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I am an 18-year kidney transplant recipient and a former hemodialysis patient. I 
spent close to 2 years on in-center hemodialysis and received my transplant in 2006. 
I am the Past President of the American Association of Kidney Patients (AAKP) and 
serve on numerous advisory boards and committees. I am a Lecturer at Bowie State 
University (BSU) and a founding member of BSU’s College of Business Advisory 
Council. Additionally, I am a Board Member of the Personalized Medicine Coalition, 
advocating for adopting personalized medicine to benefit patients and health 
systems.

More recently, I have held significant roles, including membership in the National 
Diabetes and Digestive and Kidney Diseases (NIDDK) Advisory Council, Co-Chair 
of the NIDDK Strategic Plan Stakeholder Engagement Subgroup, and participation 
in the Steering Committee for NIDDK’s Kidney Precision Medicine Project 
(KPMP) and the Scientific Registry of Transplant Recipients (SRTR) Visiting 
Committee. I have also contributed to six Centers for Medicare and Medicaid 
Services (CMS) Technical Expert Panels (TEPs).

By many standards, I enjoy a good quality of life. I want to share the rest of my 
story. My history with chronic kidney disease dates back to 1996, when I was denied 
life insurance. Perplexed and surprised, I visited my primary care physician (PCP) 
for an explanation. After a review of my labs and a urine analysis, he explained that 
the reason for the life insurance company’s rejection of insuring me was due to 
protein in my urine. Unfortunately, there was never any discussion about me poten-
tially having chronic kidney disease.

I continued taking prescribed high blood pressure medication but began to slowly 
experience problems such as not sleeping well, nocturia, lightheadedness, and 
worse off all in 2004, constantly regurgitating. As I later discovered, the blood pres-
sure medication was ineffective. To be clear, I remained under the care of my PCP 
from 1996 to 2004. I was never referred to a nephrologist!

My older brother, John, had issues with his prostate and suggested that I see a 
urologist because an enlarged prostate could cause constant urination. His sugges-
tion made sense because no one in my family of seven experienced chronic kidney 
disease. I visited a urologist on a Tuesday. He asked if I was seeing a PCP, and I 
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replied of course. Less than a week later, he called me with a sense of great urgency 
and told me to go to the emergency room immediately. This sudden urgency under-
scored the seriousness of my condition.

My visit to the emergency room was life-altering—my blood pressure was 
215/95 mmHg, and my creatinine was 13.5 mg/dL, which confirmed the diagnosis 
made by my urologist. From that point, time passed very quickly. I remember it as 
if it happened yesterday. A representative from my PCP’s practice met me at the 
hospital and began to query me about the care I received from their practice. I 
sensed he was more interested in defending the PCPs than my health.

I met with a nephrologist for the first time, and Dr. Razi is still my nephrologist. 
He asked what I knew about dialysis. In short, I was familiar with the word but did 
not know what was involved in being on dialysis. Of course, I asked him if he could 
give me medication so I could get back to my life—my kids, my wife, and running 
my business. Being able to pursue my personal goals and aspirations were at stake.

I had a procedure to give me a central venous catheter (CVC). I was concerned 
about having a CVC. After a week in the hospital, where I received my initial dialy-
sis session, I was referred to a DaVita dialysis facility near my house. Thus, began 
my education in the world of chronic kidney disease. I remember my initial visit to 
the facility. I was curious to see how my body would respond after four dialy-
sis hours.

I began doing research and concluded that a transplant was my best option, but I 
would have to make that happen. In reviewing the transplant list and being shocked 
at the abysmal transplant data for African Americans in the Washington, DC, metro 
area, I knew that I had to be engaged in getting a kidney. I viewed the transplant 
system as inefficient, particularly for African Americans (regulations in 2014 made 
the system more favorable to African Americans).

While on dialysis, I was active with the Baltimore Washington Corridor Chamber 
of Commerce (BWCC). While serving on the BWCC BOD, I attended a fundraiser 
where a fellow BOD member approached me to talk about my health situation. She 
knew I needed a kidney from an article written about me in a local newspaper. The 
gist of the article was how much I continued to do in the community despite being 
on dialysis. She offered to donate a kidney to me. I asked if she was serious but 
remained cautiously optimistic. Her offer was great, but the match between us was 
to be determined.

Success, she was a very good match! I was humbled that a woman in her mid-
fifties would offer me the gift of life. I also learned that race was not a determining 
factor. I was 55 years old, getting a new lease on life. The transplant was a success. 
I woke up in the recovery room thinking I was drugged because I felt so well. I 
learned the kidney worked immediately. Toxins began draining from my body so 
much so it felt as if someone removed a 50-lb weight from my back.

I recovered very quickly. I had no comorbidities and was in great shape. During 
the next few months as I walked and healed, I began reflecting on my journey and 
knew I had to do something to help others avoid what I experienced. I was fortunate 
because I have good health and a supportive network that exposed me to poten-
tial donors.
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Why did my PCP not refer me to a nephrologist? Why was home dialysis not 
offered as an option? Why was there no focus on slowing the progression to dialy-
sis? I addressed these questions by becoming a champion of patient engagement. I 
remain engaged in educating patients and healthcare professionals that the status 
quo is unacceptable.

While I enjoy a good quality of life, I am keenly aware of the need to engage with 
the nephrology community and the many healthcare professionals. The care I need 
as a person in my seventies is important to my well-being. I am excited about the 
future of kidney care. Innovations, the implementation of the Kidney Care Choices 
Model, and increased focus on slowing the progression to dialysis are encourag-
ing trends.

Because of my experiences and the experiences of so many other older adults, 
this book is important. This book teaches clinicians about multiple aspects of the 
patient experience such as diagnosis, treatment, and management. Understanding 
the nuances of kidney disease in older adults can improve care and heighten quality. 
While numerous advances have been made in the diagnosis and treatment of kidney 
disease, these discoveries will not improve patients’ lives unless clinicians use 
them. It is my hope that clinicians will read the chapters of this book and think about 
their own patients and reflect on how any new knowledge can help them deliver bet-
ter care. I don’t want anyone to experience the difficulties I did. If we all work 
together through education, practice, and advocacy, we can improve the lives of 
individuals living with kidney diseases and prevent a large proportion of kidney 
failure. I congratulate the authors who submitted the chapters and editors for their 
hard work. And congratulations to you the reader. Thank you for taking the time to 
further your education so you can constantly strive to be better.

Richard A. Knight
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In 1972, Richard Nixon signed the Social Security Amendment Act which made 
persons with kidney failure eligible for Medicare coverage and created the U.S. End-
Stage Renal Disease (ESRD) Program. At the time of its creation, this ESRD 
Program served approximately 10,000 individuals in the United States, who required 
dialysis. Fifty years later, the number of individuals requiring dialysis in the United 
States is 60-fold higher and the cost of treating kidney failure now exceeds 140 bil-
lion US dollars annually. The highest growth in kidney failure incidence and dialy-
sis initiation is among adults aged 75 years and older, both within the United States 
and in other industrialized countries. This growth in dialysis initiation among older 
adults reflects the changing demographics in high- and middle-income countries. 
Approximately 10% of the global population is aged 65 years and older, and by 
2050, this proportion will likely approach 20%. By 2030, 20% of the United States 
population will be aged 65 years and older and 12% will be over the age of 75 years. 
Changing population demographics is gradually altering the landscape of health-
care and its delivery, especially in the field of nephrology. Given the dynamics of 
demography, the introduction of this textbook is extremely timely.

This textbook entitled, Kidney Disease in the Elderly, is a case-based guide to the 
clinical care for older patients with or at risk for kidney diseases. Each chapter starts 
with a clinical scenario and the chapter then delves into information that provides 
education on patient evaluation, treatment, and the reasons for the clinical deci-
sions. The first chapter provides an overview of the older patient with kidney dis-
ease. As a person ages, organ functions decline and this leads to the gradual onset of 
symptoms such as shortness of breath, memory loss, and lower physical function-
ing. With kidney diseases, symptoms may be absent or subtle. In this first chapter, 
the authors point out age group differences in natriuretic hormones and diurnal 
variations in urine output. The authors also discuss the controversies in CKD diag-
nosis and staging due to lack of incorporation of age in the current CKD staging 
system. The second chapter extends the discussion of how aging affects renal physi-
ology by pointing out the distributions of CKD prevalence across age groups, coun-
try, and region. CKD prevalence among older adults is high but varies widely, even 
within the European continent. Despite the high prevalence of CKD, the incidence 
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of kidney failure is overall low because death is three times more likely among 
adults aged 75–84 years and 25-fold more likely among adults aged 85 years and 
older. This chapter discusses conservative kidney management, and this topic is 
further addressed in Chaps. 15 and 17.

Chapter 3 provides the biological explanation for nephron loss with aging. The 
authors provide an overview of nephron senescence and help the reader discern 
normal kidney aging from chronic disease processes. Readers will also learn how 
serum biomarkers of senescence may be used to gauge aging and how cellular 
stressors can induce senescence. Aging can be accelerated and possibly slowed, and 
this chapter provides the reasons for this phenomenon at the cellular level. Aging is 
also associated with changes in brain function, which can lead to mental health 
disorders and vice versa. Chapters 4 and 5 address mental and cognitive health in 
the older adult with kidney diseases. Chapter 4 guides the reader on the diagnosis 
and treatment of depression and how to select the optimal antidepressant. Anxiety is 
also discussed along with common patient symptoms that frequently accompany 
anxiety such as insomnia and sexual dysfunction. Issues of brain health in the older 
adult are further outlined in Chap. 5 using the geriatric 5Ms model. The 5Ms model 
helps the clinician frame the potential mental and cognitive issues an older patient 
may face by using existing tools such as the Mini-Mental Status Examination, the 
Mini-Cog™, or the Montreal Cognitive Assessment. Cognitive decline is a common 
factor in the older adult with CKD yet frequently not diagnosed, discussed, or 
treated. This chapter provides the tools a clinician can use at the bedside to assess 
cognition in an older patient with CKD.

Just as the kidneys age, so does the bladder. Chapter 6 discusses urinary symp-
toms in the older adult with CKD and why that matters. The case discussion 
describes an older male with urinary incontinence, and the reader is then guided on 
how the urinary issue affects CKD management. Chapter 7 addresses hypertension 
in the older patient with CKD and provides case scenarios. The clinical benefits and 
risks of blood pressure reduction and treatment goals in older adults are discussed 
along with a presentation of existing evidence. While hypertension guidelines rec-
ommend blood pressure goals <130/80 mmHg in most older adults to prevent car-
diovascular disease, this blood pressure goal may be problematic in certain 
individuals. This chapter discusses the pitfalls in blood pressure lowering in older 
adults. Another common condition that affects approximately one-third of adults 
over the age of 65 years is diabetes mellitus. Chapter 8 provides a case vignette of 
an older patient with both diabetes mellitus and CKD. This chapter describes the 
natural history of CKD development and its progression in a patient with diabetes 
mellitus and how disease progression can be modified by other factors, including 
advancing age. Whether a patient with CKD and diabetes mellitus should undergo 
kidney biopsy and the safety and benefits of treatment are also discussed.

Polycystic kidney disease accounts for 5–10% of kidney failure, and due to the 
development of cysts with aging and the heterogeneity of cystic kidney diseases, 
diagnosis can be challenging in older adults. Chapter 9 outlines the diagnostic 
approach and treatment decisions for cystic kidney diseases in the older adult. This 
interactive chapter provides case presentations, computed tomography images of 
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cystic kidney disease cases, and a discussion of the pathogenesis and genetic muta-
tions associated with cystic kidney diseases. In the older adult, the extrarenal mani-
festations can be as important or even more important than the kidney disease itself. 
The chapter discusses these extrarenal manifestations and how the clinician should 
approach them. Glomerular diseases can also be extremely challenging to manage 
in the older patient due to concerns of infections and other adverse effects of immu-
nosuppressants. Chapter 10 provides strong guidance on the diagnosis and treat-
ment of glomerular diseases. The chapter first focuses on diseases associated with 
nephrotic syndrome and then moves on to discuss diseases associated with a 
nephritic presentation. The authors provide a summary of previous studies that 
examined clinical outcomes for treated elderly patients with ANCA-associated vas-
culitis. Readers will gain understanding of when treatments for glomerular diseases 
may have more harm than benefits and vice versa.

Fractures affect almost 20% of older patients with non-dialysis dependent CKD 
and 50% of patients receiving dialysis. Bone health remains a critical factor for 
fracture risk and is especially important in patients with CKD. Chapter 11 is written 
by endocrinologists and focuses on bone and mineral metabolism in the older adult 
with CKD. While acknowledging that bone biopsies may not be readily available to 
most practicing nephrologists, the authors provide guidance on the practical diagno-
sis and management of impaired bone health such as osteoporosis and osteomala-
cia. Readers are guided on whom and when to treat.

Hyponatremia is commonly encountered in both the outpatient and inpatient set-
ting when caring for older adults with CKD. Chapter 12 outlines the age-related 
physiologic changes that impair water excretion due to reduced ability to dilute the 
urine. The authors walk the reader through a case presentation and discuss the mul-
titude of factors that can cause inappropriate antidiuretic hormone levels. Safe treat-
ment of low serum sodium levels in older adults is also discussed. This chapter also 
includes a table that provides urine concentration and dilution in the older adult and 
their implications for sodium disorders. Chapter 13 addresses acute kidney injury 
(AKI) in older adults. As noted in Chap. 3, nephron senescence occurs with aging 
which makes advanced age a major risk factor for AKI due to reduced reserve. This 
chapter outlines the molecular, cellular, and structural changes associated with 
aging that may contribute to kidney injury. The chapter also provides information 
on the diagnostic and therapeutic issues for AKI in the older adult. Chapter 14 cov-
ers pharmacotherapeutic considerations in the older adult with CKD and includes 
tables of common medications with altered pharmacokinetics in older adults. As a 
person ages, the absorption, distribution, and metabolism of many drugs changes 
and understanding these issues can strengthen prescribing practices and mitigate 
adverse effects.

The last three chapters discuss dialysis, nutrition, and kidney supportive care in 
the older adult with CKD. Mortality remains high for the older adult facing kidney 
failure, and determining the best mode of care for the patient can be extremely chal-
lenging for the patient, caregivers, and clinicians. These three chapters provide an 
overview of the options for patients with kidney failure, including in-center dialysis, 
home dialysis, and conservative management. Regardless of the choice, strong 
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nutritional support is required, and Chap. 16 discusses how and why nutritional sup-
port can augment care and improve the quality of life for a patient. The chapter on 
supportive care provides an overview of the role of multidisciplinary care, including 
palliative care for the management of the older patient with advanced kidney 
disease.

We congratulate you because you are obviously motivated to continue your edu-
cation. In the last 10 years, the knowledge and advancement in kidney care have 
never been greater. The 17 chapters in this textbook provide the reader with the 
education they will need to heighten the quality of care delivered for the older adult 
with CKD. We were fortunate to have fantastic thought leaders in nephrology and 
endocrinology to contribute to this textbook. These authors are responsible for 
advancing the clinical and diagnostic care of older adults with CKD and we are 
grateful for their contributions. We hope this textbook leads not only to better care 
but will also inspire research that can improve the care for patients with kidney 
diseases.

Maywood, IL, USA	 Holly Kramer
Oak Lawn, IL, USA	 Edgar V. Lerma
New York, NY, USA	 Holly Koncicki
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Chapter 1
The Elderly Patient with Kidney Disease: 
Overview and Evaluation

Dawn Wolfgram and Christina Mariyam Joy

�Case

A 78-year-old woman is referred to nephrology clinic due to routine labs indicating 
an eGFR of 57 mL/min. She has a medical history of migraines, osteoporosis, and 
gastroesophageal reflux disease for which she takes sumatriptan as needed, a daily 
vitamin D and calcium tablet, and omeprazole that she buys over-the-counter. She 
was recently diagnosed with high blood pressure and was started on losartan 50 mg 
daily. She was confused by this recent diagnosis of hypertension because she did not 
think her blood pressure had been elevated. However, her physician explained that 
her goal blood pressure should be lower. She is worried about having kidney dis-
ease as a friend of hers was on dialysis and recently died. She says she tries to be 
healthy and exercises by walking daily. Her blood pressure at the visit is 120/60 
with a pulse of 70, and her BMI is 22. Her main question is how this kidney disease 
will affect her life.
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�Structural Changes in the Kidney with Aging

�Macrostructural Changes

A common part of the evaluation for a change in estimated glomerular filtration rate 
(eGFR) is completion of a kidney ultrasound (US), which can detail several macro-
anatomy changes that occur with aging. A kidney US provides information on kid-
ney size, cortical thickness, echogenicity, and presence of lesions or cysts to screen 
for potential malignancies that are higher risk in older adults. Aging-associated 
changes can occur that affect these parameters, so interpretation of findings should 
be done in the context of age. Macroscopically, the kidney increases in mass to 
about 400 g until about the fourth decade of life when decline in kidney mass typi-
cally begins. Most of the decline in kidney volume with aging is within the cortex, 
while medullary volume increases slightly to compensate for total volume until age 
50–60 years. After age 60 years, kidney volume declines overall, and this decline 
becomes more dramatic beginning after age 70 years [1–3]. See Fig. 1.1, for changes 
in kidney volume by age [4]. Although kidney length by ultrasound is only a crude 
measure of one dimension of overall size, it can be helpful in determining if the 
kidneys are appropriate in size. Although kidney length does decrease with age, the 
change is small, and body height is a more important contributor to kidney length, 
thus there is no useful age-adjusted kidney length [5]. However, a kidney length that 
is less than 9 cm in an average-height individual is suggestive of pathology, even in 
an older person.

Fig. 1.1  The changes in cortical, medullary, and total volumes of the kidney with aging. (Used 
with permission from reference [4])

D. Wolfgram and C. Mariyam Joy
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Another parameter obtained from the kidney ultrasound includes the number of 
kidney cysts. Cysts are a common finding, and the presence of cysts, the size, and 
the number of cysts do increase with aging. The older age group is more likely to 
have cysts, and their cysts are more numerous and wider in diameter, particularly in 
the cortex and in men [6, 7]. In fact, the upper limit for normal number of cysts 
between both kidneys may be as high at 10 for a male over the age of 60 years, 
although having only 1–3 is more common [6]. However, this is only for simple 
cysts. Cysts that are complex, with septations, vascularity, solid components, or 
calcifications, may be premalignant or malignant and require further evaluation.

Finally, if using duplex ultrasound to also evaluate the renal arteries, the inci-
dence of renal artery narrowing is higher in older adults due to arthrosclerosis. In 
one study, the prevalence of renal artery narrowing was 25% in potential kidney 
donors over the age of 60 years [8]. Indications of significant stenosis that may lead 
to hypoperfusion include size differential between the kidneys with the smaller kid-
ney having the narrowed or stenotic artery, a peak systolic velocity > 200 cm/sec, or 
a trans-lesion pressure gradient from 10 to 15 mmHg [9]. In addition, difficult-to-
control hypertension may be due to renal artery stenosis and would be accompanied 
by a high renin level. In women, the presence of fibromuscular dysplasia should also 
be considered when finding narrowed renal arteries.

�Microstructural Changes

In addition to imaging, there are several histologic changes that occur. The most 
common histologic change with aging includes nephrosclerosis with nephron loss 
and compensatory nephron hypertrophy. These changes can have effects on glo-
merular filtration rate, which will be discussed later in this chapter.

Nephrosclerosis with normal aging includes glomerulosclerosis that is focal and 
global, as opposed to the pathological glomerular feature of focal and segmental 
glomerulosclerosis. Focal and global glomerulosclerosis is often referred to as 
obsolescent, which indicates shrunken and retracted glomerular capillary tuft and 
fibrous matrix replacing Bowman’s space. In a study of over 1000 biopsies com-
pleted on donated kidneys at the time of transplantation, the number of samples with 
more than 25% global glomerulosclerosis increased from 1% in donors aged 40–49 
to 4.3% and 9.1% in those aged 60–69 and 70–79, respectively. Having any global 
glomerulosclerosis was noted in 82% of samples from those aged 70–79 years com-
pared to slightly less than half of those aged 40–49 [10]. This and other studies led 
to the development of an age-appropriate reference for the number of globally scle-
rotic glomeruli in a kidney biopsy based on number of glomeruli in the section. A 
representative section of 9–16 glomeruli is shown in Figure 1.2 [11]. When includ-
ing at least two features of nephrosclerosis (glomerulosclerosis, tubular atrophy, 
interstitial fibrosis, and arteriosclerosis), the prevalence of sclerotic glomeruli 
increases from 16% in those aged 30–39 to 58% and 73% in those aged 60–69 and 
70–79, respectively [10]. Nephrosclerosis with aging is linked with arteriosclerosis 
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Fig. 1.2  The upper limit of normal for number of globally sclerotic glomeruli based on age and a 
section containing 9–16 glomeruli. (Data from reference [11])

as it leads to ischemic injury that over time causes glomerulosclerosis and tubular 
atrophy. The interstitial fibrosis then occurs in places of tubular atrophy and 
shrunken glomeruli. Although the loss of nephrons typically leads to compensatory 
nephron hypertrophy in kidney diseases, loss of nephrons with aging is usually not 
accompanied by substantial hypertrophy. The presence of glomerular hypertrophy 
is much more pronounced when seen with nephron loss due to diabetes, obesity, or 
other comorbidities compared to hypertrophy that occurs with normal aging [1, 12].

�Physiological Changes

The macro- and microanatomical changes we discussed above are also accompa-
nied by a reduction in glomerular filtration rate (GFR) that occurs starting after age 
40 years. The decline in GFR with aging varies among individuals, and the decline 
is steeper in men compared to women. Most studies have demonstrated a decline of 
6–8 mL/min/decade [13, 14]. Although comorbidities play a role in GFR decline, 
even normotensive individuals and those without cardiovascular disease show a 
reduction in GFR with advancing age. [15] Changes in glomerular arterial pressure 
due to changes in renin–angiotensin levels and responsiveness and reduction in 
nitric oxide levels with age can have a significant impact on GFR. Given the impor-
tant role of age in the normal range of values for GFR, age-specific thresholds for 
defining chronic kidney disease have been suggested but never incorporated into 
guidelines. The rationale and guidance on the use of age-adjusted eGFR thresholds 
are described later in this chapter.
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Table 1.1  Example of differences in urine volume and concentration in young vs elderly. Used 
with permission from reference [17]

Young Elderly
Day Night Day Night

Plasma AVP (pg/mL) 1.1 2.0 1.9 1.3
Plasma ANH (pg/mL) 19 17 40 55
Urine osmolality (mosm/kg) 700 830 510 450
Urine volume (mL/h) 75 35 50 70
Urine volume for 8 h sleep 280 560

When discussing physiological changes in kidney function, the tubular concen-
trating changes should be considered. While tubular concentrating changes with age 
do not influence GFR, they can have an impact on patient symptoms. In normal 
aging, the kidneys’ ability to maximally concentrate the urine declines due to a 
decline in maximal urine osmolarity. This decline in urine concentrating ability is 
due to resistance of the distal tubules to antidiuretic hormone (ADH) and changes in 
the diurnal release of antidiuretic hormone (ADH) [16]. In addition, aging is accom-
panied by an increase in atrial natriuretic hormone levels and a decrease in renin and 
aldosterone levels, and these changes lead to an increase in sodium wasting [16]. 
The decrease in urine concentrating ability combined with higher sodium excretion 
results in a higher urine production overall or polyuria and a shift toward greater 
urine production at night or nocturia. See Table  1.1 for a comparison of typical 
parameters in urine volume and concentration levels that lead to the common age-
related symptoms of polyuria and nocturia [17].

�Estimating Kidney Function

�Assessment of Glomerular Filtration Rate

Glomerular filtration rate remains the best overall index to assess kidney function in 
health as well as in disease states. In addition, GFR estimation helps determine drug 
dosing, especially among the elderly, minimizing side effects. Currently, available 
GFR calculators utilize endogenous biomarkers such as creatinine and cystatin-
C. However, it is important to note that there are no “ideal molecules” that are 100% 
filtered without being secreted or reabsorbed by the kidney tubules. Creatinine is a 
waste product of muscle metabolism. It is freely filtered by the glomerulus, secreted 
by the tubules, and also has limited extra-renal elimination from the gastrointestinal 
tract. Creatinine is the most used molecule for kidney function estimates, as it is 
inexpensive, widely accepted, and universally available. Creatinine levels often 
vary with muscle mass, exogenous creatine/protein intake, as well as certain drugs, 
like cimetidine and triamterene, that can decrease tubular secretion. Cystatin-C is a 
ubiquitous molecule present in all nucleated cells, freely filtered by the kidney, 
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metabolized by the tubules, and its metabolites subjected to extra-renal elimination. 
Cystatin-C is not present in the urine. Its levels are affected by obesity, inflamma-
tory states, thyroid diseases, smoking, steroid use, etc.

The current gold standard for GFR calculation is the 24 h Inulin clearance, but 
this measurement is often tenuous to perform, difficult to access, and costly. 
Alternatively, Iothalamate and Iohexol clearance can be used as alternatives to 
Inulin clearance. The Cockcroft and Gault (1976) [18] equation was the first equa-
tion used to estimate creatinine clearance and is still utilized for drug dosing. 
Creatinine clearance combines glomerular filtration rate and tubular secretion of 
creatinine. Therefore, when GFR declines, tubular secretion of creatinine becomes 
substantially higher, and, therefore, at very low GFR, creatinine clearance overesti-
mates kidney function.

The Modification of Diet in Renal Disease (MDRD) GFR estimating equation by 
Levey et al. [19] was validated in 1999, and later redeveloped in 2002 to its current 
form  today and remains widely utilized. As the MDRD equation was developed 
among individuals with chronic kidney disease (CKD), its major limitation is the 
underestimation of GFR when >60 mL/min/1.73 m2. To rectify this bias, the CKD-
EPI (Chronic Kidney Disease Epidemiology Collaboration) group developed a new 
equation in 2009 to accurately estimate GFR (eGFR) across the spectrum of CKD 
stages [20]. There are multiple variations to the CKD-EPI equation, using creati-
nine, cystatin-C, as well as a combination of both. It is important to note that the 
combined equations using cystatin-C and creatinine are better estimates of glomeru-
lar function than either of these markers used alone [21]. In light of recent outcry to 
reassess predictive algorithms pointing out that race is a social, not a biological 
construct, KDIGO and CKD-EPI combined task force validated two new creatinine, 
cystatin-C-based equations in 2021, that do not include race to determine eGFR 
[22]. Non-race based estimations of GFR are particularly important among people 
of African–American race/ethnicity, in whom the equation falsely estimates a higher 
GFR, which was previously delaying earlier diagnosis and management.

Interpretation of eGFR should be done carefully with advancing age. Most labo-
ratories report eGFR based on creatinine. However, it is important to know which of 
the prediction equations was utilized by the lab in the estimation of kidney function. 
It is well-recognized that MDRD equations underestimate eGFR, especially at 
higher degrees of renal function. Therefore CKD-EPI-based equations often pro-
vide a better estimate. In addition, a combined creatinine–cystatin-C-based formula 
may also be better among older adults who may have muscle decline with aging the 
elderly where there are alterations to muscle mass with age.

�Assessment of Albuminuria

The presence of albumin in the urine is often considered an early marker of kidney 
damage. Increased urine albumin excretion portends a higher likelihood of kidney 
disease progression and cardiovascular events regardless of the presence of diabetes 
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Fig. 1.3  Prognosis of CKD by GFR and albuminuria categories

mellitus. Although the exact mechanism is unclear—albuminuria is hypothesized as 
a sign of endothelial dysfunction or chronic inflammation [23, 24]. The gold stan-
dard test for assessment of urine albumin excretion is a 24-h urine collection, but 
this is often difficult to perform as a routine screening test. Hence a spot urine 
albumin-to-creatinine ratio (UACR) may be calculated instead as an initial screen-
ing test, followed by a 24 h urine albumin for confirmation. It is important to under-
stand that UACR assumes a steady state and a daily creatinine excretion of 1 g/day. 
Older adults with lower muscle mass may have daily creatinine excretion less than 
1 g/day; hence UACR may overestimate actual urine albumin excretion. There are 
also benign entities like orthostatic and exercise-induced proteinuria, which can 
present with diurnal variations in albumin excretion  and timed urine collections 
may be needed to accurately assess the urine albumin excretion. UACR may be then 
used to follow over time. Urine protein measurements are not routinely recom-
mended due to high sample-to-sample variability in the quantity and composition of 
the proteins measured. KDIGO 2012 recognizes that UACR above 30  mg/g (or 
0.03 g/g) portends a high risk of CKD progression.

The purpose of obtaining eGFR and UACR is for risk stratification as well as 
prognostication of patients. Fig. 1.3 shows the KDIGO 2012 prognostic classifica-
tion in patients with CKD [25].
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�Age Thresholds for eGFR

The concept of an age-adjusted eGFR threshold has been gaining momentum 
recently. An eGFR of <60 mL/min/1.73 m2 has been recognized as an important risk 
factor for increased morbidity and mortality among adults with  CKD, based on 
CKD-EPI consortium epidemiological studies and adopted by KDIGO guidelines. 
Most controversies focus on using 60 mL/min/1.73 m2 as GFR cutoff, especially 
among those categorized as CKD G3aA1 and 65 years and older. There are other 
epidemiology studies that show that the mortality risk among the elderly does not 
substantially increase until eGFR is below 45 mL/min/1.73 m2. In addition, the risk 
of progression to ESKD for a given eGFR value is lower in the elderly compared to 
younger counterparts. Individuals over the age of 70 years with eGFR 45–60 mL/
min/1.73m2 and normal-to-mild albuminuria (< 30  mg/g) have a similar risk to 
those with eGFR of 60–89 mL/min/1.73m2 [26, 27]. The lower risk of progression 
to ESKD may be due to the competing risk of death. With greater incidence of death 
compared to ESKD in older age groups when eGFR is above 15 mL/min/1.73M2 
(see schematic in Fig. 1.4) [26]. CKD may also progress slower in older adults.

Use of age-adjusted thresholds does have a small risk of identifying older 
patients with CKD later in life, but it may also identify CKD earlier among younger 
adults. Further use of age-adjusted thresholds can reduce the anxiety of being 
labeled with “kidney disease” when there is little evidence to suggest a strong 
negative health impact. In addition, it also decreases the cost of diagnostic and 
therapeutic interventions, costs of life insurance premiums, etc. It is also noted that 
patients with known CKD are often limited from receiving life-saving medical 
interventions like cardiac catheterizations, contrast-based imaging, or even cancer 
therapies. Hence, an age adjustment could help minimize creatinine-based medical 

0
5

10
15
20
25
30
35
40
45
50

<15 15-29 30-44 45-59 ≥60

in
ci

de
nc

e 
pe

r 
10

0 
pe

rs
on

-y
ea

rs

eGFR ml/min/1.73m2

Risk of death vs ESKD in patients age 75-84
based on eGFR 

incidence of death incidence of risk of ESKD

Fig. 1.4  The risk of death is higher than the risk of ESKD for eGFR levels >15 mL/min/1.73m2 in 
older age groups. (Data from reference [25])

D. Wolfgram and C. Mariyam Joy



9

bias. However, it is important to note that clinically significant proteinuria is 
always pathological, no matter what the kidney function. Delanaye et al. have pro-
posed the following adapted thresholds for CKD: 75 mL/min per 1.73 m2 for ages 
below 40 years, 60 mL/min per 1.73 m2 for ages between 40 and 65 years, and 
45 mL/min per 1.73 m2 for ages above 65 years [28]. Age-adjusted thresholds for 
eGFR seem like a reasonable option, but it is not widely adopted into current prac-
tice guidelines. Although more data is emerging, studies are often limited by 
smaller sample sizes. The studies often use creatinine as a measure of estimating 
kidney function, but this might be inaccurate among older adults with a declining 
muscle mass. KDIGO currently recommends the use of cystatin-C to verify lower 
GFR in the elderly. More importantly, the current staging system is simplistic and 
can be universally adopted without creating confusion and complications among 
its users.

�A Summary of Approach to Kidney Disease Among Elderly

Approach to specific kidney diseases will be discussed in detail in subsequent chap-
ters. Included here is an initial investigative approach when evaluating an elderly 
individual for kidney disease and some important considerations on management.

History and Physical: The first step in any diagnostic algorithm includes 
obtaining a detailed medical history, a physical examination, as well a review of 
current and past medications. It is worth mentioning that many elderly patients 
take over-the-counter medications including non-steroidal anti-inflammatory 
agents (NSAIDs), herbal supplements, and proton pump inhibitors; such medica-
tions are often not included in the list of active medications; but their use can lead 
to decline in kidney function. Also, if evaluating a recent change in eGFR, the use 
of renin–angiotensin–aldosterone systems blockers should be assessed to deter-
mine recent dose adjustments. Other medications to note include diuretics since 
elderly patients are more sensitive to changes in volume status affecting kidney 
perfusion due to decrease in kidney autoregulation [29]. Use of anticholinergics 
for treatment of polyuria or nocturia can lead to urinary retention. This is espe-
cially true among men with prostatic hypertrophy. Other medications that can have 
anti-cholinergic effects include antihistamines, tricyclic antidepressants, and 
sleep aids.

To complete the history, discuss in detail any current ongoing symptoms, with 
specific emphasis on urogenital system. A head-to-toe review of symptoms, includ-
ing recent weight changes, night sweats or fevers, bony pain, and rash, should be 
obtained. Past medical history, including information on gestation and birth, includ-
ing birthweight, gestational age at birth, higher-order pregnancies, and childhood 
illnesses are needed to determine the risk of decreased nephron mass. History of 
prolonged illnesses with known kidney involvement, even if the kidney function 
normalized, as previous AKI is a predecessor of CKD. History of all chronic ail-
ments, along with occupational as well as environmental exposures, can also be 
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important. For example, a person who immigrated from the Balkans is at risk for 
CKD as well as urothelial malignancies and should be screened appropriately. 
Similarly, individuals with prior heavy metals/agricultural chemicals are also prone 
to CKD. Previous whole-body irradiation or myeloablative therapy for stem cell 
transplantation and previous or ongoing chemo or immunotherapy also give up vital 
clues to the nature of underlying kidney disease. A positive family history is also 
very helpful.

A thorough physical exam should follow next. Evaluation of blood pressure and 
establishing age-adjusted BP goals is also an important part of the initial visit. This 
is discussed in detail later in the book.

Investigations: Reviewing previous laboratory data is paramount while investi-
gating kidney diseases. A basic laboratory workup can include but not be limited to 
a complete blood count, basic metabolic panel (or renal function panel, including 
albumin, phosphorus, and a calculated anion gap), and serum cystatin-C whenever 
readily available, etc. A combined Creatinine–cystatin-C eGFR should be calcu-
lated based on CKD-EPI formulas using online tools. The presence of anemia with 
elevated calcium levels and elevated creatinine should warrant evaluation for para-
proteinemia, especially among the elderly, as reduced GFR is often the first indica-
tor for this entity.

The role of urinalysis in the diagnosis of kidney disease is often underappreci-
ated. Check for evidence of hematuria, proteinuria, isosthenuria, presence of casts, 
inflammatory cells, crystals, etc. It is also important to quantify proteinuria—a spot 
urine protein to creatinine or spot urine albumin-to-creatinine ratio can be used. A 
negative dipstick for albumin but a positive quantifiable protein can suggest non-
albumin proteinuria like Bence–Jones proteinuria, which should warrant additional 
testing. Isolated persistent hematuria should warrant imaging as well as referral to 
urology. Kidney ultrasonography can be requested to check for kidney sizes, echo-
genicity, presence of cysts, masses, stones, or hydronephrosis. If any one or more of 
the initial tests are suggestive of a possible pathology, additional workup is 
warranted.

�Case Continued

History: During her visit, you ask about any other medical history, which she 
denies. She only takes the medications listed and no other supplements; specifically, 
she does not take any NSAIDs. She has been on her medications for years, except 
for the losartan that was started 3 months ago. She takes her current medications 
consistently. She denies any dysuria, gross hematuria, incontinence, or hesitancy 
but does not occasionally need to void overnight. She has had some trouble with 
mild dizziness when getting up after lying that usually resolves after 30 s or if she 
gets up slowly. She has not had any falls. She says she was a healthy child and was 
born at term. She has not had any hospitalizations and was never told she had a 
kidney injury.
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Physical: Her sitting BP was 120/60 with pulse of 70 and standing was 100/55 
with a pulse of 88. She is 5′4″ and weight 129 pounds. She has a normal cardiovas-
cular and pulmonary exam. Her abdomen is soft and nontender. She has no periph-
eral edema and no skin rashes.

Evaluation: You review her labs and note that a prior lab from 1 year ago shows 
an eGFR of 69 mL/min. The rest of her electrolytes are normal. You have her com-
plete a urinalysis and urine albumin-to-creatine rations. There is no hematuria on 
urinalysis, and her albumin-to-creatinine ratio is within normal at 15 mg/g. You 
also check a cystatin-C with eGFR panel that results in an eGFR of 64 mL/min. You 
proceed with a kidney ultrasound that demonstrates the right kidney with length of 
9.5 cm and left kidney with length of 9.8 cm. The report indicated that there is mild 
decrease in cortical thickness and two simple cysts on the right kidney and three 
simple cysts on the left kidney.

You explain that the changes noted in her eGFR likely represent natural decline 
in kidney function with a component of reduced intraglomerular arterial pressure 
after starting the losartan to achieve the lower blood pressure goal. Given her age, 
she likely has some arteriosclerosis that impairs kidney autoregulation. The lack of 
protein in the urine and normal age changes on the kidney ultrasound indicate that 
there is no pathology. Since she did have orthostatic hypotension and had issues 
with some dizziness upon standing you reduced her dose of losartan and explained 
that her blood pressure target can be slightly liberalized to under 140/90 mmHg. 
You reassure her that her kidney function is appropriate for her age, and that it 
should not lead to any worsening in her overall health.
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Chapter 2
Epidemiology of Kidney Disease 
in the Elderly

Gregorio T. Obrador

�Introduction

Chronic kidney disease (CKD) and acute kidney injury (AKI) are increasingly 
common in the elderly population. Several factors contribute to the rising incidence 
and prevalence of CKD, most notably an age-related glomerular filtration rate 
(GFR) loss and the comorbid conditions that often accompany aging. Glomerular 
diseases are also common in the elderly and pose significant diagnostic and thera-
peutic challenges. This chapter reviews the controversies surrounding the definition 
of and the epidemiology of CKD, AKI, and glomerular diseases in the elderly 
population.

�Chronic Kidney Disease

The Kidney Disease: Improving Global Outcomes (KDIGO) has defined CKD as 
the presence of more than 3 months of markers of kidney damage or an estimated 
glomerular filtration rate (eGFR) of less than 60 ml/min per 1.73 m2 that has health 
implications. KDIGO has also classified CKD into five stages based on eGFR (G1 
to G5) and three levels based on albuminuria (A1 to A3) (Fig. 2.1) [1].

Leaving aside the issue of the accuracy and precision of current equations to 
estimate GFR, there has been significant controversy regarding the KDIGO defini-
tion of CKD, particularly when applied to older adults [2–5]. Since GFR declines 
with normal aging and there is an absolute threshold of an eGFR <60 mL/min per 
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Fig. 2.1  Prognosis of CKD by GFR and albuminuria category. Green, low risk (if no other mark-
ers of kidney disease, no CKD); Yellow, moderately increased risk; Orange, high risk; Red, very 
high risk. CKD, chronic kidney disease; GFR, glomerular filtration rate; KDIGO, Kidney Disease: 
Improving Global Outcomes. (With permission from [1])

1.73 m2 for defining CKD, an increasing proportion of older people are diagnosed 
with CKD. Indeed, approximately half of the adults older than 70 years supposedly 
have “CKD,” as determined by a measured or estimated GFR ≤ of 60 mL/min per 
1.73 m2 [6]. Some argue that many elderly individuals with a stable eGFR between 
45 and 59 mL/min per 1.73 m2 and without abnormal albuminuria are erroneously 
labeled as having CKD [7]. Others propose that identifying older individuals with 
an eGFR <60 ml/min per 1.73 m2 is justified because they are more susceptible to 
toxic accumulation of medications cleared by the kidney and develop metabolic or 
endocrine complications associated with CKD. They also have an increased risk of 
all-cause and cardiovascular mortality, kidney failure, AKI, and CKD progression 
[1]. As the debate continues, some authors have suggested amending the current 
CKD definition to include age-specific thresholds for GFR [8, 9].

Despite the above caveats, several studies that used the current KDIGO defini-
tion have reported that the prevalence of CKD increases with age. In a meta-analysis 
of observational studies, estimating CKD prevalence in general populations, uni-
variate meta-regressions confirmed that CKD prevalence increases with age 
(Fig. 2.2). Studies of this meta-analysis that evaluated CKD stages 1–5 found the 
following mean prevalence (95% CI) for people in their 30s, 40s, 50s, 60s, and 70s: 
13.7% (10.8–16.6%), 12.0% (9.9–14.1%), 16.0% (13.5–18.4%), 27.6% 
(26.7–28.5%), and 34.3% (31.9–36.7%). Likewise, studies that evaluated CKD 
stages 3–5 found the following mean prevalence for the same age groups (95% CI): 
8.9% (4.7–13.1%), 8.7% (6.9–10.5%), 12.2% (9.8–14.5%), 11.3% (8.1–14.5%), 
and 27.9% (16.4–39.3%) [10].
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a

b

Fig. 2.2  Meta-regression of CKD prevalence and mean sample population age (a) Studies report-
ing stages 1–5 (b) Studies reporting stages 3–5. Each circle represents a study prevalence estimate, 
with the size denoting the estimate’s precision. (With permission from [10])

CKD prevalence among older adults varies by country and region. In a system-
atic analysis of worldwide-based population data, the prevalence of CKD (Stages 
1–5 and 3–5) increased with age and was higher in women than in men in both high-
income and low-and middle-income countries. Age-specific prevalence of CKD 
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was higher in low-and middle-income countries, except in those aged ≥70 years, 
whose prevalence was higher in high-income countries for both men and women 
(Fig.  2.3) [11]. Also, based on data from 19 general-population studies from 13 
European countries, the age-and sex-adjusted CKD stages 1–5 prevalence among 
adults aged 65–74 years varied from 14.3% in Central Norway, 16.7% in North 
Netherlands, 19.5% in Northeast Italy, 29.2% in Spain, 34.5% in Ireland, and 41.3% 
in Northeast Germany. Differences in the prevalence of diabetes, hypertension, and 
obesity did not fully explain this regional variation in CKD prevalence [12].

In the United States, the National Health and Nutrition Examination Survey 
(NHANES) 2017–2020 reported that the crude prevalence of CKD stages 1–4 in 
adults aged 70 years or older, 60–69, 40–59, and 18–39 years was 43%, 20%,11%, 
and 6%, respectively. It should be noted, however, that these estimates were based 
on a single measurement of albuminuria or serum creatinine, and thus, they can 
overestimate CKD prevalence [13].

Regarding trends over time, the United States Renal Data System (USRDS) 
compared the prevalence of CKD, defined as eGFR <60 ml/min per 1.73 m2 or uri-
nary albumin to creatinine ratio ≥ 30 mg/g, between the NHANES 2003–2006 and 
the NHANES 2015–2018. CKD prevalence changed slightly from 8.6% to 8.8% 
among adults under age 65 and decreased from 43.2% to 36.8% among individuals 
≥65 between the two periods. The reduction in CKD in the older group was driven 
mainly by fewer people with low eGFR rather than a reduction in the prevalence of 
albuminuria. Although the eGFR decline among older individuals has slowed over 
time, the percentage of individuals over age 65 with diabetes and cardiovascular 
disease has increased simultaneously, highlighting the importance of addressing 
these risk factors to reduce the prevalence of CKD effectively [14].

Impaired kidney function has been associated with adverse outcomes. The 
Screening for CKD among Older People across Europe (SCOPE) study involved a 
cohort of 2464 patients from seven European countries. Through cross-sectional 
analyses and comprehensive geriatric evaluations, it showed the negative impact of 
advanced CKD on nutritional status, sarcopenia, falls mental health, quality of life, 
physical function, and multimorbidity [15].

Fig. 2.3  Age-specific and age-standardized prevalence estimates and absolute numbers of men 
and women with chronic kidney disease in high-income and low-and middle-income countries. 
(With permission from [11])
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The age-related increase in CKD prevalence does not necessarily translate into 
higher demand for kidney failure treatment in older adults. In a population-based 
cohort study of nearly four million people in the province of Alberta, Canada, 
30,801 adults had stage 4 CKD (eGFR between 15 and 30 ml/min/1.73 m2), with a 
mean (SD) age of 76.8 (13.3) years. Although the yearly incidence rate of stage 4 
CKD increased sharply with age, death was three times more likely to occur than 
kidney failure, and death was six times more likely than kidney failure among those 
aged 75–84 years, and 25 times more likely among those aged 85 years or older [16].

�Kidney Replacement Therapy

The incidence and prevalence of treated end-stage kidney disease (ESKD) in older 
adults is higher than in younger people. In the USRDS 2021 Annual Data Report, 
the adjusted incidence of ESKD in 2019 among individuals aged 18–44 and 
45–64  years was 123 and 622 cases per million population (pmp), respectively, 
whereas among individuals aged 65–74 and ≥ 75 years it was 1307 and 1587 pmp. 
However, between 2009 and 2019, the adjusted ESKD incidence declined by 13.1% 
in individuals aged 65–74 and by more than 17.5% in those aged ≥75  years. 
Likewise, the adjusted prevalence of ESKD in 2019 among individuals aged 18–44 
and 45–64 years was 930 and 4169 cases per million population (pmp), respec-
tively, whereas, in individuals aged 65–74 and ≥ 75 years, it was 7419 and 7473 
pmp. In the latter two age groups, compared to 2009, there has been an increase in 
ESKD prevalence of 11.9% and 15.6%, respectively [14].

Regarding KRT modalities, among incident US patients in 2019, as age increased, 
the percentage of patients initiating in-center hemodialysis (HD) increased, and the 
percentage of patients initiating peritoneal dialysis (PD) or receiving a preemptive 
kidney transplant decreased. A similar pattern was seen among prevalent US 
patients. For example, the percentage of ESKD patients aged 65–74 years receiving 
in-center HD, home HD, PD, or with a functioning kidney transplant was 64.6, 1.3, 
7.3, and 26.8%, respectively, whereas, among ESKD patients ≥75 years, the per-
centage was 79.1, 1.0, 7.0, and 12.9% [14].

While the overall 5-year survival for ESKD patients on hemodialysis and perito-
neal dialysis in 2015 was 42% and 48%, respectively, it is significantly shorter in the 
elderly. Indeed, in 2019, the expected remaining years of life of prevalent dialysis 
patients aged 70–74 and 75–79 were approximately 4.2 and 3.6 years, respectively, 
compared to 14 and 10.7 years, for the 2018 general US population. Likewise, the 
expected remaining years of life of prevalent dialysis patients aged 80–84 and 85+ 
were approximately 3.0 and 2.5 years, respectively, compared to 7.8 and 4.0 years 
for the general US population. The mortality rates were more than two and three 
times higher for dialysis patients aged 66–74 years than those with heart failure and 
cancer [14].

In the European Renal Association (ERA) Registry 2019 Annual Report, the per-
centage of incident and prevalent patients on KRT aged ≥65 years was 54% and 
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45%, respectively, and their median age was 67.9 and 60.5 years. On December 31, 
2019, the unadjusted incidence of KRT ranged from around 1 per 170,000 persons 
aged 0–19 years to about 1 per 1900 persons aged ≥75 years. In the same year, the 
unadjusted prevalence of KRT ranged from around 1 per 19,000 persons aged 
0–19 years to 1 per 300 persons aged ≥75 years. The 5-year patient survival of 
dialysis patients ranged from 90% in patients aged 0–19 years to 25% in patients 
aged ≥75 [17].

Withdrawal of dialysis, which means discontinuing maintenance dialysis, is fre-
quent, especially in the elderly. In the United States in 2015, dialysis withdrawal 
occurred in 23% of hemodialysis and peritoneal dialysis patients before death [18]. 
Compared to patients aged 20–44, dialysis withdrawal was nearly four times as 
common among those older than 85 and was the second most common cause of 
death in patients older than 80. Older age, female sex, comorbid conditions, and 
poor quality of life, among other factors, contribute to the risk of withdrawing from 
dialysis [18, 19]. Canada, the United Kingdom, and other European countries have 
also reported increasing rates of withdrawal from dialysis, and it is a leading cause 
of death, especially among the elderly [20].

Regarding kidney transplantation, in 2019 in the United States, 19% of kidney 
transplant recipients were aged 65–74 years, and 2.2% were aged ≥75. The percent-
age of US recipients aged ≥65 years has tripled since 1999, while the percentage of 
recipients aged <45 decreased by over 60%. As a result, transplant recipients in 
recent years have been older than in the past on average. Older recipients are less 
likely to receive a living-donor kidney, and their long-term mortality is higher than 
younger patients [14]. According to the ERA Registry, in 2019, 93% of patients 
aged ≥75 received deceased donor grafts, and the 5-year patient survival after the 
first kidney transplant ranged from 97% in patients aged 0–19  years to 66% in 
patients aged ≥75 [17].

�Conservative Kidney Management

Conservative kidney management (CKM) is a holistic, patient-centered treatment 
option for individuals with stage 5 CKD that aims to improve quality of life through 
the provision of kidney supportive care without pursuing dialysis or transplantation. 
CKM involves (a) interventions to delay the progression of kidney disease and min-
imize the risk of adverse events and complications, (b) active symptom manage-
ment, (c) advance care planning and shared decision-making, (d) psychological, 
spiritual, and family support, and (e) end-of-life care [21]. Observational evidence 
shows no apparent net survival or quality of life benefit of dialysis compared to 
CKM among the oldest individuals with major comorbid conditions [22–25]. CKM 
can be offered to patients who elect or are medically advised not to pursue KRT; 
also, as a choice-restricted option if KRT is not available.

Knowledge and utilization of CKM vary substantially. In a survey of 40 nation-
ally representative French renal clinics, nephrologists reported CKM was widely 
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available and easily discussed. However, CKM was an infrequent option for older 
patients, who said they needed to be made aware of this option. A person or team 
responsible for CKM and precise information was critical to CKM implementation 
[26]. In another survey of US nephrologists, only 37% reported routinely discussing 
CKM with their patients [27].

Regarding the availability of CKM, in a study conducted by the International 
Society of Nephrology of 150 countries comprising most of the world’s population, 
81% (n = 124) of the countries reported offering CKM. Although there was no asso-
ciation between country-income level and offering CKM, only 38% of countries 
said that CKM services were readily available. 46% and 36% of countries reported 
utilization of multidisciplinary teams and shared decision-making, and 26% reported 
offering CKM training to their healthcare professionals [28].

Despite the above caveats, registry data from Australia and Canada suggests that 
“untreated” kidney failure is becoming increasingly common in patients aged ≥75, 
but there are differences among countries. In a study of ESKD patients aged ≥85, 
41% began dialysis in the United States, compared to only 7% in Canada and less 
than 5% in Australia and New Zealand [29–31]. However, it is essential to note that 
“untreated” kidney failure does not necessarily mean that patients received full 
CKM. Many gaps, including lack of uniform CKM terminology, methodological 
issues of studies evaluating outcomes, shortcomings of available prognostic tools, 
and lack of knowledge and availability of CKM services, limit current information 
about CKM use [21].

�Acute Kidney Disease

Acute kidney disease is increasingly common in the elderly. Fees et al. reported a 
three-to eight-fold, progressive, age-dependent increase in the frequency of devel-
opment of community-acquired acute kidney injury (AKI) in patients older than 60. 
The 2021 USRDS Annual Data Report showed that among individuals aged 
≥66 years, the annual adjusted rate for first hospitalization with AKI increased 42% 
between 2009 and 2019, from 36.1 to 51.3 admissions per 1000 person-year. The 
adjusted hospitalization rate for AKI requiring dialysis was 2.3 admissions per 1000 
person-year. Patients hospitalized with AKI were much more likely to be ≥75 years 
old than those 66–74 years old [14]. Several factors contribute to the increased risk, 
including (a) age-related structural and functional changes of the kidneys, (b) high 
frequency of comorbidities, (c) exposure to medications and interventions that may 
be potentially nephrotoxic or alter kidney function, and d) alterations in drug metab-
olism and clearance associated with aging [32].

Regarding causes, prerenal factors are the leading cause of AKI in the general 
geriatric population, and acute tubular necrosis is the most frequent form of intrinsic 
AKI.  Acute interstitial nephritis due to medications and postrenal causes is also 
frequent in this population [33]. AKI is associated with a higher risk of mortality 
and development of CKD and dialysis dependency in the elderly. Data from the 
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USRDS indicate that the in-hospital mortality for patients older than 66 who had a 
first AKI hospitalization was 8.2% compared to 1.8% for non-AKI hospitalizations. 
Moreover, the cumulative probability of a recurrent AKI hospitalization within 1 
year was 36%, and 30.8% developed CKD in the year following the AKI hospital-
ization. The risk of developing kidney failure after an AKI episode is substantially 
higher in patients with underlying CKD [14]. Lastly, mortality rates in elderly 
patients admitted to the intensive care unit are over 50%.

�Glomerular Diseases

As the general population ages, the prevalence of glomerular diseases (GDs) in the 
elderly increases and faces significant diagnostic and therapeutic challenges. A 
shorter life expectancy, multiple comorbid conditions, potential complications of a 
kidney biopsy, and side effects of immunosuppressive medications contribute to the 
complexity of managing these patients. The epidemiology of GDs varies among 
countries due to differences in ethnic predisposition, approaches to indications of 
kidney biopsy, and methods used in epidemiological studies. Information usually 
derives from biopsy or glomerulonephritis (GN) registries and single-center data. In 
most countries, membranous nephropathy (MN) is the leading cause of primary GN 
and nephrotic syndrome in the elderly. Minimal change disease (MCD) and focal 
and segmental glomerulosclerosis are other frequent causes of nephrotic syndrome. 
Pauci-immune crescentic GN is also very common and reportedly the leading GN 
in the United States in this age group. IgA nephropathy and membranoproliferative 
GN are also frequent causes of nephritic syndrome. AKI often accompanies the 
nephrotic syndrome, particularly in patients with MN or MCD. Multiple myeloma 
and amyloidosis are common secondary causes of GN.  Older patients generally 
respond well to treatment, but therapeutic decisions about immunosuppressants are 
difficult due to patient-related factors and limited clinical trial evidence of the risk-
benefit of therapy in this patient population [34–37].
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Chapter 3
Nephron Senescence and Mechanisms

Helen Healy, Andrew J. Kassianos, Monica S. Y. Ng, and Eoin D. O’Sullivan

Take Home Points
	1.	 Senescence is a specific cellular process that is distinct from aging.
	2.	 Senescent cells in the kidney may drive fibrosis and inflammation.
	3.	 Removal of senescent cells shows promise as a therapeutic pathway in both 

acute and chronic kidney disease.
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�Introduction

Contemporary definitions of aging emphasize a time dependant progressive decline 
in normal organ functions and impairment of biological pathways that have been 
preserved across evolution for host survival [1]. This chapter explores the proposi-
tion that senescence in the kidney is more than just the chronological organ age but 
also encompasses the cellular phenotype that results after accumulating a range of 
cellular insults that result in undesirable effects on the kidney tissue and impaired 
function.

Aging is characterized by altered molecular pathways driven by both intracellu-
lar and extracellular factors. These pro-aging factors are summarized in Fig. 3.1, 
alongside an overview of the resulting changes to the kidney. Heterogeneity in 
organ aging and senescence exists within populations. Drivers of organ aging and 
cellular senescence, and their interactions, are dynamic and vary across an individ-
ual’s lifespan. It leads to the preservation of kidney function into advanced age in 
some individuals, but not in others.

The term senescence derives from the Latin word “senex” meaning old and con-
tinues to be used in this sense in common language. It was originally used by biolo-
gists interchangeably with the term aging to describe the decline in organ function 
over time. This led to confusion in the early literature, with organismal aging and 
cellular senescence used indiscriminately before the biology of senescence was 
described. The need to delineate senescence from aging is succinctly summarized 
by George C. Williams in 1957: No one would consider a man in his thirties senile, 
yet, according to athletic records and life tables, senescence is rampant during this 
decade [2].

Fig. 3.1  Causes and consequences of kidney aging
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Senescence has a different and precise meaning at the level of our cells. Leonard 
Hayflick published the seminal paper on senescence in 1961, describing the loss of 
cellular replicative features, i.e., changes are irreversible, based on his observations 
of long-term in  vitro cell cultures. Cellular senescence is a state of permanent 
growth arrest and cessation of cell division [3]. The key biological feature of cellu-
lar senescence is the cell permanently exits cell cycling. It is accompanied by a 
distinct set of phenotypical alterations, metabolic reprogramming and altered secre-
tomes, known as the senescence-associated secretory phenotype or SASP. Senescent 
cells accumulate following triggers from either inside the cell (e.g. telomere short-
ening) and/or outside the cell (e.g., post-injury in a range of diseases). Senescence 
is a non-negotiable biological process protecting survival of the organism. However, 
it may not be desirable at the level of specific tissue. While vital for embryogenesis 
or wound healing, for example, a senescent cell may be detrimental to health in 
other contexts, where the senescent cell triggers inflammation, accelerates the pro-
cesses of aging and promotes tissue fibrosis.

To avoid ambiguity, this chapter will define aging as the loss of tissue and organ 
function over time [1]. In contrast, senescence is a loss of cell proliferation resulting 
in canonical changes in cell functioning.

Case Study 1
A 32-year-old man was referred with an asymptomatic 6-month decline of 
kidney function— eGFR from 75 to 55 mL/min/1.73m2 with 1.5 g/d protein-
uria. He reported an episode of acute kidney injury 3 years ago in the context 
of salmonella gastroenteritis and kidney function returned to baseline. His 
history was notable for lymphoblastic leukemia at 10 years, treated with an 
allogeneic hematopoietic stem cell transplant protocol that included total 
body irradiation and etoposide conditioning. He was taking ibuprofen 400 mg 
three times daily and ramipril 5 mg daily for hypertension.

Investigations were unremarkable, with normal-sized kidneys on 
ultrasound.

A kidney biopsy reported acute tubular injury and chronic changes of glo-
merulosclerosis in 40% of sampled glomeruli and interstitial fibrosis and 
tubular atrophy in 30–40% of the cortex. The decline in kidney function was 
attributed to non-steroid anti-inflammatory drug use and he experienced par-
tial improvement in eGFR (to 62) 3 months after stopping ibuprofen. Further 
staining of biopsy tissue showed increased numbers of cortical senescent 
tubular and endothelial cells and dramatically increased senescence-associated 
beta-galactosidase (SA-β-gal) staining and p21/p16INK4a immunofluorescence 
relative to age-matched control kidney. Case 1 demonstrates the aging-
associated morphology of the kidney does not always reflect chronological 
age. In this case, the injury-associated aging and premature senescence were 
likely the outcome of the earlier kidney hit of total body irradiation and che-
motherapy. His senescent cell burden is high which may lead to increased 
acute kidney injury risk and poorer post-injury recovery and progression to 
chronic kidney disease.
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�Aging and Senescence Reciprocity

The role of cellular senescence in the biology of aging in vivo is complex and con-
tinues to be debated in the presence of emerging literature. Many of the biomarkers 
of senescence (i.e., increased p16INK4a expression, molecules of the SASP) are also 
found in aging tissue [4, 5]. The co-expression may, in part, be a consequence of 
stem cell senescence. As somatic cells reach the end of their replicative lifespan or 
are damaged and removed from tissue, they are replenished from a stem cell pool. 
A feature of aging is a reduced stem cell pool and tissue reconstitution is conse-
quently compromised. Supporting this concept, depleting the SRY-box transcription 
factor 2 (Sox2+) stem cell pool in mice promotes both cellular senescence and pre-
mature aging [6].

Senescence is increased in models of aging. For example, p16INK4a, a cell cycle 
protein that slows progression from G1 to S phase of the cell cycle, is increased in 
the presence of stem cell senescence and tissue dysfunction in the brain, bone mar-
row, and pancreas [7–9]. p16INK4a is increased in the BubR1 mutant mouse model in 
which skeletal muscle and adipose tissue develop premature aging-associated phe-
notypes. The changes can be mitigated by either genetic inactivation of p16INK4 or 
inducible elimination of p16INK4a-expressing cells [10, 11]. Collectively, the data 
report that some tissue features of aging are driven by cell cycle arrest, a key char-
acteristic of senescent cells.

In addition to p16INK4a expression, circulating concentrations of SASP proteins 
have been identified as candidate biomarkers of age and exposure to medical risk in 
humans. A pre-specified panel of 7 SASP proteins (growth differentiation factor 15 
(GDF15), tumor necrosis factor (TNF) receptor superfamily member 6 (FAS), 
osteopontin (OPN), TNF receptor 1 (TNFR1), ACTIVIN A, chemokine (C-C motif) 
ligand 3 (CCL3), and Interleukin-15) predict biologically significant age-related 
adverse events (higher frailty score, adverse post-operative outcomes) better than a 
single SASP protein or chronological age [12]. SASP proteins are an exciting area 
of biomarker and prognostic research.

�Biology of Cellular Senescence: Mechanisms 
and Associated Pathways

Multiple cellular stressors induce senescence are summarized in Fig. 3.2. Different 
stressors trigger distinct pathways to senescence, but the majority culminate in 
induction of one or both of the cyclin-dependent kinase inhibitor checkpoint pro-
teins, p16INK4a and p53/p21cip1. Upregulated inhibitor checkpoint activity down-
modulates downstream cyclin-dependant kinases 2, D, 4 and 6 [13, 14] and their 
regulation of the cell cycle, i.e., inhibits cell cycling. The cell cycle arrests at the 
G1/S checkpoint and the cell assumes the senescent phenotype. Typical senescent 
cells have a flat and large cellular morphology, intracellular vacuoles, positive 
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Fig. 3.2  Key drivers of senescence and characteristics of senescent cells

staining for the senescence-associated β-galactosidase (SA-β-gal), p21 and/or p16 
and accumulation of p53 [15].

p53 (also known as the guardian of the genome and many other names) is a mas-
ter regulator of cell cycling. It programs cell fate, e.g., senescence in the context of 
short telomeres, apoptosis in the context of irreparable DNA damage, etc. p53 
undergoes unique posttranslational modifications in senescent cells that confer 
resistance to the apoptosis fate [16]. The resistance of senescent cells to apoptosis is 
a key characteristic and results in the accumulation and persistence of senescent 
cells in tissue.

�The Senescence-Associated Secretory Phenotype (SASP)

Another key characteristic of senescent cells is the distinct set of bioactive sub-
stances (soluble proteins, lipids, nucleic acids, and miRNAs) they secrete into the 
extracellular space. Collectively, these molecules are described as the senescence-
associated secretory phenotype (SASP) [17]. The composition or signature of the 
SASP varies depending on the cell of origin, the stimulus, and the time that has 
elapsed since induction of the senescent phenotype. There are over 200 documented 
proteins in the SASP [18], and Fig. 3.3 gives an overview of the broad effects of the 
SASP in vivo with examples of responsible components.

Combinations of these components explain the great heterogeneity of SASP sig-
natures, datasets so large that researchers are turning to computer-based ‘-omics’ 
methodologies to handle their size and for in silico deconvolutional analyses to 
assign pathway functionality. SASP bioactive proteins, like the soluble cytokines 
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Fig. 3.3  The SASP is responsible for propagation of senescence in tissues, inflammation and 
remodeling. A selection of some key SASP components and associated pathways are presented

interleukin (IL)-6, IL-8, and transforming growth factor (TGF)-β, act in both a para-
crine and autocrine fashion, leading to inflammation and propagation of the senes-
cent state in the cell’s environmental niche [19]. SASP bioactive molecules trigger 
a wide array of biological effects, e.g., lipid prostaglandin E2 suppresses anti-tumor 
immunity in certain contexts, etc. [20].

The heterogeneity of SASP signatures conceals deep redundancy, with different 
SASPs replicating functions that are highly conserved across contexts. Such con-
served functions include induction of pro-inflammatory pathways (e.g., immune 
cell attraction and activation), modulation of the regulation of cell proliferation, 
wound healing, and an incompletely understood role in post-injury fibrosis and tis-
sue repair [21–24].

Senescent cells may not replicate but they do have capacity to remodel their 
environmental niche via SASP-mediated paracrine effects, a phenomenon known as 
bystander senescence [25, 26]. Bystander senescence is observed in human bron-
chial epithelial cells (↑ SA-β-gal, ↑ p21) exposed to the serum from patients with 
chronic obstructive pulmonary disease [27]. In vitro murine tumor cell line studies 
show that docetaxel-induced senescence results in the classic combination of growth 
arrest, SA-β-gal staining, increase of the cyclin-dependent kinase inhibitor p21 and 
a SASP signature that induces bystander senescence [28]. T helper 1 cytokines 
(interferon (IFN)-γ and tumor necrosis factor (TNF)-α) added to the cultures do not 
alter the characteristic features of cellular senescence (i.e., proliferation arrest, mor-
phological changes and increased p21), but do interrupt bystander senescence. The 
senescent cells retain the starter malignant phenotype and are able to subsequently 
form tumors in vivo [28]. A landmark 2018 paper reported bystander senescence 
can be transplanted, using senescent preadipocytes injected into mice, resulting in 
physical dysfunction and decreased survival [29].
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Collectively, these findings highlight that the senescent phenotype is preserved 
across cell lines/models and senescence inducers. Importantly, the authors of the 
landmark paper also provide proof-of-concept evidence that senolytic agents (i.e., 
dasatanib and quercetin), cell therapy that selectively eliminates senescent cells, 
prevents the emergence of the bystander senescence phenomenon in transplanted 
hosts [29].

�Aging and Senescence Reciprocity in the Kidney

The pathobiology of aging of the kidney is a maze of multiple and redundant pro-
cesses of complex cellular/molecular check-points, like the cell cycle regulators, 
senescence-associated pathways, etc. [30]. The morphological changes of aging in 
the kidney include a decline in the total size and number of the basic functional units 
of the kidney, the nephron-rarefaction of endothelial cells, glomerulosclerosis, and 
tubulointerstitial changes [31–34]. The latter two represent the loss of specialized 
kidney cells and the accumulation of fibrosis. As nephrons drop out, the glomerular 
filtration rate (GFR) declines. Age-related decline in GFR is of the order of 
0.5–1.5 mL/min/1.73m2 body surface area per annum [30, 35]. Other nephron func-
tions, like free water clearance, homeostatic control of electrolytes, metabolic bone 
balance, erythropoiesis functions, etc., begin to decline as GFR drops below 60 mL/
min/1.73m2, irrespective of the cause of loss of GFR [30, 36]. Collectively, these 
age-related structural and functional alterations result in less robust survival 
responses and increased susceptibility to subsequent injury inducers, leading to 
acute kidney injury (AKI) and chronic kidney disease (CKD) in the older kidney 
[30, 37, 38].

Senescent cells accumulate in the kidney, particularly in the cortex, in response 
to both aging and injury. The senescent cell burden and expression of the p16INK4a 
and p53 biomarkers correlate with the age-related histopathological alterations of 
glomerulosclerosis, interstitial fibrosis, and tubular atrophy and with functional 
decline, resulting in poor clinical outcomes [18, 39–41]. p16INK4a is expressed by 
almost all cell types of the cortex of the aging human kidney (tubular, glomerular, 
interstitial, vascular cells), but expression is highest in tubular cells [40].

The mitochondrial-rich tubular epithelium is a preferred epicenter of kidney 
senescence, exquisitely responsive to hypoxia and oxidative stressors delivered 
through pathways like age-related vascular changes [42]. A seminal 2016 study 
deleting p16INK4a-positive cells by transgenic engineering to produce INK-ATTAC 
transgenic mice [43] is compelling. The investigators show age-related senescence 
localized to the proximal tubules. Moreover, they suggest that senescent tubular 
cells propagate pathological changes in the associated environmental niches, 
encompassing glomeruli (i.e., glomerulosclerosis), via production of SASP signa-
tures that hyperactivate the local renin-angiotensin-aldosterone system [43]. The 
propagation of SASP-mediated bystander senescence throughout the tubulointersti-
tial compartment is confirmed in a mouse allogeneic transplant model where 
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senescent (irradiated) tubular cells injected systemically into healthy recipients 
engraft into the kidneys that then develop higher burdens of inflammation, micro-
vascular dropout and fibrosis [44].

�Senescence in Kidney Disease

The cellular senescence pathway has been described in the pathobiology of various 
experimental animal models of kidney diseases and observational studies in human 
kidney tissue. Senescent cells (SA-β-gal+, p16INK4a+ and/or p21+ cells) accumulate in 
damaged kidneys, predominantly in the cortex. The cell source is usually tubular, 
but glomerular, interstitial and vascular cells also transition to the senescent state 
[42]. The type and localization of senescent cells are dependent on the pathophysi-
ological context, the mode of injury and pattern of kidney disease. Typical markers 
used to identify senescent cells, such as positive p21 staining and SA-β-gal staining, 
are demonstrated in Fig. 3.4.

�Glomerulonephritis

The senescence-associated biomarker p16INK4a is increased in human kidneys 
with the immune deposition glomerular diseases of membranous nephropathy, 
IgA nephropathy, and focal segmental glomerular sclerosis (FSGS) compared to 
age-matched controls [45]. Double senescent biomarker staining (p16INK4a+, 
SA-β-gal+) is reported in glomerular, interstitial, and tubular cells in patients 

Case 2 Senescence in the Diseased Kidney
A 65-year-old woman underwent left nephrectomy for renal cell carcinoma 
discovered after investigations for hematuria. Her kidney function measured 
by eGFR was 72 mL/min/1.73m2 pre-operatively. Histology of the lesion was 
consistent with encapsulated clear cell renal cell carcinoma with no vascular 
nor lymphatic invasion. eGFR was 30 mL/min/1.73m2 post-operatively and, 
when it had not improved by 6 months, the tissue samples were re-examined. 
Kidney parenchyma away from the tumor showed arteriosclerosis, interstitial 
fibrosis in 30% of the cortex, and tubular atrophy (IFTA). The tissue was 
entered into a local research project and SA-β-gal special staining and p21/
p16ink4a immunofluorescence was performed. Her kidney was found to have 
increased numbers of senescent tubular, endothelial, and mesangial cells rela-
tive to aged-matched control kidneys.

The increased age-disproportionate burden of senescent cells in the kidney 
in this case may explain the failure of kidney hypertrophy and recovery of 
eGFR after nephrectomy.
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Fig. 3.4  (left) Immunofluorescence demonstrating p21+ nuclei (red) in the tubular epithelium in 
an aged murine kidney—DAPI = blue, COL1 = green. (right) SA-β-gal staining (blue) of a murine 
kidney following reversed unilateral ureteric obstructive injury 

with minimal change disease (no immune deposits) as well as membranous 
nephropathy and FSGS, i.e., not dependent on immune deposition pathobiologi-
cal signaling [46, 47]. p16INK4a expression is higher in the nuclei of glomerular 
and interstitial cells in human kidneys with glomerular diseases as compared to 
kidneys with normal aging or tubulointerstitial nephritis [46]. Moreover, 
increased tubular expression of p16INK4a at the time of initial biopsy is an inde-
pendent predictor of progression to end-stage kidney failure in the glomerular 
pattern of FSGS [47]. The data support the concept of senescence triggered by 
glomerular inflammatory diseases and the accumulation of senescent cells in 
glomeruli.

�Diabetic Kidney Disease

Kidney cellular senescence is also observed in patients with metabolic diseases like 
diabetes. p16INK4a and SA-β-gal are upregulated in predominantly tubular cells and 
to a lesser extent podocytes in kidney biopsies of adults with type 2 diabetic kidney 
disease (DKD) compared to age-matched controls [48]. The increased tubular 
SA-β-gal correlates with body mass index and blood glucose levels, both systemic 
drivers of aging as well as cellular senescence. The findings are reproducible 
in vitro, with proximal tubule cells cultured under high glucose conditions display-
ing a similar senescent phenotype (↑ p16INK4a, ↑ SA-β-gal) [48]. Mechanisms of 
senescence were interrogated in streptozotocin-induced diabetic mice, with in vivo 
evidence that hyperglycaemia causes tubular senescence via a sodium-glucose co-
transporter-2 (SGLT2) and p21-dependent pathway [49]. This 2014 finding has a 
fresh impact on small molecule blockers of the sodium-glucose co-transporter fam-
ily (SGLT2) pathways now licensed for clinical use.
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�Kidney Vascular Disease

Vascular disease is one of the most common causes of advanced kidney disease in 
first-world countries and increasingly across the globe.

The kidney vasculature is a preferential target of acquired cellular senescence. 
The accumulation of senescent vascular smooth muscle cells (VSMC) in athero-
sclerotic plaques and areas of calcification correlates with impaired vascular flow 
and kidney disease progression [50, 51]. Reactive oxygen species (ROS)-mediated 
Lamin B1 accumulation is posited to be the key mechanistic driver of chronic kid-
ney disease-associated VSMC senescence [52]. A rat model of radiation-induced 
kidney damage reported prominent senescent biomarker staining (increased p16+, 
SA-β-gal activity, p53+, p21+ and SASP, particularly IL-6) in vascular endothelial 
cells [53]. The data expands the evolving maps of the pathobiology in specific pat-
terns of kidney vascular disease to include senescent signaling pathways.

�Allograft Nephropathy

Pre- and post-transplant human kidney biopsies offer time-lapsed insights into the 
role of senescent cells in allograft rejection. As for other kidney diseases, markers 
of cellular senescence in pre-transplant biopsies (i.e., p16INK4a) predict graft dys-
function and poor long-term outcomes [54, 55]. Similarly, the presence of senescent 
cells (↑ p16INK4a or SA-β-gal) in post-transplant biopsies significantly correlates 
with chronic allograft nephropathy (CAN—now defined as “interstitial fibrosis and 
tubular atrophy without evidence of specific etiology”) [45, 56, 57]. Cellular senes-
cence burden in CAN exceeds levels predicted for normal aging, demonstrating 
CAN is associated with accelerated senescence [45]. The observation of accelerated 
senescence with CAN is confirmed in experimental animal models. Mice receiving 
kidney transplants from p16INK4a knock-out mice (i.e., kidneys with a reduced capac-
ity to induce cellular senescence) exhibit lower senescent cell burden, less patho-
logical tubulointerstitial changes, and improved allograft survival compared with 
wild-type control donor kidneys [58].

Targeting the senescence pathway to inhibit premature senescence in kidney 
transplantation is a promising therapeutic strategy to prolong graft survival.

�Polycystic Kidney Disease

In contrast, autosomal dominant polycystic kidney disease (ADPKD) demonstrates 
the importance of kidney cellular senescence for organ health. The expression of 
cell cycle inhibitor and senescence marker p21 is decreased in kidneys of people 
with ADPKD and also in a non-transgenic rat model of ADPKD, resulting in 
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dysregulated tubular epithelial cell proliferation expressed morphologically as 
expanding cysts [59]. Treatment with the cyclin-dependent kinase inhibitor roscovi-
tine restores p21 expression levels both in vitro and in vivo and attenuates disease 
progression in a mouse model of ADPKD [59–61]. These findings demonstrate the 
protective role of senescence in editing excess tissue, in this case tubular cell prolif-
eration, and preventing ADPKD progression in ex utero life. This kidney disease 
illustrates that not all senescence is deleterious.

�Therapeutic Targeting of Cellular Senescence in the Kidney

With some exceptions, current therapeutics that target cellular senescence fail to 
prevent adverse outcomes across a range of kidney diseases. Best-performing drugs 
target the hemodynamics of glomerular filtration. The newest of these, the SGLT2 
inhibitors, are also thought to act via glomerular hemodynamics, and reduction of 
insulin levels which mimic a fasting state, but an additional benefit of this drug class 
is inhibition of the senescence pathway.

Senescent cells are emerging as novel therapeutic targets in diseases character-
ized by propagation of the phenotype. Pharmacological agents that target senescent 
cells or senescence-associated pathways are collectively known as “senotherapies” 
(Fig.  3.5). Senotherapies are broadly divided into two categories: (1) those that 
selectively eliminate senescent cells (senolytics); and (2) those that suppress patho-
genic elements of SASPs (senostatics) [62].

�Senolytics: Elimination of Senescent Cells

Senescent cells share the cancer cell characteristics of activation of anti-apoptotic/
pro-survival signaling pathways that resist cell death [63]. Therefore, repurposing 
existing anticancer drugs that reprogram the apoptotic cell death pathway is a prom-
ising approach to eliminating senescent cells in kidney diseases [18]. Senolytic 
agents that have been used to target senescent cells in vivo and in vitro include: (1) 
ABT-263 (Navitoclax), an inhibitor of the anti-apoptotic BCL family members 
BCL-2, BCL-xL, and BCL-W, in ischemia reperfusion injury (IRI), unilateral ure-
teric injury (UUO), reversed unilateral ureteric injury (R-UUO), aged kidneys, and 
irradiation-induced injury [64, 65]; (2) Combinational treatment with quercetin and 
dasatinib that together inhibit a broad spectrum of protein kinases and tyrosine 
kinases and been shown to reduce senescence in human diabetic kidney disease as 
well as murine IRI, and cisplatin-induced injury [66, 67]; and (3) The FOXO4-D-
Retro-Inverso (FOXO4-DRI) peptide that competes with normal anti-apoptotic 
FOXO4-p53 binding and depletes senescent cells in aged murine models [68].

Translation of these drugs to the injured or aging kidney is still in its infancy. 
Allograft nephropathy is one of the kidney diseases where senolytics may offer 
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Fig. 3.5  The key difference between senolytics and senostatics with examples of each

significant therapeutic benefits. Treatment of kidney donors with senolytic agents 
prior to explanting the organ or, alternatively, perfusing the kidney with senolytics 
after removal may attenuate the accumulation of senescent cells and improve 
allograft survival [18]. Given that the accumulation of senescent cells depends on 
the mode of injury [69], senolytic efficacy will need to be examined for each dis-
crete kidney disease pattern.

Gene expression and SASP signatures of individual cells within senescent popu-
lations are highly variable [70] and a combined drug approach may be required. The 
benefits of senolytics extend beyond the specific disease with growing evidence that 
pharmacological depletion of senescent cells also prevents/delays tissue dysfunc-
tion in animal models of aging [11, 68, 71]. Senolytics are an emerging therapeutic 
field, with the dual benefits of targeting senescent cells and supporting healthy kid-
ney aging.

�Modulation of SASP

The disadvantage of the senolytic approach is the lack of reversibility once senes-
cent cells (and associated SASPs) are eliminated. Some bioactive molecules of the 
SASPs are in fact desirable, as in wound healing post-transplantation [72]. Thus, the 
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clinical need is precision senostatics—agents which target specific deleterious 
molecule/s of the SASP signature but leave beneficial SASP molecules active. 
SASP-modulating agents of this order of precision are generally inhibitors of the 
pro-inflammatory signaling pathways that promote further senescence and fibrosis, 
including the nuclear factor (NF)-κB, c-Jun N-terminal kinase (JNK), or p38 
mitogen-activated protein kinase (MAPK) pathways [73]. A pan-JNK inhibitor 
(SP600125) reduces the burden of senescent tubular cells, titers of pro-fibrotic 
TGF-β and the development of fibrosis in a mouse model of ischemic injury [74]. 
Beyond this publication, experimental assessment of senostatics in the injured or 
aged kidney remain limited.

The role of senescence as either a cause or consequence or enabler/amplifier of 
age-related kidney pathology remains a fundamental question. The answers are 
important because they will direct us to either senotherapeutics and/or molecules 
targeting other pathobiological signaling pathways in the pursuit of preserving kid-
ney function post-injury and with aging.

�Conclusions and Future Directions

In conclusion, senescence and aging are distinct. Aging is a global term used to 
describe the phenotype of cells, tissues, organ systems, and the organism holisti-
cally. Its discriminatory characteristic appears to be telomere length. Senescence, 
biologically, is limited to cells and its discriminatory characteristic is an irreversible 
exit from cell cycling. The two pathobiological processes are tightly interconnected. 
Telomere shortening converts the host cell to a senescent phenotype. A depleted 
stem cell pool is a shared characteristic of both processes. The two processes have 
biomarkers in common, e.g., increased p16INK4a expression, SASPs. In the kidney, at 
least, tissue phenotype is similar, with glomerulosclerosis, vascular endothelial rar-
efaction and tubulointerstitial atrophy/fibrosis associated with both pathobiological 
processes. Aging may be viewed as the aggregate of multiple signaling pathways, of 
which senescence is one.

The mechanism of how the senescent cell burden models surrounding tissue 
remains incompletely understood, limiting the development of specific therapies. 
Complicating matters, in vitro studies report senescent cells are highly heteroge-
nous and exhibit varying phenotypes at any given time point and in response to 
different modes of senescence induction. Even within a tissue, senescent cells 
express different markers, secrete variable SASP signatures and use different anti-
apoptotic escape pathways, suggesting drug combinations are likely more effica-
cious than single agents.

Despite these barriers, the evidence that pharmacological depletion of senescent 
cells leads to improved organ function in animal models of aging and disease is 
growing. Senescence is an exciting field of biology which is increasingly generating 
enormous funding and research interest. Beyond the hyperbolic headlines, 
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enthusiastic investors and evermore biotech start-ups are filling a field with immense 
therapeutic potential to help millions of patients.

Acknowledgments  The authors would like to thank Marie Docherty, University of Edinburgh, 
for supplying the immunofluorescence images in Fig. 3.4.

Funding  The work was funded by Pathology Queensland and a National Health and Medical  
Research Council (NHMRC) Project Grant (GNT1161319).

Conflict of Interest  The authors declare that they have no conflict of interest.

References

1.	Flatt T. A new definition of aging? Front Genet. 2012;3:148.
2.	Williams G. Pleiotropy, natural selection, and the evolution of senescence. Evolution (NY). 

1957;11:398–411.
3.	Di Micco R, Krizhanovsky V, Baker D, d'Adda di Fagagna F. Cellular senescence in ageing: 

from mechanisms to therapeutic opportunities. Nat Rev Mol Cell Biol. 2021;22(2):75–95.
4.	Kim WY, Sharpless NE.  The regulation of INK4/ARF in cancer and aging. Cell. 

2006;127(2):265–75.
5.	Hornsby PJ. Cellular senescence and tissue aging in vivo. J Gerontol A Biol Sci Med Sci. 

2002;57(7):B251–6.
6.	Vilas JM, Carneiro C, Da Silva-Alvarez S, Ferreiros A, Gonzalez P, Gomez M, et al. Adult 

Sox2+ stem cell exhaustion in mice results in cellular senescence and premature aging. Aging 
Cell. 2018;17(5):e12834.

7.	Molofsky AV, Slutsky SG, Joseph NM, He S, Pardal R, Krishnamurthy J, et  al. Increasing 
p16INK4a expression decreases forebrain progenitors and neurogenesis during ageing. 
Nature. 2006;443(7110):448–52.

8.	 Janzen V, Forkert R, Fleming HE, Saito Y, Waring MT, Dombkowski DM, et al. Stem-cell 
ageing modified by the cyclin-dependent kinase inhibitor p16INK4a. Nature. 2006;443(7110): 
421–6.

9.	Krishnamurthy J, Ramsey MR, Ligon KL, Torrice C, Koh A, Bonner-Weir S, et al. p16INK4a 
induces an age-dependent decline in islet regenerative potential. Nature. 2006;443(7110):453–7.

10.	Baker DJ, Perez-Terzic C, Jin F, Pitel KS, Niederlander NJ, Jeganathan K, et al. Opposing 
roles for p16Ink4a and p19Arf in senescence and ageing caused by BubR1 insufficiency. Nat 
Cell Biol. 2008;10(7):825–36.

11.	Baker DJ, Wijshake T, Tchkonia T, LeBrasseur NK, Childs BG, van de Sluis B, et  al. 
Clearance of p16Ink4a-positive senescent cells delays ageing-associated disorders. Nature. 
2011;479(7372):232–6.

12.	Schafer MJ, Zhang X, Kumar A, Atkinson EJ, Zhu Y, Jachim S, et  al. The senescence-
associated secretome as an indicator of age and medical risk. JCI Insight. 2020;5(12):e133668.

13.	Munoz-Espin D, Canamero M, Maraver A, Gomez-Lopez G, Contreras J, Murillo-Cuesta 
S, et  al. Programmed cell senescence during mammalian embryonic development. Cell. 
2013;155(5):1104–18.

14.	Storer M, Mas A, Robert-Moreno A, Pecoraro M, Ortells MC, Di Giacomo V, et al. Senescence 
is a developmental mechanism that contributes to embryonic growth and patterning. Cell. 
2013;155(5):1119–30.

15.	Bringold F, Serrano M.  Tumor suppressors and oncogenes in cellular senescence. Exp 
Gerontol. 2000;35(3):317–29.

H. Healy et al.



39

16.	Webley K, Bond JA, Jones CJ, Blaydes JP, Craig A, Hupp T, et al. Posttranslational modifica-
tions of p53 in replicative senescence overlapping but distinct from those induced by DNA 
damage. Mol Cell Biol. 2000;20(8):2803–8.

17.	Coppe JP, Desprez PY, Krtolica A, Campisi J. The senescence-associated secretory phenotype: 
the dark side of tumor suppression. Annu Rev Pathol. 2010;5:99–118.

18.	Sturmlechner I, Durik M, Sieben CJ, Baker DJ, van Deursen JM. Cellular senescence in renal 
ageing and disease. Nat Rev Nephrol. 2017;13(2):77–89.

19.	van Deursen JM. The role of senescent cells in ageing. Nature. 2014;509(7501):439–46.
20.	Loo TM, Kamachi F, Watanabe Y, Yoshimoto S, Kanda H, Arai Y, et al. Gut microbiota pro-

motes obesity-associated liver cancer through PGE2-mediated suppression of antitumor 
immunity. Cancer Discov. 2017;7(5):522–38.

21.	Jun JI, Lau LF. The matricellular protein CCN1 induces fibroblast senescence and restricts 
fibrosis in cutaneous wound healing. Nat Cell Biol. 2010;12(7):676–85.

22.	Krizhanovsky V, Yon M, Dickins RA, Hearn S, Simon J, Miething C, et  al. Senescence of 
activated stellate cells limits liver fibrosis. Cell. 2008;134(4):657–67.

23.	Freund A, Orjalo AV, Desprez PY, Campisi J. Inflammatory networks during cellular senes-
cence: causes and consequences. Trends Mol Med. 2010;16(5):238–46.

24.	Coppe JP, Kauser K, Campisi J, Beausejour CM. Secretion of vascular endothelial growth fac-
tor by primary human fibroblasts at senescence. J Biol Chem. 2006;281(40):29568–74.

25.	Hubackova S, Krejcikova K, Bartek J, Hodny Z. IL1-and TGFbeta-Nox4 signaling, oxidative 
stress and DNA damage response are shared features of replicative, oncogene-induced, and 
drug-induced paracrine 'bystander senescence'. Aging (Albany NY). 2012;4(12):932–51.

26.	Nelson G, Wordsworth J, Wang C, Jurk D, Lawless C, Martin-Ruiz C, et al. A senescent cell 
bystander effect: senescence-induced senescence. Aging Cell. 2012;11(2):345–9.

27.	Kuznar-Kaminska B, Mikula-Pietrasik J, Witucka A, Romaniuk A, Konieczna N, Rubis B, 
et al. Serum from patients with chronic obstructive pulmonary disease induces senescence-
related phenotype in bronchial epithelial cells. Sci Rep. 2018;8(1):12940.

28.	Sapega O, Mikyskova R, Bieblova J, Mrazkova B, Hodny Z, Reinis M. Distinct phenotypes 
and 'bystander' effects of senescent tumour cells induced by docetaxel or immunomodulatory 
cytokines. Int J Oncol. 2018;53(5):1997–2009.

29.	Xu M, Pirtskhalava T, Farr JN, Weigand BM, Palmer AK, Weivoda MM, et  al. Senolytics 
improve physical function and increase lifespan in old age. Nat Med. 2018;24(8):1246–56.

30.	O'Sullivan ED, Hughes J, Ferenbach DA. Renal aging: causes and consequences. J Am Soc 
Nephrol. 2017;28(2):407–20.

31.	Tan H, Xu J, Liu Y. Ageing, cellular senescence and chronic kidney disease: experimental 
evidence. Curr Opin Nephrol Hypertens. 2022;31(3):235–43.

32.	Newbold KM, Sandison A, Howie AJ.  Comparison of size of juxtamedullary and outer 
cortical glomeruli in normal adult kidney. Virchows Arch A Pathol Anat Histopathol. 
1992;420(2):127–9.

33.	Nyengaard JR, Bendtsen TF. Glomerular number and size in relation to age, kidney weight, 
and body surface in normal man. Anat Rec. 1992;232(2):194–201.

34.	Hommos MS, Glassock RJ, Rule AD. Structural and functional changes in human kidneys 
with healthy aging. J Am Soc Nephrol. 2017;28(10):2838–44.

35.	Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the rate of decline in renal func-
tion with age. J Am Geriatr Soc. 1985;33(4):278–85.

36.	Glassock RJ, Winearls C. Ageing and the glomerular filtration rate: truths and consequences. 
Trans Am Clin Climatol Assoc. 2009;120:419–28.

37.	Stevens LA, Viswanathan G, Weiner DE. Chronic kidney disease and end-stage renal disease 
in the elderly population: current prevalence, future projections, and clinical significance. Adv 
Chronic Kidney Dis. 2010;17(4):293–301.

38.	Schmitt R, Cantley LG. The impact of aging on kidney repair. Am J Physiol Renal Physiol. 
2008;294(6):F1265–72.

39.	Ferenbach DA, Bonventre JV. Mechanisms of maladaptive repair after AKI leading to acceler-
ated kidney ageing and CKD. Nat Rev Nephrol. 2015;11(5):264–76.

3  Nephron Senescence and Mechanisms



40

40.	Melk A, Schmidt BM, Takeuchi O, Sawitzki B, Rayner DC, Halloran PF.  Expression of 
p16INK4a and other cell cycle regulator and senescence associated genes in aging human 
kidney. Kidney Int. 2004;65(2):510–20.

41.	Chkhotua AB, Gabusi E, Altimari A, D'Errico A, Yakubovich M, Vienken J, et al. Increased 
expression of p16(INK4a) and p27(Kip1) cyclin-dependent kinase inhibitor genes in aging 
human kidney and chronic allograft nephropathy. Am J Kidney Dis. 2003;41(6):1303–13.

42.	Valentijn FA, Falke LL, Nguyen TQ, Goldschmeding R. Cellular senescence in the aging and 
diseased kidney. J Cell Commun Signal. 2018;12(1):69–82.

43.	Baker DJ, Childs BG, Durik M, Wijers ME, Sieben CJ, Zhong J, et al. Naturally occurring 
p16(Ink4a)-positive cells shorten healthy lifespan. Nature. 2016;530(7589):184–9.

44.	Kim SR, Jiang K, Ferguson CM, Tang H, Chen X, Zhu X, et al. Transplanted senescent renal 
scattered tubular-like cells induce injury in the mouse kidney. Am J Physiol Renal Physiol. 
2020;318(5):F1167–F76.

45.	Melk A, Schmidt BM, Vongwiwatana A, Rayner DC, Halloran PF.  Increased expression of 
senescence-associated cell cycle inhibitor p16INK4a in deteriorating renal transplants and dis-
eased native kidney. Am J Transplant. 2005;5(6):1375–82.

46.	Sis B, Tasanarong A, Khoshjou F, Dadras F, Solez K, Halloran PF. Accelerated expression 
of senescence associated cell cycle inhibitor p16INK4A in kidneys with glomerular disease. 
Kidney Int. 2007;71(3):218–26.

47.	Verzola D, Saio M, Picciotto D, Viazzi F, Russo E, Cipriani L, et  al. Cellular senescence 
is associated with faster progression of focal segmental glomerulosclerosis. Am J Nephrol. 
2020;51(12):950–8.

48.	Verzola D, Gandolfo MT, Gaetani G, Ferraris A, Mangerini R, Ferrario F, et al. Accelerated 
senescence in the kidneys of patients with type 2 diabetic nephropathy. Am J Physiol Renal 
Physiol. 2008;295(5):F1563–73.

49.	Kitada K, Nakano D, Ohsaki H, Hitomi H, Minamino T, Yatabe J, et al. Hyperglycemia causes 
cellular senescence via a SGLT2-and p21-dependent pathway in proximal tubules in the early 
stage of diabetic nephropathy. J Diabetes Complicat. 2014;28(5):604–11.

50.	Matthews C, Gorenne I, Scott S, Figg N, Kirkpatrick P, Ritchie A, et  al. Vascular smooth 
muscle cells undergo telomere-based senescence in human atherosclerosis: effects of telomer-
ase and oxidative stress. Circ Res. 2006;99(2):156–64.

51.	Kovacic JC, Moreno P, Hachinski V, Nabel EG, Fuster V. Cellular senescence, vascular dis-
ease, and aging: part 1 of a 2-part review. Circulation. 2011;123(15):1650–60.

52.	Wang X, Bi X, Yang K, Huang Y, Liu Y, Zhao J. ROS/p38MAPK-induced Lamin B1 accumu-
lation promotes chronic kidney disease-associated vascular smooth muscle cells senescence. 
Biochem Biophys Res Commun. 2020;531(2):187–94.

53.	Aratani S, Tagawa M, Nagasaka S, Sakai Y, Shimizu A, Tsuruoka S. Radiation-induced pre-
mature cellular senescence involved in glomerular diseases in rats. Sci Rep. 2018;8(1):16812.

54.	McGlynn LM, Stevenson K, Lamb K, Zino S, Brown M, Prina A, et  al. Cellular senes-
cence in pretransplant renal biopsies predicts postoperative organ function. Aging Cell. 
2009;8(1):45–51.

55.	Koppelstaetter C, Schratzberger G, Perco P, Hofer J, Mark W, Ollinger R, et al. Markers of 
cellular senescence in zero hour biopsies predict outcome in renal transplantation. Aging Cell. 
2008;7(4):491–7.

56.	Ferlicot S, Durrbach A, Ba N, Desvaux D, Bedossa P, Paradis V. The role of replicative senes-
cence in chronic allograft nephropathy. Hum Pathol. 2003;34(9):924–8.

57.	Halloran PF, Melk A, Barth C. Rethinking chronic allograft nephropathy: the concept of accel-
erated senescence. J Am Soc Nephrol. 1999;10(1):167–81.

58.	Braun H, Schmidt BM, Raiss M, Baisantry A, Mircea-Constantin D, Wang S, et  al. 
Cellular senescence limits regenerative capacity and allograft survival. J Am Soc Nephrol. 
2012;23(9):1467–73.

59.	Park JY, Schutzer WE, Lindsley JN, Bagby SP, Oyama TT, Anderson S, et al. p21 is decreased 
in polycystic kidney disease and leads to increased epithelial cell cycle progression: roscovi-
tine augments p21 levels. BMC Nephrol. 2007;8:12.

H. Healy et al.



41

60.	Park JY, Park SH, Weiss RH. Disparate effects of roscovitine on renal tubular epithelial cell 
apoptosis and senescence: implications for autosomal dominant polycystic kidney disease. Am 
J Nephrol. 2009;29(6):509–15.

61.	Bukanov NO, Smith LA, Klinger KW, Ledbetter SR, Ibraghimov-Beskrovnaya O.  Long-
lasting arrest of murine polycystic kidney disease with CDK inhibitor roscovitine. Nature. 
2006;444(7121):949–52.

62.	Childs BG, Durik M, Baker DJ, van Deursen JM. Cellular senescence in aging and age-related 
disease: from mechanisms to therapy. Nat Med. 2015;21(12):1424–35.

63.	Zhu Y, Tchkonia T, Pirtskhalava T, Gower AC, Ding H, Giorgadze N, et al. The Achilles' heel 
of senescent cells: from transcriptome to senolytic drugs. Aging Cell. 2015;14(4):644–58.

64.	Mylonas KJ, O'Sullivan ED, Humphries D, Baird DP, Docherty MH, Neely SA, et al. Cellular 
senescence inhibits renal regeneration after injury in mice, with senolytic treatment promoting 
repair. Sci Transl Med. 2021;13(594):eabb0203.

65.	O’Sullivan ED, Mylonas KJ, Bell R, Carvalho C, Baird DP, Cairns C, et  al. Single cell 
analysis of senescent epithelia reveals targetable mechanisms promoting fibrosis. bioRxiv. 
2022:2022.03.21.485189.

66.	Li C, Shen Y, Huang L, Liu C, Wang J. Senolytic therapy ameliorates renal fibrosis postacute 
kidney injury by alleviating renal senescence. FASEB J. 2021;35(1):e21229.

67.	Hickson LJ, Langhi Prata LGP, Bobart SA, Evans TK, Giorgadze N, Hashmi SK, et al. Senolytics 
decrease senescent cells in humans: preliminary report from a clinical trial of Dasatinib plus 
quercetin in individuals with diabetic kidney disease. EBioMedicine. 2019;47:446–56.

68.	Baar MP, Brandt RMC, Putavet DA, Klein JDD, Derks KWJ, Bourgeois BRM, et al. Targeted 
apoptosis of senescent cells restores tissue homeostasis in response to Chemotoxicity and 
aging. Cell. 2017;169(1):132–47 e16.

69.	Hernandez-Segura A, de Jong TV, Melov S, Guryev V, Campisi J, Demaria M. Unmasking 
transcriptional heterogeneity in senescent cells. Curr Biol. 2017;27(17):2652–60 e4.

70.	Wiley CD, Flynn JM, Morrissey C, Lebofsky R, Shuga J, Dong X, et al. Analysis of individual 
cells identifies cell-to-cell variability following induction of cellular senescence. Aging Cell. 
2017;16(5):1043–50.

71.	Chang J, Wang Y, Shao L, Laberge RM, Demaria M, Campisi J, et al. Clearance of senes-
cent cells by ABT263 rejuvenates aged hematopoietic stem cells in mice. Nat Med. 
2016;22(1):78–83.

72.	Demaria M, Ohtani N, Youssef SA, Rodier F, Toussaint W, Mitchell JR, et al. An essential 
role for senescent cells in optimal wound healing through secretion of PDGF-AA. Dev Cell. 
2014;31(6):722–33.

73.	Docherty MH, Baird DP, Hughes J, Ferenbach DA. Cellular senescence and Senotherapies in 
the kidney: current evidence and future directions. Front Pharmacol. 2020;11:755.

74.	Yang L, Besschetnova TY, Brooks CR, Shah JV, Bonventre JV. Epithelial cell cycle arrest in 
G2/M mediates kidney fibrosis after injury. Nat Med. 2010;16(5):535–43, 1p following 143.

3  Nephron Senescence and Mechanisms



43© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2024
H. Kramer et al. (eds.), Kidney Disease in the Elderly, 
https://doi.org/10.1007/978-3-031-68460-9_4

Chapter 4
Mental Health Disorders: An Overlooked 
Aspect of Chronic Kidney Disease in Older 
Adults

Antonio Gabriel D. Corona, Linda G. Wang, and Maureen E. Brogan

A 65-year-old male was referred to the nephrology clinic by his primary care pro-
vider (PCP) for further evaluation and management of chronic kidney disease 
(CKD). He has a known past medical history of hypertension, type 2 diabetes mel-
litus, hyperlipidemia and arthritis. When asked about his kidney history, the patient 
shared he had been told his kidney function progressively worsened the past few 
years and is now at stage four.

The patient reports that over the past year, he has felt a general sense of fatigue 
and decrease in motivation to “live his life”. He does not feel like his “usual self” 
most of the time, and his wife and friends have pointed this out to him as well. As an 
example, the patient says he used to be an avid hiker. However, his last hike was 
over 6 months ago which is very unusual. He attributes this fatigue to inadequate 
rest at night, which leaves him feeling tired throughout the day. When asked if he 
thinks he is depressed, the patient replies, “Maybe.”
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�Introduction

Mental health disorders (MHD) are common in adults with CKD. Approximately 
1 in 4 patients suffer from any psychiatric illness with more than 7% of cases clas-
sified as “serious”, which is associated with significant functional impairment [1]. 
Because of its associations with poorer health outcomes and quality of life [2], 
MHD is an under-recognized complication of kidney disease and should be regarded 
as a growing public health concern.

Data on MHD within the context of CKD remains inadequate due to the hetero-
geneity of MHD psychiatric definitions and the difficulties disentangling mental 
health symptoms vs disease vs. the metabolic effects of CKD. Insomnia, for exam-
ple, is a recognized precursor to and manifestation of psychiatric disorders, but it 
can also exist as a primary psychiatric diagnosis. Sleeping patterns can also be influ-
enced by uremic factors in CKD.

Regardless, numerous descriptive studies have found associations of comorbid 
MHD in CKD with increased morbidity and mortality. Depression is a common 
reported disorder in this population [3] and is closely linked with an increased risk 
of hospitalizations and death [4]. Schizophrenia, anxiety, and substance abuse dis-
orders are also implicated as potential factors leading to more adverse events [5, 6]. 
One possible explanation for these poor outcomes of MHD in CKD is non-adherence 
to treatment plans, which applies not only to dialytic therapies [7], but also to medi-
cations [8]and diet [9]. Moreover, poorly controlled psychiatric disorders can pre-
clude access to kidney transplantation [10].

�A Prominent Issue in Older Adults

MHD remains an important concern for older populations. By the year 2040, more 
than 20% of the general population will be age 65 years and older and both CKD 
and MHD are diseases of older individuals. Physiologically, glomerular filtration 
rate begins to decline consistently after age 30 as part of the normal process of aging 
[11]. In the same manner, senescence itself presents many risk factors for develop-
ing MHD including neurovascular and structural changes in later life [12].

There’s a plethora of MHD present in CKD. Diagnosis and management remain 
challenging for various reasons relevant to the older adult population:

	1.	 Symptoms like fatigue are very pervasive in this cohort [13] and may mask, or 
even divert from the detection of, signs and symptoms of MHD.

	2.	 The older person with CKD is at risk for adverse pharmacologic effects.
	3.	 Lack of time with and access to providers limits access to mental health services 

and comprehensive wellness care [14].

A. G. D. Corona et al.
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Table 4.1  General approach to manage

Therapy must be initiated for the purpose 
of promoting an improvement in 
well-being and avoiding negative effects

 �� –  The exercise of balancing the benefits of the 
drug and the unintended side effects must be done 
constantly throughout the course of treatment

 �� –  The patient should be involved throughout the 
therapeutic decision-making process, as therapy 
should be contextual to the patient’s goals of 
treatment

Dosis sola facit venenum or “the dose 
makes the poison”

 �� –  Treatment should be started low and slow: 
Using the lowest effective dose possible and with 
sufficient time between dose up-titration

 �� –  Subsequent dose changes should be done with 
caution

The interdisciplinary team is an integral 
part of the management plan

 �� –  Referral to mental health wellness experts for 
supportive care is recommended especially for 
more complicated cases

 �� –  Patient quality of care is shown to be enhanced 
with this approach [18]

�Pharmacologic Beneficence and Non-maleficence

Older adults with CKD are vulnerable to the effects of polypharmacy, especially 
due to the reduced kidney clearance of psychopharmacologic medications [15]. 
Since most drugs are eliminated through the kidneys, reductions in glomerular fil-
tration, tubular secretion, and reabsorption affect the pharmacokinetic and pharma-
codynamic properties of these medications, and thereby increase the risk of serious 
drug reactions [16]. The hazards of polypharmacy in older persons are known, but 
unfortunately, it is not uncommon for older individuals with CKD to take more than 
ten medications daily [17].

These risks should not completely preclude treatment for MHD if a patient’s 
condition warrants medication use. Instead, presence of MHD should alert clinii-
cans on heightened need for medication stewardship. The general approach to man-
age patients with MHD are outlined in Table 4.1.

�Case Continued

You investigate his symptoms further and find that the patient has had persistent 
feelings of being sad and irritable for the past year. He feels tremendous guilt and 
disappointment in himself for not controlling his diabetes adequately and it has 
caused his kidneys to fail. After going through an immersive symptom checklist, you 
screen the patient for a depressive disorder.

4  Mental Health Disorders: An Overlooked Aspect of Chronic Kidney Disease…
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�Depression

Depression and CKD co-exist due to biological and socioeconomic factors affecting 
our patients. The brain-kidney axis is an evolving concept and knowledge continues 
to evolve [3]. These two organ systems, the kidney and brain, are linked via vascu-
lar, neurohormonal, and immunologic pathways that seem to operate bidirectionally 
when it comes to depression and CKD. Patients with depression are found to have 
an increased incidence of CKD, and patients with CKD are found to have an 
increased incidence of depression [19].

A major theory of how CKD leads to depression centers on derangements in the 
immune system that arise from the inflammatory milieu that results from increased 
cytokine production and reduced cytokine clearance with reduced glomerular filtra-
tion rate [20]. Elevated levels of inflammatory molecules and upregulation of gene 
expression of inflammatory pathways in depressive conditions can affect dopami-
nergic neurons in the central nervous system [21]. Immunosenescence and inflam-
mation are prominent findings in aging [22].

Lower household income, lower educational levels, and unemployment, factors 
seen more frequently in CKD [23], are associated with an increased risk of depres-
sion [24]. Adverse health-related behaviors such as smoking and sedentarism are 
common in depression and may lead to CKD progression [25]. Contrarily, CKD is 
associated with multiple lifestyle changes such as more restrictive diets and 
increased time in healthcare settings. Patients with advanced kidney disease also 
have a significant burden and impaired functionality, which is more pronounced in 
older individuals [26]. These factors can play a critical role in the development of 
depression in the setting of CKD.

�Diagnosing Depression

The diagnosis of depression can be challenging in older adults, especially in the 
setting of CKD.  The many potential obstacles for proper evaluation of patients 
(Fig. 4.1) with depression should be recognized. One of the most concerning barri-
ers is masked or misattributed symptoms of depression, which can be due to the 
presence of fatigue, polypharmacy, and cognitive impairments.

Fatigue is a shared experience in CKD and older adults and difficult to define and 
even more difficult to measure. Fatigue can be considered as a group of symptoms 
such as weakness, tiredness, and exhaustion that coalesce into a burdensome condi-
tion [27]. Kidney dysfunction and conditions that affect older adults share many 
factors that contribute to fatigue: anemia, hypogonadism, deconditioning, malnutri-
tion, and even pain [13, 28]. While fatigue and depression overlap and may coincide 
with each other, patients should be screened for depression after a complete medical 
workup for other possible illnesses.

A. G. D. Corona et al.
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Fig. 4.1  Biorender diagram

Polypharmacy is also associated with an increased risk of depression [29]. Most 
notably, beta blockers have been implicated in causing depressive symptoms, but 
more recent literature suggests this relationship may be based on protopathic bias 
[30]. Nevertheless, a number of drugs used in general medical practice are poten-
tially depressogenic [31] and may muddy the evaluation of a patient with an under-
lying mood disorder.

Finally, our brains undergo structural and neurovascular changes during senes-
cence and with decline of kidney function that can progress to cognitive impairment 
[32]. Clinically, it is difficult to differentiate between symptoms of cognitive impair-
ment, especially in earlier stages, to those of cognitive impairment associated with 
depression [33]. With the development of neurologic deficits affecting attention, 
memory and higher executive functions, the diagnosis may become even more com-
plicated [34].

Ultimately, what is needed for prompt diagnosis is an increased level of vigilance 
of depressive symptoms while caring for our patients. The selection of the most 
appropriate screening tool for patients with CKD is controversial. The Beck 
Depression Inventory II is the most studied tool [4] but it has its limitations. Notably, 
it has 21 items and can be intimidating or tedious for both patients and clini-
cians to use.

An interdisciplinary approach to managing depression can enhance the quality of 
care delivered [18]. Timely referrals to mental health wellness experts, after our 
primary assessment, are recommended for more comprehensive, subspecialized 
care. For our purposes, the Patient Health Questionnaire-2 (PHQ-2), which is argu-
ably the most used depression screening in clinical settings, can be a useful screen-
ing tool. Although the PHQ-2 does not have robust literature backing its use in 
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perons with CKD, it has utility in the initial assessment of our patients and is easily 
incorporated into our visits (Table 4.2).

The patient scores a four on the PHQ-2. You discuss starting him on an antide-
pressant. He is hesitant at first because he has never been on any of these medica-
tions in the past. Additionally, he worries about some of the side effects of the 
“uppers” he has heard about. He asks you if they will affect his kidneys.

�Initial Management of Depression

A number of studies have shown that the treatment of depression in the general 
population improves psychosocial and medical outcomes. However, improvements 
in psycosocial and medical outcomes have not been demonstrated with treatment of 
depression in the setting of CKD and end-stage kidney disease (ESKD) [36]. This 
lack of evidence may be due to most studies requiring a higher level of glomerular 
filtration rate for their inclusion criteria. Regardless, the lack of data should not dis-
suade us from treating our patients.

What we can extrapolate from existing research is that a combination of psycho-
therapy and antidepressants is more efficacious than either by itself [36] and this 
emphasizes the need for multidisciplinary and comprehensive care for our patients 
with depression.

Antidepressant medication stewardship is challenging in older patients with 
CKD for a number of reasons (Fig.  4.1) [37]. First, protein-binding capacity is 
reduced in CKD leading to a larger volume of distribution, possibly due to a uremic 
milieu [38]. This higher protein-binding capacity can affect antidepressant medica-
tions like tricyclic antidepressants.

Secondly, phosphate binders, which are commonly prescribed in CKD, may 
affect the absorption of other medications [39]. Not much has been studied but the 
recommendation is that patients should take their other medications separately to 
prevent any interference in drug absorption.

Third, the pill burden in the older adult population with advanced CKD is one of 
the highest among all conditions [40]. Due to the number of medications this cohort 
is prescribed to take on a daily basis, adherence has remained a persistent prob-
lem [41].

Last, there is unfortunately a scarcity of data to aid in the management of depres-
sion in an older individual with CKD [42]. Additionally, most depression studies 

Table 4.2  Patient Health Questionnaire [35]

Over the last 2 weeks, how often have you 
been bothered by the following problems?

Not at 
all

Several 
days

More than 
half the days

Nearly 
everyday

Little interest or pleasure doing things 0 1 2 3
Feeling down, depressed or hopeless 0 1 2 3

Scores of 3 or greater suggest a major depressive disorder is likely
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focus on younger age groups. Because of this, there is apprehension to provide 
therapeutics due to safety concerns.

�Choice of Antidepressant

The choice of initial antidepressant should rely on the patient’s medical history, 
other medications, and the drug’s safety profile. Limited efficacy should also be 
considered by providers when choosing the initial therapy. Selective serotonin reup-
take inhibitors (SSRIs) and serotonin and norepinephrine reuptake inhibitors 
(SNRIs) are the most widely-used class of antidepressants for older patients with 
kidney disease. Tricyclic antidepressants (TCAs) are less preferred agents because 
of their anticholinergic and cardiovascular side effects. Furthermore, TCAs are 
highly protein-bound and their pharmacokinetics may be greatly affected by hypo-
albuminemic, uremic or edematous states.

SSRIs are relatively more well-tolerated than SNRIs because they do not signifi-
cantly affect blood pressure, while the latter has been shown to modestly increase 
systolic and diastolic pressures at higher doses [43]. The syndrome of inappropriate 
ADH secretion is not exclusive to SSRIs as it is also caused by SNRIs [44]. Both 
classes can cause drowsiness, insomnia, dry mouth, constipation and sexual 
dysfunction.

Among the SSRIs, Sertraline at 50 mg daily has been studied in CKD with mixed 
findings [36, 45] but ultimately, offers the most potential benefits as a starting point 
of therapy, including improving intradialytic hypotension [46], fatigue [47] and ure-
mic pruritus [48]. Fluoxetine is not recommended as first-line treatment because of 
its long half-life and potential for multiple CYP450-mediated drug-drug interac-
tions [49]. Additionally, paroxetine has the greatest anticholinergic potential and 
should be avoided in older adults [50]. Citalopram and escitalopram are safe to use 
in older adults and have very low potential to inhibit cytochrome enzymes, reducing 
the risk of drug-drug interactions. Citalopram is linked to QT interval prolongation 
but no significant adverse cardiac outcomes have been associated with its use [51]. 
Both drugs can be considered as initial agents, although data regarding dosage guid-
ance is scarce. SNRIs have the additional advantage of being used as an adjunct for 
chronic pain [52]. Venlafaxine is an attractive choice for the older adult group 
because of its limited interactions with other drugs and its relatively safer side-effect 
profile [53]. Dose adjustment is needed in CKD due to accumulation of the parent 
drug and its metabolite. A starting dose of 18.75  mg daily is recommended. 
Duloxetine is not recommended for use in patients with creatinine clearance of less 
than 30 ml/min [54].

Mirtazapine, a noradrenergic and specific serotonergic antidepressant, is com-
monly prescribed for depression. There is limited pharmacologic data to guide its 
use in older adults and those with CKD. Dose reduction is likely necessary to reduce 
its hypnotic and sedating effects [54]. It may have the added benefit of being an 
effective orexigenic in anorexia and cachexia syndromes.
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As you discuss your management plan for CKD further with the patient, you 
notice that he starts fidgeting restlessly when you bring up the topic of hemodialysis. 
He asks you if hemodialysis is an unavoidable outcome. He says his father was a 
hemodialysis patient and that he remembers the burden it was on his family, includ-
ing the repeated admissions to the hospital. The patient says he is afraid he will end 
up on a similar path and this worries him constantly since he realized the severity 
of his condition.

�Anxiety

Anxiety is prevalent in patients with CKD and frequency and symptoms do differ by 
CKD stages [55]. The high prevalence of anxiety in CKD mirrors the anxiety preva-
lence in older adults [56] and comorbid anxiety, which is anxiety associated with 
medical conditions, is common in the older adult population as well [57]. Comorbid 
anxiety is often mistakenly attributed to an adjustment disorder, especially if the 
patient starts dialytic therapies, but both anxiety and an adjustment disorder can co-
exist. Adjustment disorders have multiple phenotypes that present with anxiety that 
extends beyond the scope of the stressor. Historical clues that may warrant addi-
tional workup or early psychiatric evaluation include irritability, excessive worry-
ing, difficulty concentrating, and fear of separation from home or close attachments. 
Several screening tests may be used for anxiety, but none are validated in the pres-
ence of CKD. Studies have used The Beck Anxiety Inventory, a 21-item self-report 
questionnaire which has been validated for use in the older patient population [58]. 
The General Anxiety Disorder 7 and the abbreviated General Anxiety Disorder 2 
(GAD-2) has also been studied in the older patient population [59]. With the pri-
mary assessment of psychiatric conditions, other medical issues must also be ruled 
out by the clinician, including thyroid disorders, dysrhythmias or underlying car-
diac issues, and substance use disorders.

There are extremely few studies outlining the initial therapeutic strategies for 
anxiety. Benzodiazepines and beta blockers should be avoided in older adults as 
first-line medications. The former can increase risk of falls and hip fractures [60], 
while the latter will not be as efficacious as other available anxiolytics and can cause 
depression and fatigue [61]. SSRIs and mirtazapine are safe first-line agents to use 
in older patients with CKD. Cognitive behavioral therapy should also be offered to 
patients with anxiety or depression as it has been shown to reduce psychiatric symp-
toms in those with CKD [62].

On review of systems, the patient also complains of poor sleep. He has trouble 
initiating sleep and staying asleep. There is a component of anxiety to his insomnia, 
but even during times he feels generally well, he wakes up multiple times in the 
evening and has trouble going back to bed. This usually leaves him very tired 
throughout the day. The patient takes long naps after lunch to keep him refreshed.
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�Insomnia

Insomnia is one of the most common complaints among patients, with over five mil-
lion office visits per year in the US [63]. Insomnia and poor sleep quality are espe-
cially common among patients with CKD. A systematic review and meta-analysis 
found that 46–68% of patients with advanced CKD but without kidney replacement 
therapy as well as patients receiving kidney replacement therapy and kidney trans-
plant patients had poor sleep quality. Insomnia was also significantly more prevalent 
in patients >60 years old [64].

Multiple underlying factors contribute to insomnia, such as psychiatric disor-
ders, neurological disorders, medical conditions and medications, or other sub-
stances. Older adults with CKD have a higher incidence of geriatric syndromes, 
such as polypharmacy, dementia, urinary incontinence, and malnutrition; all under-
lying conditions that can contribute to poor sleep [65]. The biological effects of 
CKD itself can impact sleep quality. Autonomic reflex function impairment can 
cause hyperactivity of the sympathetic nervous system and decreased vagal tone 
[66]. High levels of parathyroid hormone, which is often associated with bone pain 
and pruritis, are linked with prevalence of insomnia in patients on hemodialysis. 
Not surprisingly, patients with more time spent on hemodialysis are at significantly 
higher risk of insomnia. Patients dialyzed during the morning shift also had an 
increased risk of insomnia compared to those dialyzed in the afternoon [67].

Diagnosis of insomnia is primarily a clinical diagnosis, with information obtained 
from the patient and collateral information obtained from family and caregivers. 
Physical examination and laboratory studies have limited value in diagnosing 
insomnia, however, it may lead to diagnosis of other underlying medical conditions 
that contribute to insomnia. Polysomnography is not required unless evaluating for 
underlying sleep disorders such as obstructive sleep apnea or restless leg syndrome. 
Evaluation for insomnia requires a comprehensive approach, as insomnia is usually 
a symptom of other comorbid medical conditions. Assessment should include a 
detailed sleep history to describe the sleep problem, a review of comorbid condi-
tions, lifestyle components, and current medication use and timing of use. Reporting 
of specific symptoms occurring during sleep may lead to diagnosis of other underly-
ing sleep disorders. Due to the complex nature of diagnosing insomnia and the 
heavy reliance on patient-reported information, a sleep diary is a useful tool to 
record data on symptoms and their fluctuation or progression, sleep habits, medica-
tion use, etc. A sleep diary helps keep information more objective, formal and con-
sistent, thus reducing recall bias [68]. Validated screening tools for insomnia, such 
as the Pittsburgh Sleep Quality Index [69] or the Insomnia Severity Index [70] can 
be useful in obtaining objective information.

Data on treatment of insomnia in patients with CKD remain limited and more 
research is needed to support specific treatments, especially pharmacological inter-
ventions. Treatment of insomnia, like diagnosis, requires a comprehensive and mul-
tifactorial approach. The goal of treatment is to improve sleep, both subjectively and 
objectively, as well as improve quality of life. General approach to treatment of 
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insomnia should focus on treating any reversible underlying conditions (e.g., medi-
cal conditions, psychiatric conditions, substance abuse, acute stressors, polyphar-
macy, and medication side effects). This may include optimizing treatment for 
kidney disease, optimizing kidney replacement therapy, or even kidney trans-
plant [71].

Ideally, treatment of insomnia in older adults with CKD should emphasize non-
pharmacological treatment over pharmacologic treatment. Multiple studies have 
shown the efficacy of cognitive behavioral therapy in treating insomnia (CBT-I) 
compared to pharmacological therapy. CBT-I has longer-lasting benefits, lower 
adverse effects, and increased efficacy in the treatment of insomnia in patients with 
coexisting medical and psychiatric conditions [72]. Studies have also shown that 
CBT-I is effective in treating insomnia in patients with CKD as well [73].

Physical exercise has beneficial effects on many aspects of health, including 
slowing the decline of kidney function [74], maintaining cognitive function [75], 
and improving quality of sleep in older adults within the general population [76]. 
Evidence of physical exercise on improving the quality of sleep in patients with 
CKD is scant, but a couple of systematic reviews have found that physical exercise 
can improve sleep quality, improve fatigue, and improve symptoms of depres-
sion [77].

Pharmacological treatment of insomnia in older adults with CKD should start 
with evaluation for polypharmacy and consideration of medication side effects that 
contribute to insomnia. Therefore, deprescribing unnecessary medications will 
reduce medication side effects and decrease pill burden. If certain medications can-
not be discontinued, then consideration of reducing medication dosages can also 
reduce medication side effects [78]. Initiating pharmacological treatment for insom-
nia is not first-line treatment and requires individualized tailoring, especially in 
older adults. The use of hypnotic benzodiazepines and non-benzodiazepine receptor 
agonist (nonBZRAs) hypnotics ((e.g., zolpidem, eszopiclone, zaleplon) in CKD 
patients are associated with increased mortality [79]. In addition, many of the medi-
cations commonly prescribed to treat insomnia are on the Beers Criteria, which lists 
potentially inappropriate medication use in older adults [80]. Medications such as 
TCAs are highly anticholinergic; hypnotic benzodiazepines (e.g. temazepam, quaz-
epam, triazolam) and nonBZRAs hypnotics are highly sedating, worsen cognitive 
impairment, are deliriogenic, and increase risk for dependence and abuse. Sedating 
antipsychotics are also highly sedating, causing increased risk for falls, and there is 
a black box warning that antipsychotics in older adults increase mortality.

Melatonin is a common over-the-counter medication that is prescribed for treat-
ment of insomnia. Ramelteon is a melatonin receptor agonist that has a similar 
mechanism of action as melatonin. Both can help facilitate sleep on set and manage 
circadian rhythm disorders. Melatonin and ramelteon have low medication side 
effects and are generally well-tolerated. Systematic reviews of melatonin and 
ramelteon use in the treatment of insomnia have shown modest improvement in 
reducing sleep latency and increasing total sleep time [81]. Patients with CKD have 
low nocturnal melatonin secretion as well as lack the circadian rhythm in melatonin 
secretion [82]. Therefore, exogenous melatonin supplementation has been shown to 
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be beneficial in improving sleep quality [83]. Melatonin is also the first-line treat-
ment for insomnia associated with rapid eye movement sleep behavior disorder, 
found in neurodegenerative diseases such as dementia with Lewy bodies and 
Parkinson’s disease [84].

If a medication is required to treat insomnia, and melatonin is ineffective, a non-
BZRA hypnotic would be recommended as a first-choice medication, especially for 
the treatment of acute insomnia. NonBZRA hypnotics are FDA-approved for the 
treatment of insomnia; it has a relatively short half-life, and it does not need to be 
dose adjusted for kidney impairment or dialysis. However, its use should be limited 
to less than 4 weeks and in cases of chronic insomnia, concurrent use of a nonBZRA 
hypnotic can be used initially while patients receive CBT-I treatment, with the 
intention of weaning off the nonBZRA hypnotic. If pharmacologic treatment with 
non-preferred medications, such as sedating antipsychotics or benzodiazepines, is 
required due to difficult-to-manage behavioral disturbances from underlying cogni-
tive impairment/dementia, the patient should receive co-management from a geriat-
ric psychiatrist for additional medication management. Other agents such as 
over-the-counter sleep aids and antihistamines are not recommended for use in 
treatment of insomnia. Be aware that some medications have a lower maximum 
dose recommendation for older adults compared to younger patients, and always 
dose-adjust based on kidney function. As is true for initiation of all medications in 
older adults, the adage “start low and go slow” (i.e., start with the lowest dose and 
increase the dose slowly) also applies to the initiation of medications to treat 
insomnia.

Lastly, the patient is initially reluctant to address the questions regarding his 
sexual history. He volunteers that he has been having problems getting erections, 
which has caused him embarrassment. Because of this, he has tried to avoid initiat-
ing intercourse with his wife, which he admits has caused some strain on their 
relationship.

�Sexual Dysfunction

Based on observational studies using validated and unvalidated screening tools, 
sexual dysfunction (SD) appears common among females and males with chronic 
kidney disease [85, 86]. Trying to separate SD into medical or psychiatric etiologies 
has made standardization of the definition difficult. SD seems to rise as GFR 
(Glomerular Filtration Rate) declines, however, most studies explored sexual dys-
function in later stages of kidney disease. Sexual health in patients with CKD 
adversely affects well-being indicated by dialysis health-related quality of life 
(HRQoL) scores.

The etiology of sexual dysfunction is multifactorial. The multiple comorbidities 
that patients with CKD possess, including diabetes, hypertension, anemia and vas-
cular disease, and their treatment side effects compound the problem. Sexual dis-
satisfaction may also be related to fatigue and depressed mood affecting lack of 
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interest. Toorians et al. point out that lack of libido may be the main cause of SD 
[87]. The prevalence of depression among patients with CKD could be as high as 
25–30% and this can be a strong factor linked to sexual dysfunction [88]. Other bar-
riers to achieving optimal sexual health specific to CKD patients include difficulty 
discussing their illness and required treatments with a partner and negative self-
image related to dialysis access [89]. Despite being a frequent problem, sexual dys-
function among patients with CKD is not well defined, and there is little research on 
mechanism and treatment for this important contributor to a patient’s life quality.

�Sexual Dysfunction

Declining kidney function in male patients with CKD affects the hypothalamic-
pituitary-gonadal axis causing hypogonadism. CKD is associated with low total and 
free testosterone and hyperprolactinemia [90]. Testosterone levels decline as the 
GFR declines [91]. Medications routinely used for patients with CKD may also 
lower androgen levels such as renin-angiotensin system blockers and calcineurin 
inhibitors [92]. Hypogonadism is also a risk factor in patients with ESKD (end-
stage kidney disease) from their other comorbidities: older age, diabetes and obe-
sity. Most men with ESKD and hypogonadism have sexual dysfunction. The most 
common complaint is erectile dysfunction [92]. Testosterone replacement, in small 
studies, may improve sexual function but it does not come without potential suscep-
tibly of prostate cancer and cardiovascular risks [91]. Medication to treat hyperten-
sion such as central-acting agents and beta blockers contribute to sexual dysfunction 
[93]. Phosphodiesterase inhibitors can be prescribed to appropriate patients with 
erectile dysfunction not taking nitrates. Kidney transplantation does not completely 
reverse the hypogonadism caused by uremia. Peritoneal dialysis may be associated 
with a lower prevalence of SD, but residual kidney function is preserved longer with 
this modality.

While there is a paucity of data on sexual dysfunction in females, it is known that 
female patients with CKD have hormonal imbalances such as high prolactin levels 
and low estrogen, which cause anovulation, menstrual irregularities and low sex 
drive. Low estrogen levels also lead to early menopause and side effects include 
vaginal dryness and dyspareunia.

Luckily, hormonal imbalances are not permanent. Erythropoiesis Stimulating 
Agents (ESA), intensive dialysis and kidney transplantation can improve sexual 
well-being. ESA, however, comes with its side effects including increasing cardio-
vascular outcomes, thrombosis, and risk of cancer. Nocturnal hemodialysis, in small 
studies, may also help control hormonal irregularities and may be an option for 
those who are waitlisted or unable to get a kidney transplant. Proper education and 
counseling are required of the transplant team.

SD among patients with CKD and is often caused by a complex array of overlap-
ping illnesses, medication side effects, psychosocial factors, and primary and sec-
ondary hormonal imbalances. Fortunately, most dialysis units have adopted 
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patient-centered approaches to preferences and treatment. Multidisciplinary teams 
may be useful in providing counseling and support with nonpharmacological 
approaches [85]. Discussions about sexual health or lack of should become routine. 
Providing proper clearance at dialysis, treatment of anemia and careful medication 
review for side effects are some easily modified practices that can be instituted. 
Hormone replacement may be an option for low libido in the appropriate patient. 
Patients should be aware kidney transplantation can reverse some of the symp-
toms of SD.

The prevalence of SD among patients with CKD should be evaluated using vali-
dated screening tools and updated definitions. SD should be distinguished from lack 
of sexual interest and activity [94]. Patients’ perceptions and the impact of gender 
identity should be considered in future questionnaires [95]. Since the incidence of 
CKD requiring kidney replacement therapy will double by 2030, modifiable risk 
factors and iatrogenic causes need to be addressed to improve sexual health.
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Chapter 5
Geriatric 5Ms in Patients with Kidney 
Disease

Nitzy N. Muñoz Casablanca, Ko Harada, and Yuji Yamada

�Mind

�Dementia

The first M in the 5Ms of Geriatric care is Mind. Previous epidemiologic data sug-
gest that patients at any stage of CKD have a higher risk of developing cognitive 
disorders and dementia. For instance, in studies of patients receiving maintenance 
hemodialysis, the prevalence of cognitive impairment has ranged from 30% to 60% 
[1] and is attributed to a high prevalence of both symptomatic and asymptomatic 
ischemic cerebrovascular lesions. Other potential mechanisms include direct neuro-
nal injury by uremic toxins and cerebral microbleeds [1]. Furthermore, alternate 
etiologies such as Alzheimer’s disease may also contribute. The US Preventive 
Services Task Force currently does not recommend for or against routine screening 
for dementia in older adults due to insufficient evidence that earlier detection will 
improve outcomes [2]. However, observed cognitive difficulty during a patient 
encounter should prompt an initial cognitive assessment and appropriate consulta-
tion as needed because early interventions are critical to slow down the progression 
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of cognitive decline and/or allow the addition of pharmacologic agents. Moreover, 
cognitive impairment may interfere with the overall capacity for self-care and hin-
der the capacity for informed decision-making [3].

There are several cognitive tools available for clinicians to assess cognition 
including MMSE, MoCA, and Mini-Cog.

�Mini-Mental State Examination (MMSE)

The MMSE is the best-known and most frequently used test worldwide. It is a 
30-point cognitive function test consisting of 11 items: time registration, place reg-
istration, immediate and delayed playback of three words, calculation, object nam-
ing, sentence recitation, three levels of verbal commands, written commands, 
written writing, and graphic imitation [4]. A score of 23 or below is suspicious for 
dementia.

The MMSE was originally developed as a method to identify cognitive impair-
ment of various etiologies in patients admitted to psychiatric wards [4]. However, it 
has since been primarily used for outpatient screening and has been validated for 
this purpose. The MMSE exhibits a pooled sensitivity of 81% and a pooled specific-
ity of 89% for identifying dementia. When used to assess patients for mild cognitive 
impairment (MCI), the MMSE was reported to have a sensitivity of 62.7% and a 
specificity of 63.3% [5].

The MMSE score is unique in that it is composed of three major components: 
verbal, memory, and construction abilities. For this reason, the MMSE is considered 
best suited to identify patients with mild to moderate Alzheimer’s disease who are 
characterized by these impairments [6].

�Montreal Cognitive Assessment (MoCA)

The MoCA is another well-known screening tool specifically designed to detect 
mild cognitive impairment. Like the MMSE, the MoCA is scored on a 30-point 
scale with items that assess delayed word recall (5 points), visuospatial/executive 
function (7 points; includes clock drawing), language (6 points), attention/concen-
tration (6 points), and orientation (6 points).

The MoCA exhibits a pooled sensitivity of 89% and a pooled specificity of 75% 
for identifying MCI.  Similarly, it has a pooled sensitivity of 91% and a pooled 
specificity of 81% for identifying dementia.

�Mini-Cog™

The Mini-Cog is a screening test that combines immediate and delayed playback of 
three unrelated words with clock drawing [7]. Patient receives 1 point for each word 
spontaneously recalled without cueing, and 2 points for a normal clock depiction. 
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Clock drawing is assessed dichotomously as either normal with all numbers appear-
ing in the correct order and the hands correctly indicating the given time, or abnor-
mal. A cut point of <3 with failure to recall all three words, or failure to recall one 
to two words and abnormal clock drawing, is considered suspicious for cognitive 
dysfunction. Conversely, if the patient can recall all three words or if the clock 
drawing is normal with recall of one to two words, the patient is considered to be 
free of cognitive impairment.

When compared to other existing screening methods like the MMSE, the Mini-
Cog is unique in that it is considered a language-independent assessment. It was 
initially tested on 249 subjects, of whom 124 were non-English speakers and the 
Mini-Cog assessment proved accurate in these subjects as well [8]. Since its valida-
tion, a series of study reports used the Mini-Cog have been published. While the 
Mini-Cog has been reported to have sufficient sensitivity (91%) to identify patients 
with dementia in primary care settings, its specificity is relatively low (54–86%) [5, 
9]. The assessment is also not suitable for identifying patients with MCI (sensitivity 
39–84%, specificity 73–88%). These data suggest that the Mini-Cog is suited to rule 
out dementia over a short period of time (approximately 3 min), but may be an inad-
equate assessment for other purposes (Table 5.1).

�Delirium

Delirium is characterized by an acute, transient, and potentially reversible change in 
cognition. Causes of delirium that are relevant for patients with CKD include the 
following [3]:

	1.	 Uremic encephalopathy.
	2.	 Electrolyte disturbances.
	3.	 Medications.
	4.	 Hypotension during dialysis.

Table 5.1  Comparison of cognitive assessment tools for identifying dementia [5]

Time Sensitivitya Specificitya Characteristics

MMSE 5–10 min 81% 89% Most widely used assay in clinical practice 
worldwide. Relatively low sensitivity. Use is 
restricted by copyright

Mini-
cog

3 min 91% 86% Can be performed in a short time, even in a busy 
outpatient setting, and has sensitivity and 
specificity comparable to MMSE. Not suitable for 
follow-up

MoCA 10 min 91% 81% Originally developed to screen for mild cognitive 
impairment (MCI), it shows strength in the 
assessment of MCI. Freely accessible for clinical 
use at the MoCA website

aPooled sensitivity and specificity for identifying dementia are shown

5  Geriatric 5Ms in Patients with Kidney Disease



64

	5.	 Cerebrovascular disease.
	6.	 Dialysis disequilibrium syndrome.

Delirium and dementia can coexist, making it difficult to distinguish between 
these disorders. The Confusion Assessment Method (CAM) is a standardized 
evidence-based tool used to identify delirium in clinical settings. The CAM consists 
of four criteria, namely (1) a change in mental status with an acute onset and/or 
fluctuating course, (2) inattention, (3) disorganized thinking and/or (4) altered level 
of consciousness. The diagnosis of delirium by CAM requires the presence of fea-
tures 1 and 2 and either 3 or 4. The tool has been found to have high sensitivity and 
specificity (both >90%) [10].

The 3D-CAM [11], which stands for “3-minute diagnostic interview for CAM 
defined delirium”, is depicted below (Table 5.2). Among the criteria, confirmation 
of inattention by the clinician is particularly important since the other two criteria 
are easy to confirm based on nurses’ report. Confirmation of inattention is usually 
achieved by asking patients to do one of the following: (1) recite days of the week 
backward, (2) recite months of the year backward, and (3) counting 30 to 1 backward.

�Depression

Another issue for Mind, the first M in the 5 Ms of Geriatrics is depression because 
the most common psychiatric disorder observed in patients treated with dialysis is 
unipolar major depression (major depressive disorder) [12]. Depression is associ-
ated with reduced adherence to treatment for ESKD, as well as increased hospital-
ization and mortality regardless of dialysis adequacy [13]. Risk of depression 
increases with age and late-life depression often goes undetected and may have a 

Table 5.2  3D-CAM [11]

Type of 
assessment Acute, fluctuating Inattention

Disorganized 
thinking

Altered level of 
consciousness

Patient 
responses

Ask if patient 
experienced the 
following in the past 
day:
Being confused;
Thinking that they 
are not in the 
hospital;
Seeing things that 
are not really there

Ask patient to 
say days of the 
week or months 
of the year 
backward

Ask patient to state 
the current year, the 
day of the week, and 
the type of place

None

Interviewer 
observations

Fluctuations in the 
level of 
consciousness, 
attention, thinking, 
or speech

Trouble keeping 
track of the 
interview

Unclear or illogical 
flow of idea;
Rambling or
Limited speech

Sleepy,
Stuporous or 
comatose;
Hypervigilant
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Table 5.3  The five-item Geriatric Depression Scale [15]

1 Are you basically satisfied with your life?
2 Do you often get bored?
3 Do you often feel helpless?
4 Do you prefer to stay at home rather than going out and doing 

new things?
5 Do you feel pretty worthless the way you are now?
Two out of five depressive responses including “no” to question 1 or “yes” to question 2 
through 5 suggests a diagnosis of depression

significant adverse impact on patients’ quality-of-life [14]. Several screening tools 
have been developed for depression, but the five-item Geriatric Depression Scale 
(GDS) has been most frequently studied among older adults in multiple settings 
[15]. This instrument consists of the following five questions (Table 5.3).

Another available screening tool to identify depression is the Patient Health 
Questionnaire (PHQ-9). The PHQ-9 has been validated in adult patients with kid-
ney failure on maintenance dialysis and deemed to performed best for a depressive 
diagnosis at a value of 10 or greater among the cohort with both sensitivity and 
specificity of 92% [16].

�Mobility

�Falls Assessment

The second M in the 5 Ms of Geriatric care is mobility. Impaired mobility and falls 
are common in older adults. Falls are a major clinical concern among older adults 
due to their association with increased risk of serious injuries and hospitalization. In 
addition, falls represent a significant cost burden for the health care system overall. 
Fall assessment is very relevant in patients with CKD since this population is more 
susceptible to falls, fall-related fractures, hospitalizations, and death [17].

Screening for fall risk is an essential initial step in fall prevention. Initial screen-
ing involves asking patients the following three questions [18]:

	1.	 Have you had two or more falls within the past 12 months?
	2.	 Have you had a fall with injury?
	3.	 Do you have any problems with gait or balance?

Patients who answer “yes” to any of the screening questions need further evalu-
ation to determine their fall risk. Having fallen in the past year is a strong predictor 
of future falls. Nevertheless, older persons reporting only a single fall and reporting 
or demonstrating no difficulty or unsteadiness during the evaluation of gait and bal-
ance do not require a fall risk assessment [18].
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The Timed Up and Go test (TUG) is another helpful tool to assess mobility and 
fall risk. It measures how long it takes a person to rise from a chair, walk three 
meters, turn, walk back, and sit down again (Table 5.4). An older adult who takes 
≥12 seconds to complete the TUG is also at risk of falling [19, 20]. These initial 
assessments must be followed by a comprehensive evaluation and the formulation 
of a strategy to address identified risk factors. The likelihood of falling increases 
significantly as the number of risk factors rises.

�Frailty Assessment

Frailty is a major inhibitor for mobility. Frailty is characterized by multisystem 
dysregulations that result in a loss of dynamic homeostasis and diminished physio-
logic reserve, which may in turn lead to adverse health outcomes, increased 

Table 5.4  Timed Up and Go test

Directions

Patients wear their regular footwear and can use an assistive device, if needed. 
Begin by having the patient sit back in a standard armchair and identify a line 3 
meters, or 10 feet away, on the floor

Instruct the patient
Stand up from the chair
Walk to the line on the floor at your normal pace
Turn
Walk back to the chair at your normal pace
Sit down again

Timing
On the word “go,” begin timing. Stop timing after the patient sits back down. 
Record time

Factors to note
Sitting balance
Transfers from sitting to standing
Pace and stability of walking
Ability to turn without staggering

Modified qualitative scoring
No fall 
risk

Well-coordinated movements, without walking aid

Low fall 
risk

Controlled, but adjusted movements

Some fall 
risk

Uncoordinated movements

High fall 
risk

Supervision necessary

Very high 
fall risk

Physical support of stand by, physical support necessary
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healthcare costs, and shorter survival [21]. While there is an association between 
mobility impairment and frailty, the latter entails the cumulative effect of medical, 
functional, and psychosocial deficits.

The prevalence of frailty among older adults living in the community is esti-
mated to be 11%, and it is frequently seen among those with CKD [22]. Previous 
studies have reported a frailty prevalence of more than 60% in patients receiving 
maintenance dialysis [23, 24]. In addition, frailty is independently associated with 
unfavorable clinical outcomes in all stages of CKD, with a higher risk of mortality 
and hospitalization [25].

When selecting a frailty screening instrument, there are varieties of options 
available. The most frequently cited tool for assessing frailty is the Fried frailty 
phenotype, which defines frailty as the presence of five components: weakness, 
slowness, exhaustion, low physical activity, and unintentional weight loss [26]. 
Individuals can be classified as robust, pre-frail, or frail depending on the number of 
components scored (0 components, 1–2 components, or  ≥  3 components, 
respectively).

A clinical frailty scale (CFS) was proposed in an effort to produce a simple 
worldwide assessment of frailty for screening purposes [27]. The CFS identifies 
eight categories with increasing degrees of frailty and a ninth category for termi-
nally ill patients (Table 5.5). In comparison to other measures for diagnosing frailty, 
the CFS’s simplicity is its best feature. In addition, the CFS permits the monitoring 
of changes in the severity of frailty over time. It has been demonstrated that the CFS 
has similar predictive properties to the Fried frail phenotype in the general popula-
tion and a higher CFS score is associated with an increased risk of mortality in 
patients with pre-dialysis CKD as well as those on dialysis [28, 29].

�Medications

The third M in Geriatric care is medications because polypharmacy is common in 
older adults with all stages of CKD, including those receiving maintenance dialysis. 
Patients with CKD at stages 2–5 take an average of eight different medications, 
while those on dialysis take an average of 10–12 [29–32]. In the older adult popula-
tion with CKD/ESRD, several factors like age-related physiological changes, inad-
equate nutritional status, and kidney disease-related abnormalities alter the 
pharmacokinetics and pharmacodynamic properties of drugs. These physiologic 
deviances along with the increased prevalence of multimorbidity and the “prescrib-
ing cascade” (i.e. the prescription of one drug to treat the side effects of another) 
increase the risk of medication-related complications [33, 34]. Previous studies 
have reported that 13– 96% of prescriptions for patients with impaired renal func-
tion contain errors such as inappropriate doses or intervals, contraindications, or 
precautions related to renally inappropriate medications [34, 35]. Furthermore, it is 
estimated that the overall incidence of adverse drug reactions is 3–10 times higher 
in older adults with CKD than in those without it [36]. Polypharmacy and the 
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Table 5.5  Clinical Frailty Scale

1 Very fit People who are robust, active, energetic, and motivated. They tend to 
exercise regularly and are among the fittest for their age

2 Fit People who have no active disease symptoms, but are less fit than category 1. 
They exercise or are very active occasionally, e.g., seasonally

3 Managing 
well

People whose medical problems are well controlled, even if occasionally 
symptomatic, but often are not regularly active beyond routine walking

4 Living with 
very mild 
frailty

Previously “vulnerable”, this category marks early transition from complete 
independence. While not dependent on others for daily help, symptoms often 
limit activities. A common complaint is being “slowed up” and/or being tired 
during the day

5 Living with 
mild frailty

People who often have more evident slowing, and need help with high order 
instrumental activities of daily living (finances, transportation, heavy 
housework). Typically, mild frailty progressively impairs shopping and 
walking outside alone, meal preparation, taking medications appropriately, 
and begins to restrict light housework

6 Living with 
moderate 
frailty

People who need help with all activities outside and with managing a 
household. In the home, they often have problems with stairs and need help 
with bathing and might need minimal assistance (cuing, standby) with 
dressing

7 Living with 
severe frailty

Completely dependent for personal care, from whatever cause (physical or 
cognitive). Even so, they seem stable and not at high risk of dying (within 
~6 months)

8 Living with 
very severe 
frailty

Completely dependent for personal care and approaching end of life. 
Typically, they could not recover even from a minor illness

9 Terminally ill Approaching the end of life. This category applies to people with a life 
expectancy <6 months, who are not otherwise living with severe frailty. 
(Many terminally ill people can still exercise until very close to death.)

prescription of potentially inappropriate medications (PIM) in older adults also 
have associations with increased risk of falls, nonadherence, healthcare costs, and 
death [37–41].

Recognition of the multilayered impact of medication utilization has refocused 
the designation of polypharmacy beyond the traditional numerical cutoff of ≥5 
medications to incorporate the appropriateness and safety of therapy. Several strate-
gies have been developed to reduce the risk of medication-related complications, 
especially in susceptible individuals. The American Geriatrics Society Beers 
Criteria® for Potentially Inappropriate Medication Use in Older Adults [42] is a 
readily available compendium of medications that should be used with caution or 
avoided in older people due to evidenced-based unfavorable balance of benefits and 
harms. The recommendations, first developed in 1991 and last updated in 2023, are 
graded by quality and strength of evidence, and divided into categories according to 
considerations such as medications that should be dosed differently or should be 
avoided in reduced kidney function/estimated creatinine clearance. A recent retro-
spective observational study conducted in US assessed the risk of PIM, as defined 
by Beers Criteria, in adults with CKD participating in the Chronic Renal Insufficiency 
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Cohort. About 80% of the cohort reported use of PIM, with increasing prevalence in 
the older participants. The most frequently prescribed PIMs in older adults were 
proton pump inhibitors and α-blockers [37]. Another cross-sectional study con-
ducted in Japan extended the Beers Criteria to older adult patients on hemodialysis 
and, similarly, found that prescription of PIM was common, and the three most 
frequently prescribed PIMs were H2 blockers, antiplatelet agents, and α-blockers [43].

There are other helpful tools and interventions that may be used in conjunction 
with the Beers Criteria for guiding treatment decisions and improving medication 
safety. The Screening Tool of Older Persons’ Potentially Inappropriate Prescriptions 
(STOPP) and the Screening Tool to Alert doctors to Right Treatment (START) are a 
set of criteria used in the clinical setting to determine appropriateness of initial pre-
scribing and evaluate existing medication regimens including potential prescribing 
omissions (PPO) [34]. While the tools were developed to evaluate medication use in 
older patients and not in specific disease populations, a study conducted by Parker 
et  al. showed effectiveness of using STOPP/START criteria to identify PIM and 
reduce the number of PPO in older adults with CKD [44]. Lastly, multiple studies 
suggest that collaboration with pharmacists helps reduce polypharmacy because 
they can assist with medication reconciliation, identify PIM use, promote depre-
scribing, and counsel patients [45–47].

�Multi-Complexity

The first three Ms in the 5Ms of Geriatric care focused on individual issues but the 
fourth M targets multi-complexity or embracing the whole person and integrating 
their biopsychosocial heterogeneity. The concept of multi-complexity encompasses 
the presence and burden of multiple comorbidities, geriatric syndromes, and serious 
illnesses [48]. It also includes the assessment of social concerns such as financial 
issues and social isolation while gauging the impact of cognitive changes in health 
outcomes and highlighting the management of complex psychosocial needs.

When caring for older adults with CKD/ESKD, a nephrologist must consider the 
implications related to age and disease. Older adults with CKD are at increased risk 
for serious complications like cardiovascular disease, anemia, malnutrition, and 
infections [49–51]. When older adults with CKD develop medical comorbidities, 
they tend to have limited treatment options as decreased kidney function often 
makes it difficult to select renally-excreted drugs and increases the risk of medica-
tion side effects [52] . These issues complicate care planning for this population. 
Moreover, patients may have psychological and social complexities that limit treat-
ment strategies. Providing comprehensive care for older adults with CKD can be 
challenging in busy practices, but implementing age-friendly strategies can be 
achieved with integration of interdisciplinary teams.
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�Multidisciplinary Team Approach

The multi-complexity of older adults with CKD requires a multidisciplinary team 
approach. Older adults have a wide variety of complex needs, ranging from varia-
tions in physical agility and abilities to conduct daily activities to impairments in 
mental health, and variable levels of social support. Therefore, it is critical to use a 
multidisciplinary team approach when caring for older adults, especially those with 
CKD. Several studies have evaluated the benefits of multidisciplinary care in CKD, 
particularly in the outpatient setting, and found evidence of improved patient out-
comes when compared to traditional nephrology care delivery models. Improvements 
in care with a multidisciplinary approach were demonstrated in fistula rates, hospi-
talization, CKD progression, and mortality [53].

�Transition of Care

Multi-complexity also requires caution when transitioning care. The term ‘Transition 
of Care’ refers to the coordination process that aims to ensure adequate continuity 
of care for patients as they transition to a different level of care or between facilities. 
When caring for patients with CKD, attention to care transitions is critically impor-
tant. For example, randomized trials have shown that education and psychosocial 
support result in the delayed need for dialysis and improved survival after dialysis 
initiation when provided to patients as their kidney disease progresses and they 
prepare to transition to dialysis [54]. Likewise, older age and CKD at any stage are 
associated with hospitalizations. To prevent errors of omission or commission dur-
ing the inpatient/outpatient transitions of care, a thorough medication reconciliation 
should be performed. Optimal management of care transitions should also include 
proactive discharge planning, patient education, clear communication among pro-
viders, especially verbal patient handoff, proper follow-up, and timely completion 
of discharge summaries to prevent negative health outcomes [55].

�Matters Most

Finally, the last M of the 5Ms of Geriatric care is attention to what matters most. 
Matters most refers to an individuals’ own meaningful health outcomes and care 
preferences based on their values, and priorities. Advance care planning (ACP) is 
the process by which patients, caregivers, and clinicians share disease-related infor-
mation, discuss what matters most, and document future medical management 
based on shared decisions. ACP is an important part of the comprehensive care of 
older adults and adults with serious illness, yet it is estimated to occur in only 
6–49% of patients with advance CKD [56, 57].
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Studies evaluating patients’ perspectives on ACP have shown that patients with 
advanced CKD/ESRD would prefer to have goals-of-care discussions early in the 
disease course because such conversation may impact decision-making. In older 
patients, this is of particular significance because for some individuals, dialysis 
offers marginal survival benefit, and the procedure has significant quality-of-life 
and quality-of-death implications [57–60]. During ACP conversations, patients may 
evaluate options such as a time-limited trial of dialysis or acknowledge that with-
drawal from dialysis is a choice at any given time. Moreover, conservative kidney 
management may be an alternate and proactive multidisciplinary approach to 
address physical symptoms and psychosocial needs for those who do not wish or 
would not benefit from dialysis [61–63].

While ACP discussions have numerous advantages, there are challenges to hold-
ing this type of conversation and evidence suggests that nephrologists tend not to 
engage in ACP. Some of the identified barriers to conducting goals-of-care conver-
sations include discordant views about who is responsible for engaging in ACP, 
prognostic uncertainty, time constrains, concerns about culturally sensitive 
approaches, and limited training in communications skills that help sustain difficult 
conversations [64–66].

Many stepwise communication frameworks have been developed to help health-
care providers navigate challenging goals-of-care conversations. REMAP is one 
such framework that structures the key components in goals-of-care conversations 
(Table  5.6) [67]. The “talking map” incorporates the ask-tell-ask collaborative 
method which assist clinicians in (1) identifying existing knowledge, learning what 
the patient wants to know, and determining readiness to initiate/continue ACP, and 
(2) recognizing the patient’s health literacy and respecting their autonomy and cul-
tural context. The discussion can combine open-ended questions, rating scales, nar-
ratives, and/or decision analysis. Regardless of the style chosen, the practice of 
exploring patient’s perspective and perception surrounding high-stakes decisions 
inevitably elicits emotions. While display of emotion often hinders the clinician 
from continuing the discussion, studies indicate that serious illness conversations do 
not increase patient distress. Instead, using empathic communication skills like 
NURSE statements (Table 5.7) helps to build trust, increases patient satisfaction, 
decreases anxiety, and improves information recall [68].

It is widely recognized that palliative care principles should be integrated into the 
routine care of patients with advanced CKD/ESRD.  In fact, initiatives such as 
Kidney Disease Improving Global Outcomes (KDIGO) have endorsed the use of 
supportive care and recommended that treatment care teams engage in ACP discus-
sions [69, 70]. To enhance provider’s education and confidence in leading such dis-
cussions, several training programs including NephroTalk Conservative Care 
Curriculum, VitalTalk, and Coalition for Supportive Care of Kidney Patients are 
available [71].
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Table 5.6  REMAP [67]

REMAP Notes Examples

Reframe the 
situation

1. Preparation phase: Review 
patient’s chart, identify risk/
prognostic factor, discuss with 
other physicians as necessary
2. Assess patient’s 
understanding of the illness, 
current health status, disease 
trajectory
3. Determine readiness for 
participation in ACP
4. Use a preamble and share the 
headline (new information and 
its meaning in the context of 
the bigger picture). Share this 
in a succinct way with simple 
language
5. Address emotions and, if the 
patient is willing, explore their 
views

“I’d like to take some time to discuss your 
illness and what’s important to you”
“What have you heard from the doctors so far?”, 
“what have you heard about dialysis?”
“Would it be ok if I share what we know/some 
updates?”
“We are concern that the symptoms you are 
experiencing are related to the progression of 
your kidney disease. For some patients with 
similar health conditions, dialysis can be 
associated with side effects and burdens, so I 
would like to learn more about what is important 
to you to understand if dialysis or conservative 
therapy is right for you”

Expect 
emotions 
and 
empathize

Watch for emotional cues and 
attend to patients’ needs. May 
use NURSE statements and 
allow strategic silence

See NURSE statements (Table 5.7)

Map out 
patient’s 
goals

Answer questions in regard to 
illness trajectory and 
management options (dialysis 
vs conservative kidney 
management); then assess 
values, goals, and preferences

“Given the news about your illness, what’s most 
important to you?”
 �� –  If deemed adequate, the physician can 

give options. For example: “Try dialysis and 
live as long as possible”, “try dialysis, but 
stop if suffering or marginal benefits 
(timed-limited dialysis)”, “focus on comfort 
with non-dialytic interventions”, “unsure.”

“As you think about the future, what concerns 
you?”
“What would be an unacceptable quality-of-life 
for you?”
“Has anyone else in your life been on dialysis?”
“What gives you strength?”

(continued)
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Table 5.6  (continued)

REMAP Notes Examples

Align with 
goals

Reflect and summarize the 
patient’s values, goals, and 
preferences

“It sounds like the most important things are…”
“I hear you saying you want to avoid…”

Propose a 
plan

1. Ask for permission to give 
recommendation
2. Share values-concordant 
recommendations among 
feasible options
3. Outline a care plan that 
identifies milestones and 
specific setbacks for potential 
withdrawal of dialysis
4. Check in with patient and 
care partner

“Would it be helpful if I offer a recommendation 
based on what you told me?”
“Based on…, I would recommend that we…”
“We will monitor if dialysis is working for you 
(name milestones) and be alert of situations 
when dialysis should be readdressed like (name 
setbacks). How does that sound to you?”

Table 5.7  NURSE [68]

NURSE Notes Examples

Naming Name the emotion “I can see how this is upsetting/frustrating 
you”

Understanding Acknowledging the situation or 
emotion

“I can’t imagine how hard this must be for 
you”
“I can see that this is a difficult 
conversation”

Respecting Showing respect and praising 
efforts

“I admire how you have been dealing with 
the disease”
“I can see how hard you’ve worked”

Supporting Showing partnership “We will continue to meet”
“I will be here for you”

Exploring Exploring feelings or viewpoints “Can you tell me more about…”

�Geriatric Comanagement

Geriatric comanagement is defined as a shared responsibility and collaborative 
decision-making between a treating physician and a geriatrician who provides com-
plementary medical care to prevent or manage geriatric-oriented problems. Although 
systematic reviews have demonstrated that geriatric comanagement reduces func-
tional decline, complications, length of hospital stay, and mortality rates [72, 73], 
the impact of geriatric comanagement in patients with kidney disease is not well 
established.

Globally, the population with ESKD is growing fastest among patients over 
65 years of age. Patients aged 65–74, and 75 years or older constitute 24% and 34%, 
respectively, of the population receiving maintenance dialysis in the United States 
[74]. Dialysis, while a lifesaving treatment, carries its own side effects and compli-
cations. The decision-making process should thus incorporate several viewpoints, 
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including those of the patient, caregiver/family, and, ideally, a geriatrician-
nephrologist collaborative team. The comanagement team should be established 
early in the disease progression to align the patient’s care with their goals and assist 
in identifying cognitive, functional, and psychosocial issues as the disease pro-
gresses. Due to age-related physiological changes, medical comorbidities, and pres-
ence of geriatric syndromes, the risk profile of dialysis in older adults is worse than 
in younger counterparts. Recognizing the complexity of geriatric nephrology should 
trigger planning for potential problems and prompt counseling on appropriate treat-
ment options based on what matters most to patients and family members.

Geriatric comanagement may help decision-making regarding kidney transplan-
tation as well. A systematic review showed that 1 in 6 kidney transplant recipients 
is frail before transplantation, and that frailty is significantly associated with advanc-
ing age, lower rate of pre-emptive transplantation, longer duration of delayed graft 
function, and length of hospital stay [75]. The influence of frailty on mortality in 
older transplant recipients is still poorly understood, and there are no guidelines 
indicating at which level of frailty a patient should be excluded from a waiting list 
[74]. Assessing frailty and cognitive impairment has the potential to improve deci-
sions about who among the many older transplant candidates should proceed with 
transplantation.

In this chapter, we proposed the GERIATRIC 5Ms framework as a tool to assess 
geriatric concerns in older adults with CKD. The systematic approach may facilitate 
nephrology practices in providing the comprehensive care needed for this popula-
tion. Recognizing the complexity and heterogeneity in care, we also suggest the 
integration of an interdisciplinary team, namely geriatric comanagement, in efforts 
to positively impact health outcomes.
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Chapter 6
Urinary Symptoms in Older Adults 
with Chronic Kidney Disease

Emily Janak and Holly Kramer

�Case

An 81-year-old male with chronic kidney disease (CKD) stage 3B due to type 2 
diabetes mellitus presents for routine follow-up. His medications include losartan 
100 mg daily and amlodipine 10 mg daily. The clinic blood pressure is 148/63 mmHg. 
His exam reveals decreased sensation to vibration in both feet and 1+ pitting edema 
in both lower extremities. The serum creatinine is stable at 2.2 mg/dL but a random 
urine albumin-to-creatinine ratio has increased from 177  mg/g 4 months ago to 
675 mg/g at this visit. The clinician discusses initiation of a sodium-glucose cotrans-
porter 2 inhibitor (SGLT2i) and outlines the potential risks of this medication class 
including groin infections. The patient then relates his struggles with urinary incon-
tinence for the past 6 years. He states that urinary incontinence occurs when he 
develops an urge to urinate and cannot make it to the bathroom fast enough. Over 
the past year, urinary incontinence has become so frequent that he is now wearing 
adult briefs almost continuously.
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�Introduction

Urinary tract symptoms (LUTS) include a wide variety of voiding or obstructive 
symptoms such as hesitancy, poor and/or intermittent stream, straining, and feel-
ing of incomplete bladder emptying and dribbling. LUTS also include storage or 
irritative symptoms such as urinary frequency, urgency, incontinence, and noctu-
ria. These bothersome urinary symptoms affect a large percentage of older adults 
[1–6]. The frequency of LUTS generally increases with age and is higher among 
adults with diabetes. Despite the high prevalence of LUTS in older adults, most 
will never discuss urinary symptoms with their physician and seek or receive 
treatment due to embarrassment and or belief that LUTS is a normal process 
of aging.

For the nephrologist, LUTS may complicate the treatment of kidney diseases 
and associated comorbidities such as hypertension and heart failure. For example, 
patients may not take diuretic medications as prescribed due to worsening of 
LUTS. Use of SGLT2i may be contraindicated due to risk of groin and urinary 
tract infections from incontinence. Lack of attention to LUTS could potentially 
lead to suboptimal outcomes from poor compliance with medications [4] and 
increased risk of hospitalizations. Incontinence is also associated with the need 
for assistance with daily tasks of living and unmet care needs. Thus, identifying 
LUTS, especially incontinence and nocturia, may help discern patients who 
require more social support and assistance with disease self-management.

Diabetes remains a major cause of CKD globally and SGLT2is are indicated 
for the treatment of diabetes to slow CKD progression and reduce risk of cardio-
vascular disease. Older adults with diabetes may be a group with highest risk of 
LUTS and LUTS severity. Chronic hyperglycemia damages the autonomic ner-
vous system innervation of the bladder. Bladder pathology in diabetes may prog-
ress from deceased sensation to bladder hypotonicity, whereby patients go to the 
bathroom less frequently leading to higher bladder capacity. This chronic stretch-
ing of the bladder then progresses to poor bladder emptying due to bladder wall 
stress and nerve damage. Thus, LUTS in a person with diabetes may begin with 
urinary urgency due to a distended bladder, progress to urgency incontinence and 
then further progress to overflow incontinence. Patients may also have other 
comorbidities that can cause stress incontinence such as obesity or prior pelvic 
floor trauma from pregnancies. Approximately half of all adults with diabetes 
mellitus will suffer with some form of LUTS and generally symptoms may be 
more severe in this group [7, 8].

In this chapter, we review the definitions and epidemiology of specific urinary 
symptoms which encompass LUTS. The chapter also provides sample questions 
which may be used to query presence of LUTS and assist with diagnosis. Finally, 
management strategies are discussed specifically for older adults with non-dialysis 
dependent kidney disease.
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�Overactive Bladder

The patient’s complaint of a sudden urge to urinate with or without involuntary 
urinary leakage when rushing to the toilet is known as overactive bladder syndrome 
(OAB) [5, 9, 10]. OAB is common and affects approximately 10% of adults over the 
age of 50 years but risk of OAB increases with age [5, 6]. OAB, especially if incon-
tinence is present, can reduce quality of life due to social isolation [10]. Individuals 
may fear leaving the house due to the frequent and sudden urge to urinate and need 
to find a bathroom. Despite the psychological stress and personal burden of OAB, 
most will not seek treatment. In addition, LUTS are not routinely queried by pri-
mary physicians or nephrologists due to competing demands to address other 
healthcare issues. Lack of discussion of LUTS during clinic visits translates to 
underdiagnosis and under-treatment of OAB.

Lack of attention to OAB may influence cardiovascular disease (CVD) risk due 
to the connection between bladder function, the autonomic nervous system and 
blood pressure (BP). Several studies have shown that individuals with OAB have 
higher sympathetic activity relative to parasympathetic activity which may heighten 
bladder sensitivity and lead to detrusor muscle contraction at lower bladder vol-
umes, urinary urgency, and even urinary incontinence [11, 12]. Higher sympathetic 
activity relative to parasympathetic activity can also heighten blood pressure [13]. 
In a cross-sectional study of older men and women, presence of OAB was associ-
ated with significantly higher BP and lower odds of hypertension control but these 
associations were limited to men [13]. According to the American Heart Association 
Scientific Statement on BP measurement, measurement of BP should not occur in 
patients with a full bladder [14].

�Incontinence

Urinary incontinence is defined as the involuntary loss of urine and the urine loss 
may range from just a few drops to a large amount. Up to 1 in every 3 women and 
1 in 10 men are affected by urinary incontinence which may negatively affect qual-
ity of life [5, 6]. The economic burden of urinary incontinence is substantial and 
likely exceeds 80 billion per year with the bulk of expenditures on pads and briefs, 
items not covered by Medicare or private insurance [15]. Urinary incontinence is 
categorized into three main groups: stress, urgency or mixed. Stress incontinence is 
defined as loss of urine with coughing, laughing or physical activity. In general, the 
risk of stress urinary incontinence alone does not increase with advancing age and 
is the least prevalent of all incontinence types among older adults [1, 5, 6]. Any 
condition that weakens the pelvic floor muscles such as chronic coughing or strain-
ing, pelvic floor damage after vaginal birth, or heavy lifting can lead to stress 
incontinence.
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The most common risk factor for stress incontinence is overweight and obesity, 
which heightens risk for all forms of incontinence due to the increased pressure on 
the bladder and surrounding muscles [16]. Obesity actually doubles the risk of uri-
nary incontinence and severity among women [16]. Among men, stress inconti-
nence may occur after a radical prostatectomy for the treatment of cancer [17, 18]. 
Stress incontinence alone accounts for half of all cases of incontinence but only a 
smaller percentage of incontinence among older age groups due to the increasing 
risk of urgency incontinence with advancing age.

In older adults, stress incontinence is often complicated by urgency incontinence 
and the combination of stress and urgency incontinence is defined as mixed urinary 
incontinence. Urgency incontinence is a common and burdensome condition that 
affects up to 1 in every 2 older women and 1 in every 3 older men [1, 2, 5, 6, 19]. 
Urgency incontinence is defined as loss of urine accompanied by the urgency to 
urinate. Typically, the individual feels the need to void but cannot rush to the toilet 
fast enough before urinating. Functional limitations such as frailty and/or arthritis 
can lead to or exacerbate urgency urinary incontinence due to difficulties with get-
ting to the bathroom promptly. Difficulties with ambulation alone leading to incon-
tinence are termed functional urinary incontinence.

Multiple factors can lead to urgency urinary incontinence and likely the develop-
ment of bladder dysfunction due to a combination of factors as shown in Fig. 6.1. 
Low physical activity can not only contribute to obesity but can also lead to 

Fig. 6.1  Proposed schema of factors that may influence urgency urinary incontinence
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decreased pelvic floor muscle strength. Vitamin D deficiency can contribute to 
decreased pelvic muscle strength. Use of antibiotics can in theory disrupt the uri-
nary microbiome. Importantly, frequent urinary tract infections could cause scar-
ring and inflammation and alter bladder distension and relaxation.

Overflow urinary incontinence is characterized by spilling, usually small 
amounts, of urine after completing urination due to incomplete bladder emptying. 
Overflow urinary incontinence is caused by detrusor muscle underactivity or blad-
der outlet obstruction, and typically presents with continuous urinary leakage or 
dribbling in the setting of incomplete bladder emptying. Associated symptoms can 
include weak or intermittent urinary stream, hesitancy, frequency and nocturia. 
When the bladder is very full, stress urinary leakage can occur or low amplitude 
bladder contractions can be triggered resulting in symptoms similar to stress and/or 
urgency urinary incontinence.

�Nocturia

Nocturia is one of the most prevalent components of LUTS and often goes unno-
ticed in a clinical setting. Lack of attention to nocturia is especially problematic for 
older persons with kidney disease because nocturia is very frequent in this popula-
tion and can interrupt sleep and negatively impact quality of life [20–22]. Nocturia 
is defined as awakening from sleep at least once due to the need to urinate. Urinating 
two more times per night is generally associated with a high reported rate of bother 
by the patient and is considered clinically important [23]. The majority of older 
adults age 65+ years void at least two or more times per night. The prevalence and 
severity of nocturia may even be higher among older adults with CKD, depending 
on the CKD stage [24, 25]. Older adults with nocturia should be counseled on the 
risk of nocturnal falls, which can lead to fractures. Patients should be encouraged to 
remove all loose rugs in the pathway from the bed to the bathroom and to use a 
nightlight.

Normally most urine production occurs during activity and decreases during 
sleep. All of the factors that influence urine formation follow a circadian rhythm 
including renal plasma flow, vasopressin release, and even the osmotic corticome-
dullary pressure [26]. Disruption of any of these circadian rhythms can disrupt the 
circadian rhythm of urine production and output. Normally, increased nocturnal 
release of Arginine vasopressin (AVP) from the hypothalamus reduces nighttime 
urine production. [27] With aging, the circadian rhythm of AVP release is altered 
and nighttime release of AVP declines and shifts more urine production during noc-
turnal sleep time [28, 29]. Normally, less than 25% of 24-h urine occurs during 
sleep [29] and total volume of urine during sleep exceeding 30% of urine output in 
24 h is classified as nocturnal polyuria. Nocturnal polyuria can also be due to exces-
sive fluid intake, especially with caffeinated or alcoholic beverages, before bedtime. 
Individuals with volume overload and edema such as heart failure and CKD may 
mobilize fluid during sleep due to supine position alleviating the gravitation pull of 
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fluid into the lower extremities. The mobilization of fluid at night then stimulates 
release of atrial natriuretic peptide (ANP) which increases glomerular filtration rate 
and natriuresis [30]. In sleep apnea, an individual may awaken from sleep due to 
choking or coughing and then get out of bed to urinate. However, urine production 
may increase with severe sleep apnea because hypoxia upregulates genetic expres-
sion of ANP and its release [31]. Successful treatment of sleep apnea has been 
shown to markedly improve or cure nocturia [32]. Patients with CKD often lack 
dipping of nocturnal blood pressure, which is also associated with nocturia [33].

While lack of concentrating ability in CKD has been described as a risk factor for 
nocturia, most nocturia in this population is due to osmotic diuresis [30]. Use of 
compression stockings during the day or staggered use of diuretics early may reduce 
the number of nocturnal voids [34]. Individuals should also be counseled to reduce 
fluid intake several hours before bedtime and avoid caffeinated and alcoholic bever-
ages. Presence of sleep apnea should be elucidated and treated as clinically indicated.

Regardless of presence of nocturnal polyuria, bladder dysfunction often contrib-
utes or is the cause of bothersome nocturia. Heightened sensitivity to bladder filling 
may occur with chronic bladder outlet obstruction from benign prostatic hyperpla-
sia or increased pressure on the bladder from obesity. Basically, any factor that can 
reduce the amount of urine storage in the bladder can lead to frequent nocturnal 
urination, especially if urine production is high. Diagnosis and treatment of nocturia 
due to overactive bladder should include urodynamic testing and measurement of 
post-void residual to assess bladder capacity [30].

�Bladder Function

A discussion of the complex process of micturition illustrates why neurologic dis-
eases and diabetes are frequently complicated by urgency urinary incontinence or 
other LUTS. Micturition involves the somatic and autonomic nervous system and 
requires contraction of the detrusor muscles with simultaneous relaxation of the 
urethral sphincter. Postganglionic parasympathetic nerves stimulate muscarinic 
(M3) stretch receptors via acetylcholine. Thus, when these nerves are stretched, the 
M3 receptors are stimulated leading to detrusor muscle contraction [35].

Micturition requires coordination of detrusor muscle contraction with simultane-
ous relaxation of the urethral sphincter and this relaxation occurs due to signals 
from pelvic neurons that inhibit interneurons in the sacral spinal cord [35]. The 
inhibition of the sacral spinal cord interneurons blocks signals to the pudendal 
motor neurons which innervate the periurethral striated muscles. Pudendal nerves 
can be consciously activated (somatic nervous system) to prevent urethral relaxation 
and urination. Conscious activation of the pudendal nerves occurs when an indi-
vidual feels the urge to urinate but holds the urine in their bladder until they reach 
the toilet [36]. Thus, both somatic and autonomic nervous systems play a role in 
bladder control and health. Damage to the prefrontal cortex, such as with strokes or 
head trauma, can lead to urgency urinary incontinence because this part of the brain 
controls detrusor contraction. [36]
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�Impaired Bladder Filling

Both over- and under-activity of the detrusor muscle may lead to urgency and/or 
urinary urgency incontinence. The bladder capacity is approximately half a liter but 
impaired bladder relaxation may lead to limited urine storage. Groups of detrusor 
muscles are aligned heterogeneously and surrounded by connective tissue. During 
bladder filling, these smooth muscles must relax and if capacity is impaired, then 
pressure is heightened at lower volumes. This heightened pressure leads to urinary 
urgency and even incontinence. When the detrusor muscle contracts, the inner ure-
thral sphincter must relax in order for the bladder to empty. Impairment of detrusor 
muscle relaxation may occur with hypertrophy of detrusor smooth muscle cells. 
Hypertrophy and hyperplasia of detrusor smooth muscle cells occur with any factor 
that increases bladder wall stress such as benign prostatic hyperplasia, or with blad-
der wall denervation in settings of spinal cord injury or diabetes. Detrusor hypertro-
phy can be reversible which is why treatment of benign prostatic hyperplasia can 
lead to gradual improvement of LUTS including urgency.

�Diagnosis

Clinicians can best help patients by querying presence of LUTS among patients at 
high risk, which includes individuals with CKD. A detailed history of how LUTS 
started and progressed and associated co-morbidities such as diabetes or neurologic 
disorders will help determine need for referral to urology and urodynamic testing. 
Table 6.1 provides questions that can be used to query stress and urgency inconti-
nence and nocturia. Questions on LUTS can be obtained from the International 
Consultation on Incontinence Questionnaire (ICIQ) [37]. These sex-specific mod-
ules are available in multiple languages and can be obtained without cost from the 
internet (www.iciq.net). The questionnaires have been previously validated and the 
short form module can be completed in 4 min. Each question is followed by a ques-
tion on bother to determine if the patient is bothered by the symptom. Urodynamic 
testing can then be performed to determine post-void residual where patient is not 
completely emptying bladder, a common issue in diabetes. Generally, referral to 
Urology is indicated if LUTS are severe enough to impair CKD management and/
or quality of life or if assistance with treatment is needed.

Table 6.1  Questions to diagnose overactive bladder, incontinence and nocturia. Questions 
obtained from the International Consultation on Incontinence Questionnaire (ICIQ). Questionnaire 
modules in multiple languages may be obtained from www.iciq.net

Urinary urgency Do you have a sudden need to rush to the toilet to urinate?
Urgency incontinence Does urine leak before you can get to the toilet?
Stress incontinence Does urine leak when you cough or sneeze?
Nocturia During the night, how many times do you have to get up to urinate, on 

average?
Bother How much does this bother you? 0 (no bother) to 10 (a great deal). 

Bother question may be used for any LUTS question.

6  Urinary Symptoms in Older Adults with Chronic Kidney Disease
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�Management

Patients should be informed that LUTS is usually not a condition that can be cured 
but rather managed and mitigated. Treatment of LUTS should start with behavior 
management. Studies have shown that improvement in LUTS is optimized with 
behavior management with or without surgical or other interventions than with 
medications alone [24, 38]. Behavior management should include attention to 
dietary practices that may worsen LUTS and physical activity, especially exercises 
that strengthen the pelvic floor. Patients can be referred to physical therapy to 
strengthen and stretch the pelvic girdle [39–41]. Stress incontinence may be treated 
with Kegel exercises to strengthen the pelvic floor muscles [42]. Many older adults 
have mixed incontinence so strengthening the pelvic muscles may benefit the major-
ity of patients with LUTS. Dietary factors may also play a role. While evidence 
supporting avoidance of certain foods that may irritate the bladder (acidic or spicy 
foods) remains limited [43], caffeine and alcohol do consistently increase urine out-
put and may exacerbate LUTS.

Box 6.1 provides a list of factors that can be addressed by the patient to prevent 
or mitigate LUTS. Foods high in fiber may help with LUTS as constipation can 
exacerbate LUTS due to heightened pressure on the bladder from a distended colon 
and due to the convergence of neurons in the colon and bladder. With constipation, 
neurons that innervate the colon stimulate contraction and this can also heighten 
activity of detrusor smooth muscle [44]. Avoiding caffeine and alcohol helps to 
avoid higher urine output which can exacerbate LUTS.

In men with benign prostatic hyperplasia and LUTS, use of 5-alpha reductase 
enzyme inhibitors that convert testosterone to dihydrotestosterone can mitigate 

Box 6.1 Non-medication Factors that can Exacerbate Lower Urinary 
Tract Symptoms (LUTS)

Factors that exacerbate LUTS Reason

Constipation Increases detrusor contractility
Caffeine Increases urine output
Alcohol Increases urine output
Carbonated beverages Bladder irritant
High dose vitamin C Bladder irritant
Foods with high acid content Bladder irritant
Obesity-increases pressure on bladder Increases pressure on bladder
Low physical activity Reduces strength of pelvic muscles
Urinary tract infections Bladder inflammation
Benign prostatic hyperplasia Urinary outflow obstruction
Diabetes Damages autonomic nerve innervation of 

bladder, reduces bladder contraction
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prostate growth. Inhibition of prostate growth may be used to improve urinary flow 
and reduce urinary frequency, urgency incontinence and even nocturia. This medi-
cation class can also be used to treat male pattern baldness. Side effects include 
gynecomastia, erectile dysfunction, and decreased libido [45]. Alpha-1 adrenergic 
receptor antagonists reduce binding of adrenaline receptors on the inner urethral 
sphincter preventing muscle contraction and leading to increased urine flow. [46] 
Combination of alpha-1 adrenergic receptor antagonists with 5-alpha reductase 
inhibitors may be more effective than 1 drug class alone for incontinence and/or 
nocturia.

�Medications for Overactive Bladder

Table 6.2 shows the commonly used medications for management of overactive 
bladder with or without incontinence. With the exception of mirabegron, these med-
ications are muscarinic receptor antagonists which reduce detrusor contraction. 
Fesoteridine includes a quarternary ammonium compound to reduce the drug cross-
ing into the blood-brain barrier and prevent anticholinergic effects, specifically cen-
tral nervous system side effects like blurred vision, lightheadedness and headaches. 
Older individuals and individuals with creatinine clearance less than 30 mL/min are 
generally at heightened risk for side effects with anticholinergic medications and 

Table 6.2  Drugs that may influence lower urinary tract symptoms

Alpha adrenergic antagonists 
[46]

Lowes bladder outlet 
resistance

Incontinence but may lessen 
urinary urgency

Alpha adrenergic agonists [66] Contract bladder neck Overflow urinary incontinence
Antipsychotics [67] Lower bladder outlet 

resistance, or increase 
detrusor contraction

Urinary incontinence

Antidepressants [68, 69] Depending on the 
drug-may increase urethral 
striatal muscle contraction

May improve stress 
incontinence but worsen 
urgency incontinence, 
depending on drug

Loop diuretics [4, 58, 70] Increase urine output Urinary urgency and 
incontinence, nocturia

Thiazide diuretics [58] Nocturia
Calcium channel blockers [58, 
71]

Decrease detrusor smooth 
muscle contractility

Urinary retention and overflow 
incontinence, nocturia

Benzodiazepines [72] Reduce detrusor smooth 
muscle contractility

Urinary retention and overflow 
incontinence

Angiotensin converting enzyme 
inhibitors and angiotensin 
receptor blockers [50]

Decreases detrusor 
overactivity and urethral 
sphincter tone

May improve urgency urinary 
incontinence but worsen stress 
incontinence

Estrogen [52–54, 56, 73] Heightens detrusor 
contractility

Urinary incontinence, 
especially stress incontinence
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dose should be reduced. Mirabegron is unique in that it is a beta-3 adrenergic recep-
tor agonist and is only recommended as a second-line agent [47, 48]. While mirabe-
gron does not usually lead to the anticholinergic symptoms of other medications for 
overactive bladder, it can increase blood pressure and is contraindicated in individu-
als with uncontrolled hypertension [49].

�Medications that May Exacerbate LUTS

Multiple medications that are used to manage older adults with CKD may influence 
urinary symptoms. Use of angiotensin-converting enzyme inhibitors (ACEi) and 
angiotensin receptor blockers (ARB) was associated with lower prevalence of urgency 
urinary incontinence among men in a cross-sectional analysis of the U.S. adult non-
institutionalized population [50]. No association was noted between ACEi/ARB use 
and urinary incontinence in women. This study did not find an association of any 
other antihypertensive medication use with self-reported stress or urgency inconti-
nence in men or women [50]. A population-based observational study of over 5000 
adults age 30–79 years living in Boston, Massachusetts found a significantly higher 
prevalence of self-reported LUTS among women using calcium channel blockers 
alone. This association was not noted in men. The urinary symptoms associated with 
calcium channel blocker use included nocturia, urgency and incontinence (Table 6.3).

Calcium channel blockers may block the L-type calcium channel receptors found 
in the smooth muscles of the bladder. Negative effects of calcium channel blockers 
on detrusor muscle contractility may require the presence of estrogen which plays a 
role in the regulation of L-type calcium channels in the urinary bladder [51]. The 
M3 receptors in the detrusor smooth muscle are G-protein coupled receptors that 
require opening of calcium channels and interaction with calmodulin to activate 
myosin light chain kinase and muscle contraction. The interaction of estrogen and 
L-type calcium channels explains why estrogen use in menopausal women increases 
risk of incontinence [52–54]. It should be noted that vaginal estrogen decreases 
vaginal dryness and urinary frequency and urgency in menopausal women [55]. 
Vaginal estrogen may also reduce incidence of recurrent urinary tract infections. 
However, oral estrogen with or without progestin is associated with a heightened 
risk of urinary incontinence, especially stress incontinence, thought due to height-
ened bladder contractility. [53, 54, 56]

Diuretics, both thiazide and loop diuretics, have been associated with increased 
risk and severity of LUTS in both men and women. Loop diuretics appear to show 
stronger associations with urinary incontinence and nocturia while thiazide diuret-
ics are consistently associated with increased prevalence of urinary urgency and 
frequency [4, 57, 58]. Other medications such as clonidine and methyldopa can 
mimic norepinephrine and lead to contraction of muscles lining the inner urethral 
sphincter and prevent micturition. Alpha-adrenergic antagonist such as prazosin, 
doxazosin and terazosin block receptors that led to internal urethral sphincter mus-
cle contraction and reduce resistance to urine flow. While these medications may 
improve LUTS in an individual with bladder outlet obstruction such as benign 
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Table 6.3  Drugs to treat overactive bladder

Drug Mechanism of Action
Potential side 
effects

Considerations for use 
in CKD

Tolterodine 
(Detrol) [74–76]

Cholinergic muscarinic 
antagonist that competitively 
binds to M3 receptors

Dry mouth, dry 
eyes, 
constipation, 
dizziness, 
tiredness, blurred 
vision

Reduce dose with 
decreased glomerular 
filtration rate or liver 
disease and elderly

Oxybutynin 
(Ditropan XL) 
(Oxytrol) 
(Gelnique) [77]

Anticholinergic metabolite 
N-desethyloxybutynin 
competitively inhibits 
postganglionic muscarinic 
receptors

Dry mouth, dry 
eyes, 
constipation, 
dizziness, 
tiredness, blurred 
vision

Hepatically cleared but 
reduce dose 
recommended with 
decreased glomerular 
filtration rate and in 
older or frail adults

Trospium [77] Cholinergic muscarinic 
antagonist

Dry mouth, 
indigestion, 
constipation but 
no CNS side 
effects

Reduce dose with 
creatinine clearance 
<30 mL/min and/or age 
75+ years; side effects 
may be worse in patients 
with CKD

Solifenacin 
(Vesicare) [76, 
77]

Cholinergic muscarinic 
antagonist

Dry mouth, dry 
skin, tiredness, 
headache, 
confusion

Reduce dose with 
creatinine clearance 
<30 mL/min and side 
effects may be worse in 
CKD

(Fesoterodine 
(Toviaz) [78, 79]

Cholinergic muscarinic 
receptor antagonist with 
quarternary ammonium group 
to prevent passage across blood 
brain barrier

Dry mouth, dry 
eyes, decreased 
sweating, blurred 
vision, headache

Do not exceed 4 mg 
daily if creatinine 
clearance <30 mL/min; 
avoid in children with 
creatinine clearance 
<30 mL/min

Mirabegron 
(Myrbetriq) [49, 
80]

Beta-3 adrenergic receptor 
agonist

Increases blood 
pressure and 
urinary retention, 
constipation, 
dysuria

Should be used as 
second line therapy and 
may worsen blood 
pressure control

prostatic hyperplasia, alpha-adrenergic antagonists could increase urinary inconti-
nence in individuals without bladder outlet obstruction. Use of alpha-adrenergic 
antagonists in women has been associated with a marked increase in urinary incon-
tinence [52, 59].

�Sodium-Glucose Cotransporter 2 Inhibitors

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) increase urinary output and 
may exacerbate or initiate LUTS, especially nocturia. During the first week of treat-
ment, urine volume and free water increase [60]. In a small study of men with type 
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2 diabetes initiated on SGLT2i, almost all men reported nocturia. Clinical trials have 
reported increased urination and nocturia which was reported by 5% treated with 
canagliflozin vs. 0.7% with placebo. All other SGLT2i are also associated with 
higher reported rates of increased urination versus placebo [61].

The SGLT2i drug class increases glucosuria which can lead to groin infections. 
While meta-analysis of clinical trials does not show significant differences in uri-
nary tract infections between SGLT2i use vs. controls, genital infections are 
increased by over three-fold with SGLT2i use in persons with type 2 diabetes mel-
litus [62]. Only 1 genital infection was reported in the empagliflozin and placebo 
groups in the clinical trial of empagliflozin for adults with chronic kidney disease 
[63]. It should be noted that trial participants are generally healthier than the general 
clinic population and the distribution of side effects from medications may differ 
somewhat from clinical trials. Urinary incontinence is associated with dermatitis 
due to chronic moisture and chemical irritants that can be from the pads or briefs 
and shear mechanical stress on the skin [64, 65]. Given that SGLT2i increases glu-
cosuria which can accelerate the growth of bacteria and yeast on the skin, this drug 
class will likely compound the increased risk of skin infections in patients with 
severe incontinence. Patients with urinary incontinence, especially if severe, should 
be informed of such risks in order to make an informed decision on whether to 
start SGLT2i.

Returning to the patient’s case, the 85-year-old patient had urgency urinary 
incontinence which was not treated. Due to the severity of his incontinence, the 
patient was referred to a Urologist. Urodynamic testing on the patient confirmed 
presence of urgency urinary incontinence, which was attributed to diabetes causing 
autonomic nerve damage to bladder combined with benign prostatic hyperplasia. 
The patient was initiated on finasteride and doxazosin. After 2 months, his urinary 
urgency and incontinence decreased in severity, but he continued to wear adult 
briefs. The patient continued to decline SGLT2i due to concerns about groin 
infection.
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Chapter 7
Hypertension in the Elderly

Sumaiya Ahmed and Swapnil Hiremath

�Clinical Case Scenarios

Patient 1: A 78-year-old man, a retired federal bureaucrat with stage 3 chronic 
kidney disease, is seen in the clinic for follow-up. His past medical history includes 
coronary artery disease, peripheral arterial disease, and colon cancer. He is an ex-
smoker. His sitting blood pressure in the clinic is 131/62 mmHg, and his standing 
blood pressure is 109/58 mmHg. His home medications include aspirin, atorvas-
tatin, perindopril, hydrochlorothiazide, and amlodipine. Unlike previous visits, he is 
now using a 4-wheel walker, as he feels unsteady. His wife is accompanying him 
and volunteers that he is occasionally forgetful, though he has not been evaluated 
formally for cognitive impairment. Though they live independently, they are con-
templating a move to an assisted living setting. You are faced with a decisional 
dilemma of escalating blood pressure therapy as it is not at target according to the 
latest guidelines, or considering lowering medications given your concern for 
hypotension-related adverse events.

Patient 2: An 82-year-old woman, a retired teacher with stage 3 chronic kidney 
disease is seen in the clinic for follow-up. She has a past medical history of atrial 
fibrillation, previous transient ischemic strokes, hypertension, and coronary artery 
disease. She is widowed and lives independently and does all her activities of daily 
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living on her own. She likes to do the Sunday crossword and enjoys curling in the 
winter. Her sitting blood pressure is 134/68 mmHg, and her standing blood pressure 
is 132/65 mmHg. She is on chlorthalidone and amlodipine for blood pressure con-
trol. Your clinical dilemma is to escalate blood pressure therapy based on the guide-
line targets or leave things be, based on her age and lack of symptoms.

�Introduction

The treatment of hypertension (HTN) has been controversial for almost a century. 
The asymptomatic nature of the condition and the adverse effects with blood pres-
sure (BP) lowering therapies were considered initial barriers. Epidemiological and 
trial data have made the benefits of BP lowering very clear. The advent of safe and 
effective pharmacotherapy has made the harms of BP lowering very low. However, 
in the elderly population, these concerns do arise even now. The absolute risks of 
harm from BP lowering are much higher than in the younger population, and the 
benefits are not as clear. In this chapter, we will discuss the trial evidence covering 
the benefits and harms of BP lowering and provide some practical suggestions for 
clinical practice.

�Pathophysiology of Hypertension in the Elderly

The pathophysiology of HTN in the elderly can be explained by a combination of 
arterial stiffness, mechanical hemodynamic changes, neurohormonal and auto-
nomic dysfunction, and aging kidneys [1]. Arterial stiffness occurs with age, and it 
is defined as the decrease in capacitance and elasticity, thereby reducing the ability 
to accommodate volume changes during the cardiac cycle [1]. As such, both systolic 
BP (sBP) and diastolic BP (dBP) increase with age; however, after the age of 
60 years, there is a higher occurrence of central arterial stiffness [1]. Heightened 
arterial stiffness results in a rise in sBP while the dBP declines, thereby causing 
isolated systolic HTN and widened pulse pressure [1]. Hemodynamic mechanical 
changes also increase pulse pressure, as well as pulse-wave velocity, as it further 
decreases aortic elasticity and loss of recoil during diastole [1]. Central sBP 
increases as well due to the change in arterial structure which subsequently increases 
pressure waves in the ascending aorta [1]. Furthermore, neuro-hormonal changes 
include an elevation in endothelin-1 and reduction in bioavailability of nitric oxide 
which occurs as endothelial dysfunction develops and affects arterial dilation [1]. 
Lastly, aging is related to the increase sensitivity to salt in the kidneys because of 
nephron loss and a decrease in activity of the sodium/potassium and calcium ade-
nosine triphosphate pumps, which causes vasoconstriction and vascular resis-
tance [1].
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�Epidemiology

High BP is a well-known modifiable risk factor for cardiovascular disease (CVD) 
[2, 3] and the high prevalence of HTN has made it the largest contributor to the 
global burden of disease, affecting an estimated 1.39 billion people worldwide and 
leading to 10.4 million premature deaths each year [4]. As with many conditions, 
the prevalence of HTN and its severity increases with age [2]. For instance, the 
Framingham Heart Study demonstrated that more than 90% of participants with a 
normal BP at the age of 55 will eventually develop HTN [1, 5]. By the age of 
60 years, 60% of the population will have developed HTN, and eventually 65% of 
men and 75% of women will develop HTN by age of 70 years [1].

Several large studies have demonstrated that elevated BP in elderly is associated 
with major complications such as increased risk of ischemic and hemorrhagic 
strokes, vascular dementia, Alzheimer’s disease, coronary artery disease, cardiovas-
cular (CV) related complications, atrial fibrillation, chronic kidney disease, and reti-
nal diseases [1, 5–7]. In addition, observational studies have shown an association 
between elevated BP in middle age and cognitive impairment [5]. As such, treat-
ment of elevated BP in the elderly is crucial and many trials over the last two decades 
have demonstrated the benefit.

�Clinical Trial Evidence

Management of HTN in the elderly has been an area of uncertainty as the benefits 
were unclear and risks associated with treatment are associated with important 
adverse effects in this population. Many trials have been conducted over the years 
on management of HTN in the elderly to clarify the potential benefits (see Table 7.1 
for details, and Fig. 7.1), and the target BP for treatment has slowly dropped from a 
sBP of 160 to an sBP of 120 mmHg. One of the first HTN trials specifically in the 
elderly was the Systolic HTN in the Elderly Program (SHEP) published in 2000 
where 4736 participants ≥60 years with isolated systolic HTN were recruited with 
a target of a decrease in sBP of ≥20 mmHg from baseline to an sBP < 160 mmHg 
[6]. Chlorthalidone and either atenolol or reserpine were used as treatments and 
65% of participants did achieve the targeted BP. The SHEP trial demonstrated that 
BP lowering reduced incidence of both ischemic (Relative Risk, RR: 0.63 (95% 
confidence interval [CI], 0.48–0.82) and hemorrhagic strokes (RR: 0.46; 95% CI, 
0.21–1.02) [6]. The SHEP trial was later followed by the Hypertension in the Very 
Elderly Trial (HYVET) trial, which also demonstrated a reduction in stroke rate in 
the very elderly, defined as those >80 years, with BP lowering [8]. HYVET recruited 
3845 participants with isolated systolic HTN and targeted BP reduction to less than 
150/80 mmHg. Indapamide, and either perindopril or placebo, were used as the BP 
lowering agents and the average BP achieved was 144/78 mmHg in the treatment 
group and 159/84  mmHg in the control group. The study demonstrated that 
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Fig. 7.1  Graphical summary of the landmark trials in hypertension management in the elderly

indapamide with or without an angiotensin converting enzyme-inhibitor was associ-
ated with a reduction in death from stroke (HR: 0.61, 95% CI, 0.38–0.99). This trial 
was stopped early (median follow-up, 1.8 years) because the second planned interim 
analysis showed a significant reduction in the incidence of strokes, as well as total 
mortality in the intervention arm compared to the control arm. Subsequently, two 
Japanese trials were conducted: Japanese Trial to Assess Optimal Systolic Blood 
Pressure in Elderly Hypertensive Patients (JATOS)[9] (Group, 2008) and Valsartan 
in Elderly Isolated Systolic Hypertension (VALISH) [10] (Ogihara T, 2004). JATOS 
recruited 4418 adults age 65–85  years with essential HTN with the intervention 
aimed to lower sBP to less than <140 mmHg. Both treatment and control arm had 
similar baseline BP; 171.6/89.1  mmHg and 171.5/89.1  mmHg respectfully. 
Efonidipine was the add-on agent if needed and average BP achieved was 
135.9/74.8 mmHg in the treatment arm. Average BP achieved in the control arm was 
145.6/78.1 mmHg, thus a difference of about 10/3 mmHg between the two arms. 
The trial reported no benefit on the primary composite outcome of CV events or 
kidney dysfunction with BP lowering vs. control arm and concluded that complex 
clinical features associated with aging may have contributed to the lack of differ-
ence in effect between the two treatments. VALISH recruited 3079 participants that 
were 70–84 years of age with isolated systolic HTN and target sBP < 140 mmHg in 
the treatment group. Baseline BP in both groups were comparable; 169.5/81.7 mmHg 
and 169.6/81.2 mmHg respectively. Valsartan was the add-on agent if needed and 
average achieved BP in the treatment group was 136.6/74.8 mmHg, while average 
BP in the control group was 142.0/76.5 mmHg. The difference in BP between both 
groups was 5.4/1.7 mmHg. The study also reported no benefit on primary composite 
outcome of CV events or kidney dysfunction (HR: 0.89, 95% CI, 0.60–1.31; 
p = 0.38) with blood pressure lowering. The systolic blood pressure intervention 
trial (SPRINT) conducted in 2015 evaluated the appropriate target BP for non-
diabetic individuals. The trial recruited 9361 persons with an sBP of 130 mmHg or 
higher and an increased cardiovascular risk, but without diabetes, to an sBP target 
of less than 120 mmHg (intensive treatment) or a target of less than 140 mmHg 
(standard treatment). SPRINT reported a lower rate of fatal and nonfatal major 
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cardiovascular death from any cause, although significantly higher rates of some 
adverse events were observed in the treatment arm [13]. The study had a prespeci-
fied subgroup of elderly (defined as those >75 years) which was reported separately 
[11]. 2636 participants ≥75 years with HTN and increased risk of CVD (either on 
basis of age ≥ 75 alone, or history of clinical or subclinical CVD, chronic kidney 
disease, a 10-year or Framingham risk score above 15%) were included in this sub-
group analysis. BP target was <120  mmHg in the intensive treatment group 
and < 140 mmHg in the standard treatment group. A protocolized algorithm, includ-
ing long-acting drugs and in particular chlorthalidone, was utilized to achieve BP 
targets. Average achieved BP was 123.4/62  mmHg in the treatment group. The 
study reported that the intensive treatment group resulted in significantly lower rates 
of fatal and nonfatal major CV events and death from any cause (RR: 0.66, 95% CI 
0.51–0.85). Lastly, the most recent trial was the Strategy of Blood Pressure 
Intervention in Elderly Hypertensive Patients (STEP) in which 8511 participants 
were recruited who were 60–80  years of age with HTN [12]. Target BP was 
110–130 mmHg and a protocol-based algorithm was used to control the BP which 
included olmesartan, amlodipine, and hydrochlorothiazide as needed. The achieved 
BP was 126.7/76.4 mmHg in the treatment group, and 135.9/79.2 mmHg in the 
control group. The trial reported that the intensive treatment group resulted in a 
lower incidence of CV events than standard treatment with a target of 130 to less 
than 150 mmHg (RR: 0.74, 95% CI 0.60–0.92). Similar to previous trials, STEP 
excluded patients with cognitive impairment and did not include their baseline func-
tional status. Like the two Japanese trials (JATOS and VALISH) STEP trial only 
included East Asians and was not ethnically diverse, which limits the generalizabil-
ity of their findings to other groups. Thus, overall, all but two trials report a benefit 
in lowering BP in the elderly population, and all but one trial also report a decrease 
in CV or all cause death with lowering of BP. The data are summarized in Table 7.1.

�Guidelines

Despite the trial evidence discussed above, the HTN guidelines do differ in the guid-
ance given, over the age cut-off for elderly, the BP at which BP lowering should 
begin, and the target BP (see Table 7.2). At the most liberal end is the American 
College of Physicians [19] which recommends a target sBP < 150 for the elderly, 
defined as those ≥60 years of age, and sBP < 140 only for those who are also at high 
CV risk. At the other end are the Australian [20] and Canadian [14] guidelines 
which both define the elderly as ≥75 years of age and recommend a target sBP of 
<120. Both these follow the definitions and targets from the SPRINT trial. The 
American College of Cardiology/American Heart Association (AHA/ACC) [2] 
guidelines which were published in 2017 had a blanket target of 130/80 for every-
one, including the elderly, defined as ≥65 years. Despite the SPRINT trial findings, 
the AHA/ACC workgroup chose 130 rather than 120 given the concern that the 
achieved sBP in SPRINT in the intervention group was 123 and that the method of 
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measuring BP in SPRINT, with an automated office BP (AOBP) monitor was not 
widely practiced. AOBP assesses BP after 5 min of resting and provides fully auto-
mated readings over a 5-min period while the patient is quietly resting alone. The 
AOBP method more closely matches the mean daytime BP than the numbers 
obtained with a casual office BP. This method also minimizes white coat HTN and 
can lead to sBP measurements about 7–12 mmHg lower than a single automated/
oscillometric BP measurement, which is most commonly used [21]. For similar 
reasons related to BP measurement and other concerns with SPRINT, the European 
[18] and the International Societies [15] also chose a more liberal target of <140/80 
for the elderly. Notably, the European guidelines [18] also have a floor of 130/70 for 
the BP target, recommending BP not be lowered below this, which would be diffi-
cult in practice given the high prevalence of isolated systolic HTN (coupled with 
low diastolic BP) in the elderly. Similarly, the Department of Veterans Affairs and 
the Department of Defense guidelines (VA/DoD) recommend treating to an 
sBP < 150 for most with added benefit of lowering sBP further for those between 
130 and 150 for patients ≥60 years [16]. Lastly, the Japanese guidelines [17], in 
keeping with the two Japanese trials, also suggest somewhat liberal targets at two 
different age cut-offs: < 130/80 for those 65–74 years age, and < 140/80 for those 
≥75 years age.

This veritable smorgasbord of guidelines does create some confusion for the 
practitioner. If we review some of the eligibility and the adverse effects from the 
same trials, we can understand how different societies and workgroups came to 
divergent guidance based on the same set of evidence.

�Pitfalls in Lowering BP in Elderly

Lowering BP does lower the risk of several cardiovascular outcomes, but also comes 
with certain baggage. There is an increase in hypotension-related adverse effects, 
which are particularly important in certain participants, such as the elderly. Common 
adverse effects of lowering BP are postural orthostasis and/or post-prandial hypo-
tension, dizziness, falls, risk of kidney failure, electrolyte imbalances, and poly-
pharmacy, all of which are more clinically relevant in the elderly population [5]. 
However, when it comes to the RCT evidence, the overall safety outcomes reported 
are mostly similar in both groups with a few notable exceptions (see Table 7.3). The 
two Japanese trials which did not report a significant benefit with BP lowering [9, 
10] (JATOS and VALISH) also did not report more adverse events with BP lower-
ing. This is also in keeping with the small, achieved difference in BP (< 10 mmHg 
in sBP between arms) in these two trials. The other trials did report more hypotension-
related adverse events in the lower BP arm, and other adverse events possibly related 
to the drugs used (e.g., electrolyte disorders from thiazides, ankle swelling from 
calcium channel blocker). However, notably despite an increase in hypotension, 
there was no increase in fractures in the most recent trials (STEP and SPRINT) [11, 
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Table 7.3  Select exclusion criteria and adverse effects in trials of hypertension in the elderly

Trials Select relevant exclusion criteria Select adverse effects in lower BP arm

SHEP 
(2000) [6]

Other serious illnesses (cancer, 
alcoholic liver disease, established renal 
dysfunction, with competing risk for the 
SHEP primary end point or the presence 
of medical management problems)

Falls (2.5% higher)
Nocturia (2.0% higher)
Unusual joint pain (3.6% higher)
Severe headaches (1.1% lower)

HYVET 
(2008) [8]

Condition expected to severely limit 
survival, e.g. terminal illness.
Clinical diagnosis of dementia
Resident in a nursing home
Unable to stand up or walk
Standing sBP < 140 mmHg

Serious adverse events 448 in the placebo 
group and 358 in the active-treatment 
group (P = 0.001). Only five of these 
events (three in the placebo group and 
two in the active-treatment group) were 
classified by the investigators as possibly 
having been due to the trial medication

JATOS 
(2008) [9]

Recent stroke or acute coronary 
syndrome
Congestive heart failure of NYHA class 
II or higher
Malignant disease or collagen disease

Adverse events overall similar (p = 0.99)
Treatment discontinuation due to adverse 
events also similar (p = 0.99)

VALISH 
(2010) 
[10]

Recent stroke or acute coronary 
syndrome
Severe heart failure (≥NYHA functional 
classification III)
Severe aortic stenosis or valvular 
disease
Other patients who are judged to be 
inappropriate for
The study by the investigator

Overall similar 18.2% vs 17.9% 
(p = 0.85)
Those related to valsartan (5.6% versus 
4.4%; p = 0.13)

SPRINT 
Elderly 
(2016) 
[11]

Recent stroke or acute coronary 
syndrome
One-minute standing SBP <110 mmHg
Symptomatic heart failure within the 
past 6 months or left ventricular ejection 
fraction <35%
A medical condition likely to limit 
survival to <3 years or a malignancy 
other than non-melanoma skin cancer 
within the last 2 years
Institutionalized or wheelchair bound

Overall serious adverse events HR, 0.99 
(95% CI, 0.89–1.11)
Syncope: 3.0% vs 2.4%, HR, 1.23 (95% 
CI, 0.76–2.00)
Electrolyte abnormalities (4.0% vs 2.7%; 
HR, 1.51 (95% CI, 0.99–2.33)
Acute kidney injury or renal failure 
(5.5% vs 4.0%; HR, 1.41 (95% CI, 
0.98–2.04)

STEP 
(2021) 
[12]

Recent stroke or acute coronary 
syndrome
New York heart association class III-IV
Severe liver or kidney disease
Cognitive impairment

Hypotension, RR 1.31 (95% CI 
1.02–1.68)
Fracture RR 0.79 (95% CI 0.40–1.56)
30% reduction in GFR RR 0.90 (95% CI 
0.63–1.30)

SHEP Systolic Hypertension in the Elderly Program, HYVET Hypertension in the Very Elderly 
Trial, sBP Systolic Blood Pressure, NYHA New York Heart Association, JATOS Japanese Trial to 
Assess Optimal Systolic Blood Pressure in Elderly Hypertensive patients, VALISH Valsartan in 
Elderly Isolated Systolic Hypertension, SPRINT Systolic Blood Pressure Intervention Trial, HR 
Hazard Ratio, CI Confidence Interval, STEP Strategy of Blood Pressure Intervention in the Elderly 
Hypertensive Patients, RR Relative Risk, GFR Glomerular Filtration Rate
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12]. These aspects make sense in the assessment of the totality of the trial methods 
including the eligibility criteria (see Table 7.3).

Perusing the exclusion criteria of the trials does allow one to understand why the 
adverse effects with BP lowering are lower than what one would expect to see in 
real life. These trials were designed to exclude individuals at high risk for adverse 
events with BP lowering. Apart from usual exclusions (such as a recent stroke or 
acute coronary syndrome), these trials also excluded individuals in a nursing home 
(HYVET, SPRINT) [8, 11], those with a standing BP below a certain threshold 
(sBP < 110 in SPRINT, sBP < 140 in HYVET), and those with cognitive impair-
ment or dementia (HYVET, STEP) [8, 12]. These exclusions are important to keep 
in mind while making BP-lowering decisions in the elderly.

�Outcomes and Shared Decision-Making

From the previous discussion of the benefits and adverse events, it is important to 
consider patient safety, quality of life, life expectancy, time-to-benefit from therapy 
when treating BP in these patients. Patient selection for intensive BP lowering is 
important to avoid adverse events. However, age and frailty are not synonymous and 
older patients are often at high CV risk and deserving of receiving the benefit of BP 
lowering. It is crucial to have a shared decision-making process where patients are 
involved in whether benefits associated with treating BP outweigh the risks. Valuing 
stroke prevention may be important for some while avoiding hypotensive falls and 
pill burden might be more important for others.

HTN management is not straightforward, and many patients may not appreciate 
the complexity behind it. They may be hesitant with respect to adherence to treat-
ment despite benefits that have been supported by clinical trials [5]. In addition to 
initial acceptance of treatment, the long-term treatment plan is complex with fol-
low-up appointments, adjustments in drug administration, and potential side effects. 
Few studies have been conducted on patient drug adherence in older age and the 
long-term adherence and management does not get simpler [5]. As such, involving 
patients in the decision-making process can assist with patient adherence. It may 
also be safer for patients as they will understand the benefits and risks associated 
with treatment. On the other hand, Benneton et al. [5] also discuss that physicians 
may not be convinced of the benefits of treating elderly patients with HTN as most 
previous studies have been observational and trials are conducted in a controlled 
setting where most participants are adherent to treatment plan and stringent fol-
low up [5].

As such, a shared decision-making model between the patient and healthcare 
provider will help with patient’s understanding of the advantages and disadvantages 
associated with treatment, as well as patient adherence. The shared decision-making 
process is often seen as more complicated however it is highly relevant in elderly 
patients with multi-comorbidities. The latter allows healthcare providers to focus on 
the goals and wishes of the patient and cater the treatment plan based on that.
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�Drug Classes and Deprescribing

Drugs of the first line, in particular angiotensin converting enzyme inhibitors (ACEi) 
and thiazide-like diuretics (indapamide or chlorthalidone) were commonly used in 
the trials that demonstrated benefit. It is important to be alert and also avoid the 
prescribing cascade which is adding a drug to counteract another drug’s side effects. 
For example, adding a diuretic to counteract the side effect of development of 
peripheral edema with a calcium channel blocker—which is due to vasodilation and 
better treated by using a low dose in combination with an ACEi or an angiotensin 
receptor blocker. Drug classes that should be avoided in the elderly include alpha-
adrenergic antagonists, in particular, that are associated with hypotension-related 
adverse events [22].

Aging is associated with multiple morbid conditions and multiple medications 
for each condition leading to polypharmacy. The latter is associated with significant 
adverse events and higher hospitalization rate [23]. Shepperd et  al. discuss the 
importance of deprescribing which is defined as eliminating an inappropriate or 
unnecessary medication, supervised by a licensed healthcare professional in order 
to decrease the burden of medication and prevent adverse effects. CVs are consid-
ered good targets for deprescribing since they are started for preventive measures 
rather than treating an acute illness or symptom. A recent Cochrane review found no 
evidence of association between withdrawing anti-HTN medication in the elderly 
and mortality, myocardial infarction, stroke or hospitalisation [24]. BP did increase 
by 10/4 mmHg in the six trials included, however, follow-up was short which pre-
vented firm conclusions on risks with deprescription. The Optimising Treatment for 
Mild Systolic Hypertension in the Elderly (OPTIMISE) trial examined the short-
term safety and efficacy of anti-HTN deprescribing [25]. Recruited participants 
were aged 80 years or older, with sBP at baseline <150 mmHg and prescribed two 
or more antihypertensive treatments for at least 12  months prior to enrollment. 
Patients with a history of heart failure, myocardial infarction/stroke in the last 
12 months, secondary HTN or lack of capacity to consent were excluded from the 
study. Participants were randomized to either medication reduction or standard care. 
An algorithm was provided to physicians on the choice of drug for withdrawal. A 
total of 569 participants were randomized, 560 of whom were multimorbid and 
mean age was 85 years. The trial lasted for 12 weeks. The findings demonstrated 
that medication reduction was associated with an important increase in BP 
(3/2  mmHg) but no differences in quality of life, frailty, side effects or serious 
adverse events. However, the study was not powered to detect differences in clinical 
outcomes such as adverse CV events or death. Further research is needed to estab-
lish long-term outcomes in deprescribing anti-HTN medications in asymptomatic 
individuals as it remains unclear on the potential long-term effects. However, the 
trajectory of BP in the years prior to death has been known to be one of decline [26]. 
The changes in sBP from peak values ranged from −8.5 mmHg (95% CI, −9.4 to 
−7.7) for those dying aged 60 to 69  years to −22.0  mmHg (95% CI, −22.6 to 
−21.4) for those dying at 90 years or older; overall, 64.0% of individuals had SBP 
changes of greater than −10 mmHg. Thus, in this scenario of declining BP, or in 
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presence of hypotension symptoms, deprescribing BP medications may be the 
appropriate action.

�Unanswered Questions

As mentioned previously, dBP will typically be lower than sBP in older adults due 
to central arterial stiffness. dBP below 60 or 65 mmHg in patients with isolated 
systolic HTN and known coronary artery disease has been associated with higher 
risk of stroke and CV events [27]. Though the SPRINT data does suggest benefit of 
intensive BP lowering across tertiles of dBP, the safety of intensive sBP lowering in 
the setting of very low dBP (< 60) in the elderly would benefit from more data [28]. 
As mentioned above, though deprescribing reduces the pill burden, the longer-term 
safety remains uncertain. Lastly, newer BP-lowering agents and device therapy are 
now making it into the clinical realm. The elderly population often gets excluded in 
phase 3 trials, and their efficacy/safety would remain to be established.

�Conclusion

John H. Hay is quoted as saying, “The greatest danger to a man with high blood 
pressure lies in its discovery because then some fool is certain to try and reduce it” 
[29]. HTN management in the elderly is complex and an individualized approach is 
mandatory. The latter allows the values and goals of the patient to be considered, as 
well as their overall health status to provide proper care [30].

�Discussion of Clinical Case Scenarios

Though patient 1 has an sBP not at target and pre-existing vascular disease with 
high risk of adverse CV outcomes, he also has several concerning features suggest-
ing high risk of adverse outcomes with BP lowering. He has a significant orthostatic 
drop in BP with a sBP < 110 mmHg, and though not explicit, there is a concern of 
early cognitive impairment and falls—such that they are moving to an assisted liv-
ing facility. Such a patient would not have been enrolled in the trials demonstrating 
benefit (SPRINT, STEP) and one should be cautious about extrapolating those data 
for this patient. Indeed, one could even consider deprescribing or reducing some of 
his BP-lowering medications given the concern for falls and orthostatic hypotension.

The second patient is older, but she is independent and active. She has no major 
red flags of concern and has no orthostatic drop. Despite the age, her risk profile 
suggests a high risk of future CV outcomes, and it would be reasonable to discuss 
the benefits of intensive BP lowering (< 130, or even <120) as appropriate and esca-
late BP-lowering therapy.
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Chapter 8
Diabetic Nephropathy in Advanced Age 
Patients

Christos P. Argyropoulos and Maria-Eleni Roumelioti

�Introduction

Case Vignette Introduction
Ms X is an 80-year-old woman who is scheduled to see you for a new appointment 
to investigate her “kidney disease”. She has had diabetes type 2 requiring medica-
tions for 20 years, but her primary care physician has told her she had had “pre-
diabetes” for another 10 years prior to that. Her diabetes was complicated by the 
development of neuropathy, but not retinopathy. A review of her lab records sent 
over by the endocrinologist shows that she has kept her hemoglobin A1c to between 
7–7.8%, with most measurements over 7.5%. Her most recent estimated glomerular 
filtration rate is 40 mL/min/1.73 m2, and her LDL is 70 mg/dL. While she is cur-
rently living independently, she is having increasing difficulty performing the activi-
ties of daily leaving, while taking care of her husband with progressive cognitive 
decline. She has many questions about the diagnosis of her kidney disease (“I feel 
fine”) and the approach to management. We will use her case to illustrate the 
nuances of taking care of kidney disease in a patient with an advanced age and 
diabetes type 2.

Diabetes mellitus (DM) and chronic kidney disease (CKD) represent major 
health issues and are highly prevalent in older adults. One should not overlook the 
fact that the process of aging and the long-term complications of DM affect multiple 
organs including the kidneys. Historically known as diabetic nephropathy (DN), 
CKD in patients with DM is often abbreviated as diabetic kidney disease (DKD) 
and is the major cause of CKD and end-stage kidney disease (ESKD) in those over 
60 years old [1]. However, diabetic kidney disease infers the absence of other etiolo-
gies and in adults with advanced age, other factors could be operative such as 
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previous AKI episodes, medications, cholesterol emboli, and other glomerular dis-
ease. Most patients with diabetes and CKD are never biopsied but a third of new 
ESKD cases in those over 75 years old are attributed to diabetes.

The growing population of older patients with diabetes and CKD poses many 
great challenges. General diagnostic criteria and treatment options, although widely 
available, need to be applied with caution. Multidisciplinary medical management 
due to co-existing comorbidities is also required and these patients may eventually 
enter assisted living or a nursing home. Adults with advanced age, diabetes and 
CKD often have psychiatric disorders, audiovisual impairments, plus neuropathy 
that impairs proprioception and balance. In addition, diabetic-caused vascular dis-
ease increases the risk of cognitive impairment and in this vulnerable population 
challenges adherence to complex medical regimens [2].

CKD care for older patients with diabetes has to recognize the wider challenges 
faced by a globally reduced workforce in the field. Though guidelines have incorpo-
rated fixed, non-age dependent criteria for referral to nephrology, strict adherence to 
such criteria may lead to referral of lower-risk advanced age patients who may not 
derive benefit as compared to  younger individuals  [3], while the likelihood of 
regression, i.e., a spontaneous improvement in kidney filtration, often exceeds the 
likelihood of progression [4]. CKD in the setting of diabetes is often a non-
proteinuric form of kidney disease [5–8] and the presence of proteinuria or CKD in 
an older patient with diabetes doe not necessarily reflect diabetic kidney disease. 
This creates challenges in translating interventions which are often tested in popula-
tions with some degree of proteinuria to those patients with (near-) normoalbumin-
uria. Nevertheless, recent therapeutic improvements in the field of DKD apply 
equally to advanced age and younger patients and can be deployed either in primary 
or as pillars of therapy in a multidisciplinary management program for diabetes.

�Definition, Epidemiology, and Health Resource Utilization

The typical form of DKD, and the disease most often associated with the historical 
term DN, is a syndrome characterized by the presence of pathological quantities of 
urine albumin excretion (>500 mg/24 h in at least three consecutive samples), dia-
betic glomerular lesions, and loss of GFR in patients with pre-existing diabetes [9]. 
Diabetic kidney disease is a major micro-vascular and macro-vascular complication 
of both type I and type II.

Over the past 30 years the incidence and prevalence of diabetes, especially type 
2 DM, as an attributed cause of ESKD has increased [5] and has become a global 
pandemic. This is largely a result of the increasing prevalence of DM per se. In a 
National Health and Nutrition Examination Survey (NHANES analysis: 2003–2004 
until 2013–2014) the estimated frequency of DM increased by nine million, affect-
ing 30.2 (13%) million US adults [5]. The 2020 National Diabetes Statistics report 
that incorporated data from 2013–2018 suggests very little improvement [10]. 
Among the advanced age patients, the historically reported incidence of diagnosed 
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DM is 10–18%, but this appears to be increasing. Notably, between 1994 and 2004, 
the prevalence of DM in the age group over 65 in the United States increased by 
62%. In the United States’ National Diabetes Statistics Report [10], the prevalence 
of diagnosed and total diabetes was 21.4% and 26.8% respectively, in those over 65. 
The International Diabetes Federation Atlas [11] projects similar patterns world-
wide and an increasing trend of DM up to 2045.

The higher rates of DM threaten the improvement in the incidence rates of CKD 
which has been observed in recent years [12]. For example, the prevalence of CKD 
among the advanced age patients decreased from 43.2% to 36.8% for time periods 
2003–2006 and 2015–2018 respectively, while the prevalence of CKD with diabe-
tes decreased from 41.5% to 36.3% during the same period. Using estimates from 
NHANES [5], approximately 26.2% of US adults with diabetes would meet the 
criteria for CKD using either a criterion of reduced estimated glomerular filtration 
rate (eGFR), or increased albuminuria, and nearly 56% of these individuals with 
CKD would have albuminuria. The unadjusted prevalence of albuminuria in those 
older than 65-year-old was nearly 35% higher than in those younger than 65 (32.3% 
vs 23.9%). Similar findings are noted in non-US populations [13]. Projections 
derived prior to the COVID-19 pandemic, that factored in the various temporal 
trends, however, predict a stabilization of the incidence, but rising prevalence in the 
ESKD from 2015 to 2030 [14]. It is important to realize that subgroups continue to 
experience higher rates of ESKD due to DM; these groups include African 
Americans, Hispanic Americans and American Indians [5], and these changes 
highlight the disparities in the provision of diabetes and kidney care in the 
United States.

The overall cost of care for patients with diabetes and CKD is substantial. The 
USRDS 2021 report tabulated US Medicare costs for individuals older than 65. 
Excluding ESKD costs, total Medicare expenditures were 23.9% for patients with 
DM, 13.6% among those with CKD and nearly half of the CKD related costs (6.8% 
out of 13.6%) were generated for advanced age patients with CKD and DM. Not 
adjusted for inflation, the per-person spending for older patients with CKD and DM 
was $54,489 for CKD stage 4 and $47,168 for stage 3, which were substantially 
higher than the corresponding figures for older individuals with CKD but without 
DM ($43,640 for stage 4–5 and $30,743 for stage 3). The three larger categories of 
costs included inpatients costs (24.8% of total), physician/supplier (17.2%), and 
medications (10.7%).

�Pathophysiology, Pathology, and Natural History

Case Vignette Continued
Ms X is really puzzled about her referral for evaluation of kidney disease. She says 
that her diabetes provider has always congratulated on her meticulous control of 
her glycemia for years and is puzzled that her kidney function is now below normal. 
She questions you specifically to rule out the possibility that her “slowing” kidney 
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function is not due to diabetes, but part of her normal aging. Or could it even be due 
to both factors?

The aging process in the kidney starts to occur at the end of third decade of life 
and.aging abnormalities in the kidney include vascular changes, fibrosis due to 
global sclerosis and collagen accumulation, increased mesangial and endothelial 
cell numbers, mesangial matrix expansion, basement membrane thickening, 
podocyte depletion, interstitial fibrosis and tubular atrophy [15]. Nephron loss 
occurs with advancing age [16], but this loss is not associated with increase in 
single nephron GFR and hyperfiltration [17, 18]. DM may accelerate biologic 
aging at both the cellular and the organ level, by leading to hyperfiltration, an 
increase in the single nephron GFR and an accelerated loss of kidney function. 
Hence, DKD in the advanced age patients could be thought as yet another demon-
stration of the “Brenner hypothesis”, i.e. that hyperfiltration drives the progres-
sion of kidney disease [19, 20] in a limited (due to aging) kidney functional 
reserve. Hyperglycemia and the subsequent oxidant stress may hinder the limited 
auto-repair capability of the aged kidney tissue and contribute to accelerated 
nephron loss in diabetes. Early genetic studies showed that there is an overlap of 
loci associated with albuminuria in aging mice and human patients with diabetes 
[21]. One significant and eight suggestive loci were found, while two of the nine 
mouse loci for age-related albuminuria were significantly associated with diabetic 
nephropathy. This suggests a common pathway of renal senescence and diabetic-
related kidney disease.

In older patients with diabetes, pathologic changes are also the result of the 
accumulation of advanced glycation end products (AGEs) [22]. The expression of 
receptors for AGEs or RAGR (cell surface receptor of AGEs) is increased in both 
aging and DM. AGEs favor oxidation and inflammation [23, 24] and increase the 
likelihood of age-and diabetic-related CKD [25]. The complexity of the molecular 
mechanisms underlying the progression of DKD in older patients [26] reveals a 
complex interplay between oxidative stress, inflammation and hyperglycemia have 
emerged.

Translational medicine efforts have continuously refined our understanding of 
DKD, and various prognostic markers have been tentatively identified as mapping 
to pathways associated with aging, inflammation, oxidative stress and ischemia-
reperfusion in addition to the more traditional factors of glycemia and generation of 
AGE products [27]. Inflammation and tissue fibrosis in DKD may be the result of 
aberrant activation of the mineralocorticoid receptor. While most nephrologists 
associate aldosterone and other endogenous mineralocorticoids with electrolyte 
transport in the distal nephron, the first studies with these hormonal agonists showed 
that systemic administration of mineralocorticoids may promote damage in many 
vascular beds (including the kidney) and tissue fibrosis [28]. Mineralocorticoid 
receptor signaling links together tissue injury, oxidative stress, inflammation, arte-
rial hypertension and fibrosis in both the cardiovascular system and the kidney 
[29–31]. While this rather complex pathophysiology has yet to translate to thera-
peutic advances [32], targeting hyperfiltration, with sodium glucose co-transporter 
two inhibitors, and the final common pathway of inflammation and fibrosis with 
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non-steroidal mineralocorticoid receptor antagonists, can slow kidney disease 
progression.

�Pathology

The 2010 Pathologic Classification of Diabetic Nephropathy [33] recognizes that 
DKD may affect all structures and compartments within the kidney: glomeruli, arte-
rioles, mesangium, tubules and the interstitium. In particular, one may observe the 
following lesions:

	(a)	 Glomeruli: (1) diffuse intracapillary glomerulosclerosis with mesangial widen-
ing, thickening of the capillary wall and glomerular basement membrane, capil-
lary dilation and formation of microaneurysms, and eventually capillary 
narrowing and reduced glomerular circulation, (2) nodular intercapillary 
(Kimmelstiel and Wilson) glomerulosclerosis.

	(b)	 Arterioles: subintimal hyaline deposits (exudative or insudative lesions) [34] in 
afferent and efferent arterioles (hyaline arteriosclerosis). Deposits may also 
present in capillary walls (fibrin caps) and Bowman capsules (capsular drops) 
[35]. Capsular drops are in general considered to be specific for DKD [36], and 
may also be observed in 5.3% of biopsies without diabetes [34]. Capsular drops 
are useful to distinguish between diabetic and non-diabetic causes of glomeru-
losclerosis [33].

	(c)	 Mesangium: DKD is defined histologically by mesangial matrix expansion/
mesangiolysis and mesangial cell proliferation, and is estimated through the 
mesangial fractional volume (Vv[mes/glom]). Mesangial fractional volume 
correlates with GFR and the presence of albuminuria and hypertension [35].

	(d)	 Tubules and Interstitium: tubular atrophy and basement membrane thickening, 
interstitial space expansion and eventually fibrosis [37].

Based on these observations, a staging system has been proposed based on the 
glomerular pathology, with a separate quantitative evaluation for interstitial and 
vascular lesions (Table 8.1 and Table 8.2). The glomerular stage is assigned on the 
basis of the most severe lesion observed in the kidney biopsy, e.g., a biopsy showing 
Kimmelstiel–Wilson nodules and global sclerosis in >50% of the glomeruli will be 
assigned a stage IV rather than III.

Some of the histologic lesions can be related to biological aging, while others 
may be related to age, chronic inflammation or vascular disease [38]. Older patients 
with type II diabetes may also have renal artery stenosis (RAS) leading to kidney 
ischemia [39] or intrarenal arterial hyalinosis lesions [40]. While hyalinosis of the 
efferent arteriole is relatively specific for DKD, afferent arteriolar hyalinosis may be 
observed in other conditions e.g., hypertensive nephropathy. In recent years there 
has been an increasing prevalence of patients with normoalbuminuric kidney dis-
ease in advanced age patients with diabetes, and this clinical phenotype may be 
associated with an interstitial, tubular atrophy or vascular form of kidney injury [41, 
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Table 8.1  Glomerular staging system for diabetic kidney disease

Class Description Defining feature

I Mild or nonspecific LM changes and 
EM-proven GBM thickening

GBM > 395 nm in female and > 430 nm in 
male individuals 9 years of age and older

IIa Mild mesangial expansion Mild mesangial expansion in >25% of the 
observed mesangium

IIb Severe mesangial expansion Severe mesangial expansion in >25% of the 
observed mesangium

III Nodular sclerosis (Kimmelstiel–Wilson 
lesion)

At least one convincing Kimmelstiel–Wilson 
lesion

IV Advanced diabetic glomerulosclerosis Global glomerular sclerosis in >50% of the 
glomeruli

EM electron microscopy, LM light microscopy, GBM glomerular basement membrane

Table 8.2  Interstitial and vascular lesions in diabetic kidney disease

Lesion Criteria Score

Interstitial lesions
IFTA No IFTA 0

<25% 1
25% to 50% 2
>50% 3

Interstitial inflammation Absent 0
Infiltration in areas with IFTA 1
Infiltration in areas without IFTA 2

Vascular lesions
Arteriolar hyalinosis Absent 0

At least one area of arteriolar hyalinosis 1
More than one area of arteriolar hyalinosis 2

Large vessels Yes/no
Arteriosclerosis (score worst artery) No intimal thickening 0

Intimal thickening less than thickness of media 1
Intimal thickening greater than thickness of media 2

IFTA interstitial fibrosis and tubular atrophy

42] than more typical glomerular lesions of diabetes. Notwithstanding these obser-
vations, serial biopsy studies have shown that among patients with DM and normo−/
microalbuminuria, loss of kidney function is associated with mesangial expansion 
[43], underscoring the importance of the mesangium as an early initiator of 
DKD.  More recent molecular phenotyping in the multicenter TRIDENT 
(Transformative Research in Diabetic Nephropathy) study [44] showed that glo-
merular lesions (glomerulosclerosis/mesangiolysis) and podocyte injury were the 
strongest predictors for the rate of decline in kidney function, but interstitial fibrosis 
was a very strong predictor of eGFR at the time of the kidney biopsy. Such data 
would point toward the glomerulus as the site of initiation of the typical DKD lesion 
with tubulointerstitial lesions being an outcome, rather than a cause of 
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DKD. However, the tubule itself may be an important site of action of therapies that 
reduce the rate of progression of DKD, as we will discuss below in the section about 
therapies.

Autopsy findings may shed some light into the natural history of the histopatho-
logic changes of DKD in relation to the clinical manifestations [45]. Data analyzed 
from 168 patients with either type 1 or 2 diabetes found that histopathologic changes 
attributable to DKD were present in 106 patients, while in 20 out of those 106 
patients, clinical manifestations associated with DKD had been absent during their 
lifetimes. Underdiagnosed DKD encompassed all classes except the sclerotic class. 
Microalbuminuria or macroalbuminuria was not associated with the presence of 
histologically proven DKD.  Hence, kidney lesions associated with diabetes may 
develop before the onset of clinical laboratory abnormalities.

�Natural History

Structural changes lead inevitably to functional changes. The natural history of 
DKD is easier to study on patients with type I DM since the onset of the disease can 
be specified most of the times. Unfortunately, the onset date for type II DM is dif-
ficult to establish because the diagnosis is often incidental. Almost 50% of these 
patients are unaware of their disease. The first important step is the accurate assess-
ment of kidney function (eGFR) and assessment for kidney damage (urine albumin 
to creatinine ration, UACR) in older patients. With aging, kidney function shows a 
moderate reduction due to a proportionate blood flow reduction even without diabe-
tes. Normal GFR when measured as inulin clearance is about 80 mL/min/1.73m2 for 
the 75–79 years age group, and 65 mL/min/1.73m2 for those 80–89 years old. The 
CKD determination of an older patient needs to consider the age appropriate loss of 
GFR due to nephron senescence [46]. The typical DKD lesion is thought to progress 
through 5 stages, with albuminuria and eGFR being the main determinants of kid-
ney function for each stage.

Glomerular hyperfiltration and kidney hypertrophy initiate DKD (Stage 1). Age-
unadjusted definitions of hyperfiltration propose a range of 125–175 mL/min/1.73m2. 
Approximately one-third of patients with type I DM patients have a 20–40% higher 
eGFR than age-matched patients without diabetes. Glomerular hyperfiltration due 
to hyperglycemia may be controlled with intensive insulin-therapy but is also a sign 
of future clinical DKD [47]. As discussed previously, the hyperfiltration and increase 
in the single nephron GFR may be a key factor in the acceleration of the physio-
logic, age-related kidney senescence.

Early glomerular lesions (glomerular basement membrane thickening, mesan-
gial matrix widening) occur as soon as 18–36 months after the initial diagnosis and 
become more prominent 3.5–5  years later [48]. These histologic changes define 
Stage 2. The UACR is normal in this stage and DKD is silent, since neither markers 
of impaired filtration (eGFR), nor markers of kidney damage (UACR) will be 
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abnormal. However, intense exercise or poorly controlled hyperglycemia may 
unmask microalbuminuria.

Stage 3 is the stage of microalbuminuria (>30  mg/24  h or 20  μg/min and 
< 300 mg/24 h or 200 μg/min detected in two or more urine specimens over three or 
more months); the first laboratory evidence of DKD or else ‘insipient DKD’. 
Hypertension may also be present in Stage 3. Microalbuminuria is not a consistent 
finding and may be exacerbated by fever, exercise, high salt consumption, hyperten-
sion, poorly controlled hyperglycemia, and congestive heart failure [49]. Screening 
is performed by measuring the UACR in a morning urine sample. Measurements of 
albumin levels are also performed in 24-h or short-term urine collections and are 
more accurate than the screening process. After 5–10 years of having type I DM 
approximately 25–40% of the patients show persistent microalbuminuria [50]. In 
both types of DM persistent microalbuminuria is an ominous sign of kidney dam-
age, signifying progression to CKD and eventually to ESKD. Therefore, this finding 
has become an essential part of the treatment strategies of DKD [51].

Stage 4 is the stage of overt or clinical DKD. It is characterized by an increase in 
albuminuria (> 300 mg/24 h to nephrotic range), progressive decline of eGFR and 
worsening hypertension. Systolic and diastolic hypertension accelerate the rate of 
kidney function decline. Aggressive blood pressure control is essential at this point, 
otherwise eGFR declines at a linear rate (7.5–28 mL/min/year) [52, 53].

Stage 5 is the stage of ESKD. For approximately 30–40% of patients with type I 
DM the development of ESKD is inevitable after 20–40 years of suboptimal man-
agement of the disease. The interval between Stage 4 and 5 has increased in the 
most recent years due to the availability of more effective treatments for uncon-
trolled hyperglycemia and hypertension as we will discuss below in the treatment 
section of this chapter.

In summary, the classic presentation is the occurrence of albuminuria leading 
to a GFR decline/loss of kidney function over time. Microalbuminuria is the first 
clinical sign of DKD and precedes albuminuria. Albuminuria in the advanced age 
diabetic patients can be the result of other conditions, while atypical presentations 
of kidney disease in this population (without albuminuria) are often observed 
[54]. Other studies have suggested that normoalbuminuric DKD may be more 
likely in older, female patients, those who maintain higher insulin sensitivity or 
better diabetes control and those treated with inhibitors of the renin angiotensin 
system [5, 55–57]. Numerous studies (reviewed in [58, 59]) have defined risk fac-
tors that increase susceptibility to, initiate the disease process among those sus-
ceptible or accelerate the progression of kidney disease once it has been initiated 
(Table 8.3).

The typical natural history of DKD, sees the development of ESKD within 
25 years after the development of diabetes [2, 33, 58], yet many individuals will 
reach a (cardiovascular) end point or die prior to the anticipated need for dialysis. 
Such competing risks for total and cardiovascular mortality are particularly relevant 
for advanced age individuals with CKD, in whom the relative risk of death may be 
higher in those older than 75 years. In the subgroup of patients aged 75–84 with DM 
but without cardiovascular disease, the risk of death was 2.6 times higher than 

C. P. Argyropoulos and M.-E. Roumelioti



123

Table 8.3  Risk factors of diabetic kidney disease

Demographics Older age, male gender, race/ethnicity (Black, American Indian, Hispanic, 
Asian/Pacific Islanders

Hereditary Family history of DKD, genetic kidney diseases
Systemic 
conditions

Hyperglycemia, microalbuminuria, hypertension, obesity, hyperlipidemia, 
hyperuricemia, arteriosclerosis, coronary artery disease, heart failure, renal 
arterial stenotic lesions, infections

Dietary habits High protein intake, high salt intake
Nephrotoxins NSAIDs, COX-2 inhibitors, radiocontrast agents
Lifestyle/other Tobacco use, lack of exercise, alcohol consumption/acute kidney injury

kidney failure, but was 10 times higher in those who were older than 85 years old. 
Presence of cardiovascular disease magnified the relative risk of death over that of 
kidney failure, underscoring the need for management of the total cardiovascular 
and kidney risk in this patient population.

�Diagnosis

Case Vignette Continued
Having discussed the risk factors for chronic kidney disease in diabetes, Ms X would 
like to explore a diagnostic path that secures the diagnosis of (diabetic) chronic 
kidney disease. She is worried that she will need a biopsy and is inquiring if one can 
possibly make the diagnosis, or at least exclude other conditions via non-
invasive means.

�Clinical Criteria

Screening for DKD in older adults follows the general population guidelines and 
includes measurement of eGFR and UACR upon diagnosis and (at least) annually 
thereafter. CKD can be diagnosed either on the basis of impaired eGFR, or the pres-
ence of albuminuria and this is the guideline-based approach. The Healthcare 
Effectiveness Data and Information Set (HEDIS) Kidney Health quality measure 
has formalized the importance of obtaining both measures for quality improvement 
and will track the percentage of adults who will receive an annual determination of 
both eGFR and urine albumin to creatinine ratio (UACR) in clinical practice [60]. 
Nevertheless, normal age-related loss of kidney function should also be considered 
when caring for an advanced age individual patient as a potential cause of a reduced 
eGFR value (but not albuminuria). Recognition of this phenomenon has led to pro-
posals for an age-adapted definition of CKD [46], by adopting a threshold of 
<45 mL/min/1.73m2 instead of the <60 mL/min/1.73m2. However, such definitions 
are not endorsed in the guidelines, hence the fixed age-independent threshold of 
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60  mL/min/1.73m2 will be assumed in this chapter. The possibility of a kidney 
lesion not related to diabetes should also be considered when investigating individ-
ual patients. The timing of the diagnosis of CKD relative to the development of DM 
may provide some clues. If the CKD pre-dated DM, then the likelihood of a non-
diabetic lesion is particularly high [61]. However, the two conditions are often diag-
nosed simultaneously or within 5–10 years of each other, so this criterion cannot 
often be applied. To properly evaluate older diabetic patients with kidney disease we 
must consider the different and frequently overlapping histologic changes of DKD 
and “normal” aging, the increase in non-diabetic lesions (e.g., vasculitis or glo-
merulonephritis), the presence of kidney dysfunction without albuminuria, and last 
the increased incidence of renovascular disease (RAS) due to atherosclerosis and 
obstructive uropathy in male patients. The typical workup for an older patient with 
diabetes who first presents for evaluation of DKD should include a complete uri-
nalysis with a microscopic exam, UACR, creatinine/eGFR, glucose, sodium, potas-
sium, chloride, bicarbonate calcium, phosphorus, serum albumin and a complete 
blood count. A limited battery of serological tests for hepatitis B and C, antinuclear 
antibodies, rheumatoid factors, complement levels (C3/C4), serum and urine pro-
tein electrophoresis, a free light chain assay and a kidney ultrasound would allow to 
screen for most common non-DKD lesions. If a patient with diabetes has typical 
and advanced retinopathy [62–65], albuminuria and negative serologies, most clini-
cians would diagnose the patient with DKD and would not proceed to obtain a 
kidney biopsy. In the advanced age patient, vascular disease related to atherosclero-
sis, hypertension, and RAS-related ischemia [39, 66] may also be present, and thus 
attention should be paid to the clinical history and or imaging findings (pronounced 
kidney size asymmetry) to determine the likelihood of such conditions.

�Kidney Biopsy Indications

The indications to perform a diagnostic kidney biopsy in a patient with diabetes are 
still controversial. Based on past studies and numerous debates the following list 
summarizes when to consider non-DKD and/or pursue a kidney biopsy [67–70]. 
The indications rest on the so-called atypical features for a DKD lesion, which are 
summarized below:

	1.	 Absence of diabetic retinopathy.
	2.	 Albuminuria developing less than 5 or more than 25 years since the onset of 

Type I DM.
	3.	 Immunological markers or active urinary sediment.
	4.	 Nephritic syndrome.
	5.	 Hematuria.
	6.	 Rapid decline in kidney function (eGFR, > 5 mL/min/1.73m2/year).
	7.	 Acute Kidney Injury.
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	8.	 Significant reduction in eGFR (>30%) after initiation of inhibitors of the renin 
angiotensin system.

	9.	 Acute/sudden onset of macroalbuminuria or the nephrotic syndrome.

It is important to note that such criteria are post-hoc and are justified on the basis 
of histological findings of patients who underwent a kidney biopsy. Nonetheless, 
studies of patients with diabetes and CKD who underwent a kidney biopsy may be 
subject to selection bias regarding the moment in time at which the biopsy was per-
formed [71–73]. A recent meta-analysis of 48 studies [69] examined the histologic 
findings of patients with diabetes who undergo kidney biopsies using clinical crite-
ria. There was considerable variability in the detection rate of a non-DKD lesion in 
this pooled cohort of 4876 kidney biopsies: the prevalence of typical DKD, non-
DKD and mixed forms ranged from 6.5 to 94%, 3 to 82.9% and 4 to 45.5% of the 
overall diagnoses, respectively. Among this diversity of studies, the outcome of a 
kidney biopsy can be predicted as reliably as flipping a coin: only 50% of biopsies 
ordered this way will demonstrate a typical DKD lesion, and the remaining 50% 
will show non-diabetic or mixed forms of pathology. Of interest, very few patients 
in this meta-analysis were older than 60 years old; thus the translation of these find-
ings to the advanced age population is fraught with nuance. Kidney biopsies in 
patients with advanced age may be performed for different indications than the 
younger patients and the findings may be skewed toward diagnoses (such as rapidly 
progressive or membranous glomerulonephritis) that are more commonly seen in 
older adults. In the few studies that have specifically enrolled older individuals with 
or without diabetes and various kidney disease syndromes, the prevalence of a DKD 
diagnosis [74–76] was as variable (range 17–73%) as the studies in the younger 
individuals. Since the histologic diagnosis cannot be predicted from clinical criteria 
[77] and considering the lack of an age-related safety concern (bleeding rate of 
2–3%) in kidney biopsies in various studies [78–80], it may be reasonable to apply 
the same criteria for ordering kidney biopsies in advanced age patients with diabetes 
and atypical features for DKD.

�Treatment

Case Vignette Continued
Ms X, receives a comprehensive laboratory work up that included markers of 
immune-mediated kidney disease (antinuclear antibodies, anti-neutrophilic cyto-
plasmic antibodies, complement levels), hepatitis B and C serologies, serum free-
light chain assays, serum and urine protein electrophoresis, which were 
non-revealing. A kidney ultrasound did not reveal any evidence for obstruction. Her 
urine albumin to creatinine ratio came back at 500 mg/g creatinine. She would like 
to discuss with you a comprehensive management plan that is not limited to medica-
tions. She is particularly worried about the development of hypoglycemia that may 
interfere with her ability to take care of her husband. She would like to avoid drastic 
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changes to her medication regimen, which includes metformin, a daily aspirin, a 
DPP4 inhibitor (linagliptin) and amlodipine.

The treatment of CKD and diabetes in the advanced age patients requires special 
attention because of the multiple concomitant medical problems and comorbidities 
associated with advanced age. Areas of intervention include the encouragement of a 
healthy lifestyle, glycemic and blood pressure control, followed by initiation and 
maintenance of guideline directed appropriate anti-proteinuric and anti-fibrotic 
therapies. We propose a model to organize care that should be delivered to older 
patients with DKD (Fig. 8.1).

Healthy lifestyle modifications should include smoking cessation and moderate 
exercise for at least 150 min/week, while types of exercise for these patients may 
include both aerobic and resistance training activities [81]. Special considerations 
of exercise programs in the older patient living with diabetes do apply, as there are 
contraindications for the practice of specific exercise modalities [82], and special 
attention should be based to the propensity to hypoglycemia and orthostatic hypo-
tension in individuals who may be suffering from autonomic dysregulation. The 
Vivifrail multicomponent exercise program has been introduced to tailor the pre-
scription of physical therapies that are individualized according to the older adult’s 
functional capacity limitations [83].

Sodium restriction to less than 2 g a day is key for hypertension control, espe-
cially under conditions of a diet poor in fresh vegetables. In the latter case, increas-
ing levels of sodium intake has been associated with increased incidence of diabetic 
retinal disease [84]. While a DASH diet should be encouraged for hypertension 
control, it may lead to hyperkalemic episodes in individuals with hyporeninemic 
hypoaldosteronism. Past studies on dietary protein restriction have failed to show a 
clear benefit in DKD [66, 85, 86]. Current ADA guidelines suggest limiting protein 
intake to 0.8–1.0 g/kg/day in those with DM and CKD. One should be aware that 
severe protein restriction may lead to malnutrition, especially in older diabetics with 
nephrotic range proteinuria or nephrotic syndrome.

Fig. 8.1  Comprehensive 
care model for advanced 
age patients with diabetic 
kidney disease
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Hyperglycemia and hypertension are potentially modifiable, and constitute 
major intervention targets. The standard therapeutic goals of DKD are: (1) individu-
alized blood glucose control, (2) blood pressure control (<120 mmHg, noting that 
the ratio of benefits to harm is less certain to those over 90 years old). The risks of 
tight glycemic control have been demonstrated in numerous studies [87–91] due to 
impaired physiologic responses to hypoglycemia and more severe hypoglycemia 
unawareness. The advanced age patients in general and those with CKD will require 
a highly individualized approach to glycemic control and the A1c target that consid-
ers age-related conditions, situational factors, comorbidities and life expectancy.

The European Diabetes Working Party for Older People in 2011 [92] published 
clinical guidelines for older individuals (defined as those ≥70 years of age) [93]. 
According to these guidelines, one may target an HbA1c goal of 7–7.5% and a fast-
ing glucose target range of 6.5–7.5  mmol/L (117–135  mg/dL) in those without 
major comorbidities, but should allow higher goals, i.e., an HbA1c goal of 7.6–8.5% 
and a fasting glucose target range of 7.6–9.0 mmol/L (137–162 mg/dL) in frail indi-
viduals with comorbidities.

The American Diabetes Association (ADA) standards of care in diabetes [94] put 
forward a more expansive framework that simultaneously addresses glycemic tar-
gets, blood pressure and lipid management (Table 8.4). In that framework, coexist-
ing chronic illnesses are defined as conditions that are serious enough to require 
medications or lifestyle management. Examples of such conditions include arthritis, 
cancer, heart failure, depression, emphysema, falls, hypertension, incontinence, 
Stage 3 or worse CKD, myocardial infarction, and stroke. End-stage chronic illness, 
such as stage 3–4 heart failure or oxygen-dependent lung disease, dialysis depen-
dent ESKD, or uncontrolled metastatic malignancy should trigger a movement 
away from HbA1c goals, toward an approach that bases management on the avoid-
ance of glycemia extremes. It should be noted that the blood pressure targets that the 
ADA proposes differ from those in the KDIGO guidelines. Patients and their health 
care providers should engage in shared decision-making to individualize targets 
based among other things on side effects of therapy that impair the quality of life of 
older diabetics.

Current evidence about the effects of statins in older individuals with diabetes is 
not as strong as in younger individuals. When used for primary and secondary pre-
vention, benefits may be realized for those individuals whose life expectancy 
exceeds the time frames (2–6 years) of the clinical trials [95]. Alternatively, one 
may use the time to benefit for a therapy, which for statins was 2.5 years [96] and 
treat individuals who are likely to live longer than this time frame. Many advanced 
age individuals with CKD stage 3a-5 will thus benefit from statin therapy, and in 
fact the KDIGO clinical practice guidelines [92] about treatment of lipids in CKD 
recommends treatment with a statin or a statin/ezetimibe in patients older than 
50 years old. These recommendations are largely based on the SHARP trial [97] 
that randomized 9270 participants with CKD (mean eGFR of 27 mL/min/1.73 m2) 
to receive simvastatin 20 mg plus ezetimibe 10 mg daily or placebo, and followed 
them for 5 years. Statin plus ezetimibe therapy reduced the primary outcome of 
major atherosclerotic event (coronary death, myocardial infarction, need for 
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revascularization, non-hemorrhagic stroke) by 17% (95% CI: 0.06–0.26), largely 
due to reductions in stroke and need for revascularization, without affecting the 
progression to dialysis.

For the pharmacological therapy of DKD in advanced age patients we propose 
that clinicians adopt a pillar model that considers four major drug classes: angioten-
sin converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARBs), 
sodium-glucose co-transporter two inhibitors (SGLT2i) and GLP1 (glucagon-like 
peptide1) receptor agonists (either pure or in dual agonist of the gastric inhibitor 
peptide receptor). This pillar model is based on multiple randomized controlled tri-
als (RCTs) that show that each of these agents in isolation, may have discrete ben-
eficial effects on cardiovascular and kidney outcomes.

Case Vignette Continued
Based on the degree of albuminuria and an elevated blood pressure (155/85) Ms X 
is prescribed lisinopril 40 mg per day. She inquires about the laboratory follow-up 
to ensure she “is safe to take this new drug” and whether this is going to be the only 
medication she will have to take for her kidney disease.

�Inhibitors of the Renin-Angiotensin System

These include ACEi or ARBs and are well established in clinical practice since the 
pivotal trials of irbesartan (Irbesartan Diabetic Nephropathy Trial, IDNT) [98] and 
losartan (Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist 
Losartan, RENAAL) [19]. The results of these landmark trials have been instrumen-
tal in informing the design of subsequent RCTs by providing a standard of care 
therapy, a backbone to which investigational therapies are added on. IDNT and 
RENAAL not only suggested the optimal way to use these agents, i.e., to escalate 
the dose until the maximally tolerated one (in terms of side effects of hypotension, 
hyperkalemia or acute kidney injury) is individualized for each patient, but also sug-
gested residual albuminuria as marker of increased cardiovascular and kidney dis-
ease risk [99, 100]. In fact, residual albuminuria on a maximum tolerated dose of an 
inhibitor of the renin angiotensin system had been a major inclusion criterion in the 
SGLT2i and finerenone trials. Despite their unequivocal benefit in DKD, inhibitors 
of the renin angiotensin system continue to be underutilized, even when absolutely 
indicated. In a recent analysis only 17% of patients with diabetes initiated these 
agents [101] within 12 months of diagnosis of CKD [102]; utilization appears to top 
out at ~60% of eligible patients with no racial disparities in utilization [103]. Even 
when initiated though, the use of these agents is suboptimal because of submaximal 
dosing; in a recent study only one-third of patients were maintained om a maximal 
dose, despite the absence of potential contraindications to dose escalation (systolic 
blood pressure < 120 mmHg, eGFR <15 mL/min per 1.73 m2, serum potassium 
level greater than 5.0  mEq/L, or acute kidney injury within the prior year). The 
British Clinical Diabetologists and the UK kidney association have recently released 

8  Diabetic Nephropathy in Advanced Age Patients



130

guidelines about the management of ACEi and ARBs in patients with diabetes and 
CKD [104]. Of note the guideline does not explicitly consider older individuals and 
thus one is left to extrapolate these recommendations to such patients:

	1.	 When prescribing ACEi or ARBs, kidney function and potassium level should be 
checked within 7–10 days after initiation.

	2.	 A decrease in the eGFR up to 30% may be observed and is reversible.
	3.	 More pronounced drops in kidney function, should prompt investigation for 

underlying causes such as RAS, sepsis, volume depletion or concomitant medi-
cations, e.g., NSAIDs.

	4.	 If no alternative explanation for the deterioration in kidney function is found, 
then one may reduce the angiotensin system inhibitor to a previously tolerated 
dose, or stop them altogether.

	5.	 While an elevation in the serum potassium over 5 mEq/L has traditionally been 
considered a contraindication for the initiation of inhibitors of the renin angio-
tensin system, the recently introduced potassium binders patiromer and sodium 
zirconium cyclosilicate may allow the optimization of dosing of these agents.

	6.	 Combination therapy with ACEi, direct renin inhibitors and ARBs should not be 
undertaken due to multiple clinical trials demonstrating higher risks of side 
effects such as hypotension, hyperkalemia and acute kidney injury with these 
therapies [105], and no conclusive evidence of clinical benefit.

	7.	 In advanced (stage 4 and 5) CKD the incidence of hyperkalemia and kidney 
injury may be substantial, but discontinuation [106] of the inhibitors of the renin 
angiotensin system was associated with higher death rates (hazard ration 1.39, 
95% CI 1.20–1.60), numerically higher risk of progression to ESKD (HR 1.19, 
95% CI: 0.86–1.65) and a lower risk for hyperkalemia HR, 0.65; 95% CI, 
0.54–0.79). The STOP-ACEi [107, 108] RCT provided clinical evidence about 
the benefits vs. harm of stopping the inhibitors of the renin angiotensin system 
in advanced CKD. The study enrolled patients with advanced CKD (eGFR was 
~18 mL/min/1.73 m2 at baseline) and the primary outcome was the difference in 
eGFR between the arm of patients who were maintained on inhibitors of the 
renin angiotensin system and those who had these drugs discontinued. There was 
no difference in the primary outcome at 3 years between participants older than 
65 years (− 0.32, 95% CI -2.72—2.09 mL/min/1.73 m2) and those younger than 
65 years (− 0.32, 95%CI -2.92—2.28 mL/min/1.73 m2). ESKD occurred in 128 
patients (62%) in the discontinuation group and in 115 patients (56%) in the 
continuation group (HR, 1.28; 95% CI, 0.99 to 1.65). There was a similar num-
ber of cardiovascular events (108 vs. 88) and deaths (20 vs. 22).

Case Vignette Continued
Ms X comes back to the office after 3 months. Her blood pressure is 125/73, her 
potassium level is 4.7 and her albuminuria decreased by 40%, but still measures 
300 mg/g of creatinine in multiple measurements. Her eGFR is 38 mL/min/1.73 m2. 
She is very certified about the reduction in blood pressure, and that her urine does 
not show “so high a kidney damage marker level”, and she would like to explore 
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additional pharmaceutical options to reduce her risk for heart and kidney issues, 
risk that is related to her persistent albuminuria.

�Sodium-Glucose Co-Transporter Two Inhibitors (SGLT2i)

SGLT2i are orally administered inhibitors of the SGLT2 transporter. They are small 
molecules that act on the luminal side in the proximal tubule of the kidney. 
Originally, SGLT2i were introduced as modest antiglycemics [109] that reduced 
HbA1c by −0.81 to−1.02% in treatment naive patients and − 0.57 to −0.63% in 
those treated with metformin. When used to reduce HbA1c, the efficacy of these 
drugs rapidly declines as the eGFR drops [110, 111] below 60 mL/min/1.73 m2, as 
their glucosuric effect depends on the total GFR. However, their effects on reducing 
the kidney hyperfiltration is expected to be maintained at low GFRs, as hyperfilter-
ing nephrons will be present at all levels of kidney disease according to the Brenner’s 
hypothesis.

The cardiorenal benefits of SGLT2i were first demonstrated on the cardiovascu-
lar safety trials for empagliflozin (EMPA-REG OUTCOME) [112, 113], cana-
gliflozin (integrated CANVAS program consisting of two clinical trials, CANVAS 
and CANVAR-R) [114–116], dapagliflozin (DECLARE-TIMI-58) and ertugliflozin 
(VERTIS-CV). In these trials the use of the SGLT2i were associated with statisti-
cally and clinically meaningful reductions in Major Adverse Cardiovascular events 
(a composite of cardiovascular death, non-fatal myocardial infarction, or stroke) in 
the case of the empagliflozin and canagliflozin trials and non-inferior effects for 
dapagliflozin and ertugliflozin. In the same trials, beneficial effects were consis-
tently seen for heart failure hospitalizations for all four commercially available 
SGLT2i and a composite kidney specific outcome that included progression to dial-
ysis dependency/need for kidney transplantation and declines in eGFR when the 
definition of the secondary kidney outcomes was harmonized across the four trials 
[110]. SGLT2i have also been trialed in heart failure with reduced (dapagliflozin, 
DAPA-HF [117] and empaglifozin EMPEROR-REDUCED [118]) and preserved 
(dapagliflozin, DELIVER [119] and empagliflozin EMPEROR-PRESERVED 
[120]) ejection fraction. Dedicated kidney specific outcomes for SGLT2i include 
the CREDENCE trial (canagliflozin) [121], the DAPA-CKD (dapagliflozin) [122] 
and EMPA-KIDNEY (empagliflozin) [123]. The latter studies used SGLT2i on a 
background of maximum tolerated dose of an ACEi or an ARB, which is part of the 
standard of care for the management of DKD.

While all trials of SGLT2i have shown consistent benefits on cardiovascular and 
kidney outcomes, not all trials have demonstrated statistically significant benefits 
for all outcomes. A random effect meta-analysis that modeled heterogeneity in 
these trials [124], suggested that the cardiovascular and the kidney benefits are 
most likely a class, rather than an agent specific effect. Hence, the failure to meet 
statistical significance in some of the trials is most likely due to different baseline 
risks, short duration of treatment in the trials that enrolled lower risk patients and 
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outcome definitions [124]. Nevertheless, the current indications on the label of the 
commercially available SGLT2i differ according to the prespecified outcomes of 
their registrational trials: while all four SGLT2i are indicated to improve glycemic 
control along with diet and exercise, ertugliflozin does not have a renoprotective or 
a cardioprotective indication, while canagliflozin, dapagliflozin and empagliflozin 
do. Canagliflozin’s renoprotective indication is limited to patients with DKD, 
while dapagliflozin and empagliflozin are indicated for diabetic and non-diabetic 
forms of kidney disease. Dapagliflozin and empagliflozin are also indicated to 
reduce the risk for cardiovascular death and hospitalization in patients with reduced 
ejection fraction. At the time of this writing empagliflozin is the only SGLT2i 
approved by the FDA to reduce the risk of cardiovascular disease and hospitaliza-
tion in patients with heart failure irrespective of their left ventricular systolic func-
tion (though it is likely that dapagliflozin will also receive this indication based on 
the results of the DELIVER trial). Importantly the cardiovascular and kidney ben-
efit of these drugs do not vary by participant age, as has been shown in multiple 
meta-analyses to date [125, 126]. Table 8.5 summarizes the overall, and age sub-
group results for the primary outcome in the cardiovascular, heart failure and kid-
ney outcomes in the SGLT2i trials to date. Except for the EMPA-REG OUTCOME 
trial, in which the benefits of the drug appeared to be higher in the older subgroup 
of participants, the p-values for the interaction were not statistically significant, 
indicating that the benefit of the SGLT2i do not differ between younger and older 
individuals.

When prescribing SGLT2i it is important to keep in mind the biphasic effects on 
the eGFR, with an acute dip of between 2–5 mL/min/1.73 m2 in the first 3–4 weeks 
after initiation [127–129] followed by stabilization thereafter. SGLT2i inhibitors are 
in general safe drugs, yet certain side effects such as diabetic ketoacidosis, and 
lower limb amputations have made practitioners somewhat cautious to prescribe 
over the years. A recent meta-analysis [130] that considered all major SGLT2i trials 
has quantified these risks in patients with and without diabetes. SGLT2i increase the 
risk of diabetic ketoacidosis in patients approximately two-fold (RR: 2.12, 95%CI 
1.49–3.04) from a very low baseline (47 cases among 34,085 participants) and the 
risk of lower limb amputation by 15% (RR 1.15, 95%CI: 1.02–1.30) from a baseline 
of 460 events/34,082 participants among patients with diabetes. To put these num-
bers into perspective, in the same trials the SGLT2i reduced the death rate by 12% 
(RR: 0.88, 95% CI 0.84–0.93) from a very high baseline of 2901 events/34,113 
participants and the risk for kidney disease progression by 40% (RR: 0.60, 95% CI: 
0.53–0.69) from a baseline of 572 events/9755 participants. For patients with mor-
tality and kidney disease risk profile similar to the participants in these trials, the 
Number Needed to Treat (NNT) to prevent one death [120] and one kidney disease 
progression event [48] were much smaller than the Number Needed to Harm (NNH) 
for the development of one lower limb amputation (309) or diabetic ketoacidosis 
event (636). For most patients, SGLT2i would present an acceptable tradeoff 
between benefits and risks, with the former being 3–10 times larger than the later 
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Table 8.5  SGLT2i and clinical outcomes in older vs. younger individuals (Hazard ratio and 95% 
confidence intervals) 

Clinical trial
SGLT2 
inhibitor Outcome

Overall 
study 
effect

Definition 
of older 
subgroup

Effect on 
younger 
patients

Effect in 
older 
patients

CANVAS
Program

Canagliflozin MACE 0.86
0.75–0.97

≥ 65 
vs < 65

0.91
0.76–1.10

0.80
0.67–0.95

CREDENCE Canagliflozin CRC 0.70
0.59–0.82

≥ 65 
vs < 65

0.64
0.51–0.79

0.77
0.60–1.00

DECLARE-
TIMI-58

Dapagliflozin MACE 0.93
0.84–1.03

≥ 65 
vs < 65‡

0.95
0.83–1.09

0.93
0.82–1.06

DAPA-HF Dapagliflozin HHF 0.74
0.65–0.85

≥ 65 
vs < 65

0.78
0.63–0.96

0.72
0.60–0.85

DELIVER Dapagliflozin HHF 0.82
0.73–0.92

> 72 
vs ≤ 72

0.82
0.69–0.97

0.81
0.69–0.96

DAPA-CKD Dapagliflozin CRC 0.61
0.51–0.72

≥ 65 
vs < 65

0.64
0.51–0.80

0.58
0.43–0.77

EMPA-REG 
OUTCOME

Empagliflozin MACE 0.86
0.74–0.99

≥ 65 
vs < 65

1.04
0.84–1.29

0.71*
0.59–0.87

EMPEROR 
REDUCED

Empagliflozin HHF 0.75
0.65–0.86

≥ 65 
vs < 65

0.71
0.57–10.89

0.78
0.66–0.93

EMPEROR 
PRESERVED

Empagliflozin HHF 0.79
0.69–0.90

≥ 70 vs <70 0.88
0.70–1.11

0.75
0.64–0.87

EMPA-
KIDNEY

Empagliflozin CRC 0.72
0.64–0.72

≥ 70 
vs < 60†

0.72
0.59–0.88

0.65
0.52–0.81

VERTIS-CV Ertugliflozin MACE 0.97
0.85–1.11

≥ 65 
vs < 65

0.90
0.73–1.10

1.03
0.86–1.22

CRC: Cardiorenal Composite (CREDENCE: death from kidney or cardiovascular causes, dou-
bling of serum creatinine, or kidney failure defined as eGFR<15 mL/min/1.73 m2, need for dialysis 
or transplant, DAPA-CKD: death from kidney or cardiovascular causes, decline of >50% of the 
eGFR from baseline and kidney failure, defined as need for dialysis, transplant, or sustained eGFR 
to less than 15 mL/min/1.73 m2, EMPA-KIDNEY: death from cardiovascular cases or progression 
of kidney disease defined as ESKD, sustained decrease in eGFR <10 mL/min/1.73 m2, decrease of 
eGFR >40% from baseline, death from kidney causes), HHF: Hospitalization for heart failure, 
MACE: Major Adverse Cardiovascular Events (composite of cardiovascular death, nonfatal myo-
cardial infarction, or stroke)
*p = 0.01, p-values for all other subgroup analyses >0.05
†Three subgroups <60, 60–69 and > 70 were reported in the supplement of the study
‡Relative risk computed from the number of patients/events reported in the supplement of the pri-
mary publication of the study

depending on the specific pair of outcomes considered [130]. Other side effects 
include yeast and urinary tract infections, and volume depletion. However, acute 
kidney Injury risk was reduced by 23% (RR 0.77, 95% CI 0.70–0.84) by SGLT2i. 
A framework for managing these risks was recently put forward in a roundtable 
discussion involving physicians from three specialties (cardiology, endocrinology, 
and nephrology) and is summarized in Fig. 8.2.
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�Non-steroidal Mineralocorticoid Antagonists

Mineralocorticoid receptor antagonism (MRAs) using steroidal (e.g., spironolac-
tone but also eplerenone) as an add-on therapy to ACEi or ARBs in diabetic and 
non-diabetic forms of CKD has been studied in multiple, small clinical trials. The 
use of MRAs in this condition is justified based on their effects on inflammation and 
fibrosis which may lead to improvement in tissue (kidney, blood vessel and heart 
damage). The effects of steroidal MRAs were recently summarized by the Cochrane 
group and include improvements in blood pressure by ~5 mmHg (95% CI 1.22 to 
1.75 mmHg), reduction in protein excretion by 500 mg per day (95% CI 0.2 to 0.82 
gm/day) and uncertain effects on kidney failure, cardiovascular and total mortality. 
In this meta-analysis of mostly spironolactone studies, there was a heightened risk 
for gynecomastia (NNH to ~14) and hyperkalemia (NNH to 41).

Newer, non-steroidal MRAs such as finerenone, esaxerenone and apararenone 
may offer distinct advantages over steroidal MRAs by achieving a balanced antago-
nism in the kidney and the heart, thus reducing the risk of hyperkalemia [31, 132]. 
Phase 2 clinical trials with esaxerenone [133] and apararenone [134] in DKD show 
that these agents may reduce proteinuria by 40–60% when added to maximum tol-
erated doses of inhibitors of the renin angiotensin system. Like the spironolactone 
studies, the improvement upon the proteinuria was accompanied by modest 
increases in the serum potassium level. At the time of this writing the only commer-
cially available non-steroidal MRA in Northern America and Europe is finerenone, 
whose effects on cardiovascular and kidney-specific outcomes have been proven in 
two large randomized controlled trials: FIDELIO-DKD [135] and FIGARO-DKD 
[136] and a pre-specified patient-level meta-analysis of these two trials (FIDELITY) 
[137]. Both these studies followed a similar design, i.e. they enrolled patients with 
Type II DM and CKD who despite being on a maximum tolerated dose of an ACEi 
or an ARB (similar to the SGLT2i clinical trials) had evidence of residual albumin-
uria: FIGARO-DKD recruited patients with better-preserved kidney function 
(UACR >300 mg/g with eGFR >60 mL/min/1.73m2 or UACR in 30–300 mg/g & 
eGFR in 25–90  mL/min/1.73m2), while FIDELIO-DKD patients with more 
advanced CKD (UACR >300 mg/g and eGFR 25–75 mL/min/1.73m2 or UACR in 
30–300 mg/g and eGFR 25–60 mL/min/1.73m2). Both studies recruited a sizable 
number of patients with non-proteinuric CKD.  Participants had to have a serum 
potassium level less than 4.8 mEq/L and were excluded if they were on non-steroidal 
MRAs, renin inhibitors, had poorly controlled hypertension, or a class I indication 
for an MRA. The primary outcome for FIGARO-DKD was a composite of cardio-
vascular death, non-fatal myocardial infarction and stroke and hospitalization for 
heart failure (MACE/HHF). The primary outcome of FIDELIO-DKD was a com-
posite of kidney failure (need of dialysis and transplant), sustained decrease of the 
eGFR by 40% relative to baseline and death from renal causes). The primary out-
come of FIGARO-DKD was a secondary outcome of FIDELIO-DKD and vice 
versa, enabling the joint examination of the effects of finerenone on the cardiorenal 
risk in patients with DKD. While the primary outcome in FIDELITY was the same 
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as the contributing trials, the composite renal outcome was defined based on a sus-
tained drop in the eGFR by 57% (rather than 40%). The primary outcomes of the 
studies and the effects in subgroups of advanced age and younger individuals are 
shown in Table 8.6. Similar to the SGLT2i trials, finerenone was equally effective in 
younger and older patients.

These results led the FDA to grant one of the broadest indications to date for a 
drug in the cardiometabolic and kidney disease field. Finerenone is currently indi-
cated to reduce the risk of sustained eGFR decline, ESKD, cardiovascular death, 
non-fatal myocardial infarction and hospitalization for heart failure in adult patients 
with CKD associated with type II DM.

In the pooled meta-analysis of the two trials, finerenone was associated with a 
substantial change of UACR from baseline to 4 months (ratio of least-squares mean 
change from baseline, 0.68; 95% CI, 0.66–0.70), an effect maintained throughout 
the trial. The effect of finerenone on eGFR is rather similar to those of the SGLT2i 
or inhibitors of the renin angiotensin system for that matter: an acute drop in the first 
3–4  weeks of ~2  mL/min/1.73m2 followed by a slower loss of kidney function 
between 0.7 (FIGARO-DKD, patients with UACR between 30–300  mg/g) to 
1.3–1.5 mL/min (FIDELIO-DKD and participants in FIGARO-DKD with UACR 
>300 mg/g) [135, 138]. Patients receiving finerenone had a modest effect on blood 
pressure compared with patients receiving placebo [change in mean systolic blood 
pressure at 4 months was −3.2 ± 15.0 mmHg with finerenone and + 0.5 ± 14.6 
mmHg) with placebo. Treatment emergent side effects were similar among the two 
study arms; while the incidence of AKI was the same between finerenone and pla-
cebo (3.5%), hyperkalemia was more frequent with finerenone, with an incidence 

Table 8.6  Finerenone and clinical outcomes in older vs. younger individuals (Hazard Ratio and 
95% Confidence Intervals) 

Clinical 
trial

SGLT2 
inhibitor Outcome

Overall 
study effect

Definition of 
older 
subgroup

Effect in 
younger 
patients

Effect in 
older 
patients

FIGARO-
DKD

Finerenone MACE/
HHF

0.87
0.76–0.98

≥65 vs < 65 0.90
0.74–1.10

0.85
0.72–1.00

FIGARO-
DKDa

Finerenone CR 0.77
0.60–0.99

≥65 vs < 65 0.72
0.52–0.99

0.92
0.61–1.38

FIDELIO-
DKD

Finerenone CR 0.82
0.73–0.93

≥65 vs < 65 0.85
0.72–1.01

0.79
0.67–0.94

FIDELITY Finerenone MACE/
HHF

0.86
0.78–0.95

≥65 vs < 65 0.94
0.81–1.10

0.82
0.73–0.93

FIDELITY 
b

Finerenone CR 0.77
0.67–0.88

– – –

CR: Composite Renal (variably defined for the three trials, see text for details), HHF: Hospitalization 
for heart failure, MACE: Major Adverse Cardiovascular Events (composite of cardiovascular 
death, non-fatal myocardial infarction, or stroke)
aThe subgroup analysis was presented in a follow-up publication [138] and used a sustained reduc-
tion of eGFR>57%, rather than the 40% used in the primary analysis of the FIGARO-DKD study
bNo subgroup analysis was reported for the CRC outcome in FIDELITY
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rate of 0.66 events per 100 patient years vs. 0.22 events per 100 patient years on 
placebo. Stated otherwise, one would have to treat 150 patients for 1 year to see one 
episode of hyperkalemia. Across the entire study population, the mean change in 
potassium was modest +0.21 ± 0.47 mEq/L (finerenone) vs. 0.02 ± 0.43 mEq/L 
(placebo). Gynecomastia occurred with similar frequency in the finerenone and pla-
cebo arms (0.1–0.2%). Risk factors associated with hyperkalemia in FIDELIO-
DKD were examined in a subsequent publication [139]. Independent risk factors for 
≥mild hyperkalemia included serum potassium, lower eGFR, increased urine albu-
min-creatinine ratio, younger age, female sex, and β-blocker use. Individuals older 
than 75 years old had a 19% decreased risk for hyperkalemia (HR: 0.81, 95%CI: 
0.65–0.99) relative to individuals between 65 and 74 years old. Diuretic or sodium-
glucose co-transporter-2 inhibitor use reduced risk. In both groups, short-term 
increases in serum potassium and decreases in eGFR were associated with subse-
quent hyperkalemia. Other electrolyte abnormalities observed in the trials were 
hypotension (4.6% vs 3.9% in the placebo arm) and hyponatremia (1.3% vs. 0.7% 
in the placebo arm).

Considering the broad cardiorenal benefits of both finerenone and SGLT2s, one 
may wonder whether the drugs can be combined. A clinical trial (CONFIDENCE, 
NCT50254002) about this specific question is currently ongoing and will likely 
shed some light whether the combination of empagliflozin with finerenone works 
better than either finerenone or empagliflozin in reducing the surrogate marker of 
proteinuria, which is the primary outcome of the study. In the meantime, data from 
the existing studies provide reassurance that the combination of finerenone and 
SGLT2i does not reduce the therapeutic benefit of finerenone [137] and that the 
combination of dapagliflozin with steroidal MRA (mostly spironolactone) does not 
reduce the benefit of the dapagliflozin (DAPA-CKD trial) [140].

�GLP1 and Dual GLP1/GIP1 Receptor Agonists

GLP1 and the emerging class of dual receptor agonists of the GLP1/GIP receptors 
are a class of antiglycemic agents that confer clinical benefits beyond the reduction 
of blood sugar levels. Several drugs belonging to the first class have been available 
for more than a decade, while the dual agonist tirzepatide was recently introduced 
for clinical use. These drugs work by activating the receptors of the endogenous 
incretins, glucagon-like peptide 1 and glucose-dependent insulinotropic polypep-
tide (GIP). GLP1RAs were initially introduced to manage diabetes and were found 
to be effective in lowering the HbA1c with a minimal risk for hypoglycemia, while 
also reducing weight. GLP1 RAs increase glucose-dependent insulin secretion, 
delay gastric emptying and increase satiety by activating the GLP1 receptor. Specific 
GLP1 RAs (liraglutide and semaglutide) have also been approved as anti-obesity 
medications even in patients with diabetes. Dual agonists also activate the GIP 
receptor, and lead to more pronounced weight loss and an enhanced antiglycemic 
effect relative to insulin or pure GLP1RAs in the SURPASS clinical trial [141–144]. 
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Specific members of the GLP1 class (dulaglutide, liraglutide, semaglutide) have 
been shown to have cardiovascular benefits, and thus are indicated in the ADA stan-
dards of care for diabetes [145] for the management of patients with atherosclerotic 
cardiovascular disease (ASCVD), or with high-risk indicators of ASCVD.  In a 
recent meta-analysis [146], GLP-1 receptor agonists in adults older than 65 years 
old, were associated with a 15.3% (OR 0.85, 95% CI 0.79 to 0.91) reduction in 
MACE events, similar to the 16% (OR 0.84, 95% CI 0.70 to 1.01) benefit seen in 
younger adults. Hence, GLP1RAs are equally beneficial in older and younger adults 
with type II DM for the management of their cardiovascular disease. To date, the 
clinical benefits of GLP1 and GLP1/GIP RA on kidney outcomes have been limited 
to examinations of surrogate markers of kidney function loss (eGFR loss) and mark-
ers of kidney damage (UACR) and explorations of kidney-specific outcomes 
[147–150] in their cardiovascular safety and primary efficacy trials. The definition 
of the kidney-specific outcomes adopted in the GLP1, GLP1/GIP RA trials were not 
uniform and the clinical benefit was largely driven by improvement in albuminuria 
in almost all studies.

GLP1(/GIP) 
drug Trial Composite kidney-specific outcome

Treatment 
effect

Semaglutide SUSTAIN-6 New or worsening nephropathy defined as a new 
onset of persistent macroalbuminuria, or persistent 
doubling of serum creatinine level and eGFR 
<45 mL/min/1.73 m2, need for dialysis or death from 
renal causes

0.64
0.46–0.88

Dulaglutide REWIND New macroalbuminuria, a sustained 30% or greater 
decline in eGFR or new chronic renal replacement 
therapy comprising dialysis or renal transplantation

0.85
0.77–0.93

Liraglutide LEADER New-onset persistent macroalbuminuria, persistent 
doubling of the serum creatinine level and an 
estimated GFR of ≤45 mL/min/ 1.73 m2 of body-
surface area, need for dialysis or death from renal 
disease

0.78
0.60–0.91

Tirzepatide SURPASS-4 eGFR decline of at least 40% from baseline,
Death due to kidney failure, progression to end-stage
Kidney disease, or new-onset macroalbuminuria

0.58
0.43–0.80

Pooled analyses of the GLP1RA trials as well as the secondary analyses of 
SURPASS-4 show that this class of drugs may decrease the rate of loss of kidney 
function (eGFR slope) and albuminuria. REWIND was the only study to report a 
subgroup analysis of the kidney-specific outcome according to participant age. 
Older individuals (age ≥ 66 years) had a HR of 0.79 (95%CI 0.69–0.90) that was 
statistically not-different (p-value for the interaction 0.17) to individuals younger 
than 66 years (HR: 0.90, 95% CI: 0.79–1.02) [148]. In SURPASS-4, neither the rate 
of loss of eGFR, nor the percentage reduction of albuminuria differ in older 
(≥65 years old) and younger individuals and tirzepatide favorably impacted either.
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Chapter 9
Cystic Kidney Diseases in the Elderly

Yeshwanter Radhakrishnan, Ioan-Andrei Iliuta, and Fouad T. Chebib

�Introduction

There is no consensus on the classification of cystic kidney diseases in elderly 
patients. Cysts can be histologically classified based on their tubular or non-tubular 
origin. However, we propose a more clinically applicable algorithm that stratifies 
disorders based on family history and kidney function (Fig. 9.1). As this chapter is 
focused on patients aged ≥60 years, some of the inherited cystic diseases that typi-
cally present in childhood will not be discussed in detail.

�Cases

	1.	 A 64-year-old male patient presented to the clinic for evaluation of bilateral 
kidney cysts (Fig. 9.2a). He was asymptomatic. He had a past medical history of 
hypertension, which was well-controlled on hydrochlorothiazide. He had a fam-
ily history significant for possible cystic kidney disease on his maternal side. His 
serum creatinine was elevated at 1.4 mg/dL with an estimated glomerular filtra-
tion rate (eGFR) of 56 mL/min/1.73m2. An MRI revealed enlarged kidneys with 
numerous kidney cysts bilaterally (>10 on each side). Genetic testing was posi-
tive for a PKD1 missense mutation. Imaging and genetics confirmed the 
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a b c

Fig. 9.2  Representative images for the clinical cases. (a) A 64-year old male with bilateral renal 
cysts, CKD stage 3a, family history of kidney cystic disease, and PKD1 missense mutation. His 
TKV is 702 mL/m. (b) A 68-year old male with CKD stage 4, gout, bilateral renal cysts without 
renal enlargement and DNAJB11 pathogenic mutation. (c) 69-year old female with 3 cysts in the 
right kidney and 4 cysts in the left kidney with normal kidney size and negative genetic testing.

diagnosis of ADPKD. His height-adjusted total kidney volume (ht-TKV) was 
702 mL/m, which indicated a lower risk of progression to end-stage kidney dis-
ease (ESKD). Given his age and prognosis, he was initiated on conservative 
management with stricter blood pressure control (<120/80  mmHg), reduced 
sodium intake, and a higher water intake to target a urinary osmolality 
<280 mOsm/kg.

	2.	 A 68-year-old male patient with a history of chronic kidney disease (CKD) stage 
4 and gout presented to the clinic to discuss results of recent genetic testing. On 
his CT of the abdomen, he had numerous cysts with small kidneys (Fig. 9.2b). 
Genetic testing was positive for a pathogenic mutation in the DNAJB11 gene. 
The patient was informed that monoallelic pathogenic variants in DNAJB11 are 
highly penetrant, with more than 40% of affected patients reaching ESKD, with 
a median age of onset of 75 years. He was also advised to undergo screening for 
vascular complications (including intracranial aneurysms and dilatation of the 
thoracic aorta) and malignancy.

	3.	 A 69-year-old female patient was referred to the clinic for evaluation of kidney 
cysts. She had no significant past medical history and had a negative family his-
tory of cystic kidney disease. Her serum creatinine was 1.1 mg/dL (eGFR of 
51 mL/min/1.73 m2). Kidney ultrasound imaging was significant for 3 cysts in 
the right kidney and 4 cysts in the left kidney with normal kidney size and no 
liver cysts (Fig. 9.2c). Genetic testing for renal cystic genes was unremarkable. 
Her lower GFR relative to her age would require investigating her for age-
appropriate causes of CKD.  In the event of extrarenal manifestations such as 
polycystic liver disease, whole exome sequencing may help rule out an inherited 
condition affecting both kidneys and liver.
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�Autosomal Dominant Polycystic Kidney Disease

�Epidemiology

Autosomal dominant polycystic kidney disease (ADPKD) is a multi-system disor-
der that predominantly affects the kidneys with progressive cyst growth distorting 
the renal parenchyma and causing progressive loss of kidney function generally by 
the sixth decade of life [1, 2]. ADPKD has an estimated prevalence of 12.5 million 
cases worldwide [2]. It is the most common inherited kidney disease and the fourth 
most common cause of ESKD in the United States [3]. In a cohort with ADPKD 
from a large tertiary care center, 50% of patients progressed to kidney failure by 
54 years of age and 75% by 62 years of age [4].

�Pathogenesis

The molecular pathogenesis of ADPKD has not been completely elucidated, but 
involves the proteins polycystin-1 (PC1), encoded by PKD1, and polycystin-2 
(PC2), encoded by PKD2. The polycystins modulate multiple signaling pathways, 
including calcium release from the endoplasmic reticulum, cyclic adenosine mono-
phosphate (cAMP), mammalian target of rapamycin (mTOR), and vascular endo-
thelial growth factor (VEGF), which together play an essential role in multiple 
processes, including extracellular matrix deposition and cell adhesion, cellular pro-
liferation, metabolism, and fluid transport [5].

�Genetic Mutations Associated with ADPKD

Patients with ADPKD have germline mutations in PKD1 and PKD2 that are inher-
ited in an autosomal dominant manner [5]. The PKD1 gene located on chromosome 
16 encodes PC1, and mutations in PKD1 can explain up to 78% of pedigrees of 
ADPKD. Another 15% of ADPKD pedigrees are due to mutations in the PKD2 
gene, located on chromosome 4, which encodes PC2. [5]. A small percentage (< 
0.5%) of cases of ADPKD can be attributed to mutations in GANAB, which encodes 
the glucosidase II-α subunit responsible for the localization of polycystins [6]. 
Mutations in GANAB cause a milder phenotype of ADPKD in addition to polycystic 
liver disease ranging from mild to severe [6]. The remaining cases are genetically 
unresolved or associated with mutations in other cystic genes that produce an 
ADPKD-like phenotype (discussed below).

ADPKD shows wide phenotypic variability ranging from indolent progression 
of CKD at an older age to rapid progression to kidney failure at a younger age [4]. 
In one study, patients with truncating PKD1 mutations had an earlier onset of 
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kidney failure with a median age of 55  years, followed by patients with non-
truncating PKD1 mutations (median age of 67  years), and patients with PKD2 
mutations (median age of 78 years) [7]. In addition to genetic heterogeneity (PKD1 
vs PKD2 vs GANAB), other contributors to phenotypic variability include epigene-
tic, hormonal, and environmental factors such as decreased fluid intake, high dietary 
sodium intake, and high body mass index (BMI) [4].

�Clinical Presentation

In a small study looking at clinical manifestations of ADPKD in patients aged 
50 years and older, the most common presentation was hypertension (69%), fol-
lowed by abdominal pain (47%) and urinary tract infection (41%) [8]. Other mani-
festations may include nephrolithiasis, defective urinary concentrating capacity, and 
progression of CKD. Hypertension, one of the earliest complications of ADPKD, 
develops in almost all affected patients. Uncontrolled blood pressure is associated 
with proteinuria and progression of CKD, left ventricular hypertrophy, and valvular 
diseases. Abdominal pain in patients with ADPKD can be caused by cystic compli-
cations such as cyst hemorrhage, cyst rupture, or cyst infection. In some patients 
with a higher cystic burden, abdominal discomfort or pain can become chronic. The 
differential diagnosis for patients presenting with fever, abdominal pain, and uri-
nary tract symptoms should include both cyst infection and urinary tract infection 
[9]. In addition, the passage of kidney stones can present with colicky abdominal or 
flank pain. Risk factors for nephrolithiasis in patients with ADPKD include low 
urinary pH, low urinary citrate excretion, and urinary stasis from tubular obstruction 
by larger cysts, leading to the formation of calcium oxalate and uric acid stones. 
Although non-contrast CT imaging may demonstrate larger stones, contrast imag-
ing is needed to differentiate parenchymal calcifications from smaller stones. Core 
measures to prevent nephrolithiasis comprise dietary sodium and animal protein 
restriction, and increased fluid intake. In the presence of hypocitraturia and low 
urinary pH, potassium citrate in a divided dose can be considered for urinary alka-
linization [10]. Urologic interventions such as shock wave lithotripsy and percuta-
neous nephrolithotomy are appropriate in the setting of obstructive stones [10].

�Extrarenal Manifestations

Extrarenal manifestations of ADPKD are shown in Table 9.1. Polycystic liver dis-
ease (PLD) is the most common extrarenal manifestation of ADPKD with a high 
prevalence of 80% [11]. The prevalence of PLD increases with age, with a stronger 
predisposition in females due to hormonal factors. Patients are usually asymptom-
atic and present with mild elevations in aminotransferases and alkaline phosphatase 
without overt loss of liver function [12]. Worsening PLD may manifest as 
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Table 9.1  Extrarenal manifestations of ADPKD 

Complication Prevalence Manifestations Screening

Polycystic liver 
disease

80% Usually asymptomatic; mild 
elevations in AST/ALT/ALP, with 
no loss of liver function; in severe 
cases: Pain, nausea, vomiting, 
early satiety, jaundice, portal 
hypertension

At the time of the 
diagnosis of 
ADPKD, then every 
1–2 years as 
indicated

Pancreatic 
cysts

10% No loss of pancreatic function, 
reports of pancreatitis due to 
common bile duct obstruction from 
larger cysts

Routine screening 
not indicated

Intracranial 
aneurysms

8% (20% if family 
history of 
intracranial 
aneurysms)

Usually asymptomatic; headaches, 
subarachnoid hemorrhage

Indications:
(a) Suggestive 
symptoms
(b) Family history 
of intracranial 
aneurysm or 
aneurysm rupture
(c) High-risk 
occupation
(d) Planned major 
elective surgery
(e) Personal history 
of intracerebral 
hemorrhage

Cardiac 
abnormalities

25% Left ventricular hypertrophy, mitral 
valve prolapse, mitral 
regurgitation, aortic regurgitation, 
tricuspid valve prolapse

Screening only if 
symptoms or 
abnormal physical 
exam

Diverticular 
disease

Higher prevalence 
in patients with 
ADPKD and 
ESKD

Hematochezia, diverticulitis Routine screening 
not indicated

Abdominal 
hernias

Increased 
prevalence 
compared to 
unaffected 
population

Usually asymptomatic; pain and 
discomfort; in severe cases: 
Incarceration of intestinal contents

Routine screening 
not indicated

Bronchiectasis Threefold 
increased 
prevalence, 
compared with 
control patients 
with CKD

Cough, sputum production, 
dyspnea, rhinosinusitis, 
hemoptysis, bronchitis

Routine screening 
not indicated

Arachnoid 
cysts

8% Generally asymptomatic; may 
increase the risk of developing 
subdural hematoma

Routine screening 
not indicated

ADPKD autosomal dominant polycystic kidney disease, ALP alkaline phosphatase, ALT alanine 
aminotransferase, AST aspartate aminotransferase, CKD chronic kidney disease, ESKD end-stage 
kidney disease
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abdominal distension, abdominal pain, early satiety, nausea, and vomiting. 
Compression of the portal vein and bile ducts may also result in jaundice and portal 
hypertension. Cystic complications such as cyst infection, cyst rupture, and hemor-
rhage are rare [13]. There are no established screening guidelines for PLD, but 
experts have recommended screening at the time of diagnosis of ADPKD, with 
periodic follow-up every 1–2  years if clinically indicated (e.g., in patients with 
severe PLD and large symptomatic cysts).

Less frequent cystic complications include pancreatic cysts, with an overall 
prevalence of 10%; they are associated with female sex and PKD1 mutations [11]. 
Patients are diagnosed incidentally with abdominal imaging and do not lose pan-
creatic function. There have been reports of pancreatitis due to common bile duct 
obstruction from an enlarged cyst [13]. Routine screening is not indicated. 
Intracranial aneurysms (ICAs) are a significant complication of ADPKD that may 
result in high morbidity. The prevalence of ICAs is approximately 8% in all 
patients with ADPKD, but it increases to 20% in those with a family history of ICA 
[5]. Patients are usually asymptomatic and are diagnosed on screening with imag-
ing modalities such as brain magnetic resonance angiography. Patients may pres-
ent with thunderclap severe headache. ICA rupture can lead to subarachnoid 
hemorrhage, which is associated with elevated morbidity and mortality. ICA rup-
ture in patients with ADPKD has been associated with a family history of rupture. 
As described in Table 9.1, screening for ICA should be performed in patients with 
a) concerning symptoms (e.g., sentinel headache); b) a family history of ICA or 
ICA rupture; c) high-risk occupation (e.g., airline pilot); d) planned major elective 
surgery such as kidney transplantation; or e) a personal history of intracerebral 
hemorrhage [11]. Other non-renal complications of ADPKD include cardiac 
abnormalities, diverticulosis, abdominal hernias, bronchiectasis, and arachnoid 
cysts; routine screening is generally not recommended (Table 9.1) [11, 14].

�Diagnosis

Due to widespread availability and low cost, ultrasonography is the preferred initial 
imaging method with well-established diagnostic criteria in the setting of a family 
history of ADPKD [15]. In patients who are 60 years or older with a family history 
of ADPKD, the presence of 4 or more cysts in each kidney is diagnostic of ADPKD, 
with a sensitivity and positive predictive value of 100% [16, 17] . There are no 
established computed tomography (CT) or magnetic resonance imaging (MRI) cri-
teria to diagnose ADPKD based on the number of cysts in the elderly. In patients 
younger than 40 years of age, a total of >10 renal cysts on CT or MRI are diagnostic 
for APDKD in the setting of positive family history [18]. However, the exact thresh-
old in terms of cyst number has not been determined yet for older patients. In 
patients without a family history of ADPKD, enlarged kidneys with 10 or more 
cysts per kidney, along with extrarenal manifestations such as hepatic cysts, strongly 
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suggest a diagnosis of ADPKD [1]. Confirmatory genetic testing can be considered 
in elderly patients for the following indications: (1) patients with no apparent family 
history or marked intrafamilial disease variability, (2) discordance between the cys-
tic burden on imaging and renal function, (3) atypical patterns of cyst distribution 
(e.g., unilateral or asymmetric polycystic kidneys), (4) suspected somatic mosa-
icism, or (5) risk stratification to determine candidacy for disease-modifying ther-
apy and enrollment into clinical trials [19].

�ADPKD-Like Phenotypes that Can Mimic ADPKD

�Autosomal Dominant Polycystic Liver Disease (ADPLD)

Patients with ADPLD have mutations in genes that encode proteins involved in 
endoplasmic reticulum function, protein folding, and protein translocation [12]. 
Causative mutations have been identified in PRKCSH, SEC63, ALG8, SEC61B, 
GANAB, and LPR5, resulting in dysfunctional protein folding and translocation, 
which lead to decreased expression and maturation of PC1[5, 12]. In a retrospective 
study, the point prevalence of definitive or likely ADPLD was 9.5 in 100,000 indi-
viduals [20]. ADPLD is characterized by the presence of numerous hepatic cysts 
with very few renal cysts and no progression to ESKD [21].

�Autosomal Dominant Tubulointerstitial Kidney Disease (ADTKD)

Patients with ADTKD have mutations in genes that encode uromodulin (UMOD), 
renin (REN), and mucin (MUC1) [5], resulting in chronic tubulointerstitial dis-
ease with few cysts and non-enlarged kidneys, and frequent hyperuricemia and 
gout (especially with UMOD), [22]. ADTKD is discussed in detail later in this 
chapter.

�Autosomal Recessive Polycystic Kidney Disease (ARPKD)

Patients with ARPKD have mutations in the PKHD1 gene encoding fibrocystin, 
which is required for the normal functioning of renal cilia. Patients typically present 
at a very young age with marked cystic kidney disease and congenital hepatic fibro-
sis. ARPKD is very unlikely to be newly diagnosed in elderly patients due to typi-
cally severe and childhood-onset kidney and liver involvement. Hence, further 
discussion of ARPKD is beyond the scope of this chapter. However, individuals 
who are heterozygous for PKHD1 mutations are predisposed for liver disease and 
renal involvement associated with increased medullary echogenicity on ultra-
sound [23].
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�DNAJB11-Associated Disease

Mutations in DNAJB11, a gene essential for the normal function of the endoplasmic 
reticulum, as well as protein folding, assembly, and maturation, lead to defects in 
PC1 and uromodulin, with subsequent cystogenesis in both kidneys and liver [24]. 
In addition, patients develop progressive CKD leading to ESKD after the sixth 
decade [25]. Extrarenal complications comprise vascular disease (including intra-
cranial aneurysms, dilatation of the thoracic aorta, and carotid artery dissection) 
[25, 26] and a higher risk of malignancy (e.g., in the pancreas and thyroid); routine 
age-appropriate screening is advised [26–28].

�Systemic Syndromes

Tuberous sclerosis and von Hippel-Lindau disease develop due to mutations in TSC 
and VHL, respectively. They are discussed in detail in the final section of this 
chapter.

�Management of ADPKD

�Conservative Nephroprotection in ADPKD

Targeting adequate blood pressure (BP) control, encouraging generous hydration, 
and restricting dietary sodium are cornerstones in the management of elderly 
patients with ADPKD to delay disease progression (Table 9.1) [2, 29].

Although intensive BP control (≤110/75  mmHg) is associated with slower 
increase in TKV in individuals aged 18–50 years, in patients aged 50 years or older, 
BP targets should be individualized and a target of <120 mmHg may be more appro-
priate [29]. First-line therapy for hypertension in patients with ADPKD consists of 
renin-angiotensin-aldosterone blockade with angiotensin-converting enzyme inhib-
itors (ACEi) and angiotensin receptor blockers (ARB). Cardio-selective beta-block-
ers and combined alpha/beta-blockers may be used as second-line therapy in patients 
with comorbidities such as coronary artery disease and benign prostatic hyperpla-
sia, respectively [29].

Since vasopressin is a mediator of cyst growth and CKD progression in patients 
with ADPKD, increased water intake to suppress vasopressin release and lower 
urine osmolality has been shown to slow TKV growth and GFR decline in some but 
not all rodent models [30]. However, a recent randomized controlled trial demon-
strated that prescribed compared to ad libitum water intake did not affect TKV 
expansion over 3 years, possibly because of poor adherence to the 24-h urine osmo-
lality target [31].

With respect to dietary and metabolic considerations, patients should consult 
with a dietitian and incorporate the Dietary Approaches to Stop Hypertension 
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(DASH) recommendations, which include restricting dietary sodium intake to 
2.3–3 g per day [32]. In addition, targeting a normal BMI and treating dyslipidemia 
could also be important, as obesity and hyperlipidemia may be associated with 
faster cyst growth and GFR decline [29, 33].

�Additional Considerations for the Management of CKD Specifically 
in the Elderly

In elderly patients, in conjunction with ADPKD, GFR decline can be accelerated by 
multiple comorbidities such as diabetes mellitus, suboptimally treated hyperten-
sion, vascular disease, and polypharmacy. General measures (e.g., dietary protein 
and phosphorus restriction, treatment of metabolic acidosis) can slow progression to 
ESKD (Table 9.2). Mild to moderate protein restriction can be nephroprotective in 
patients with advanced (stage 4–5) CKD [34]. Specifically in the ADPKD popula-
tion, sub-analyses from the Consortium for Radiologic Imaging Studies of Polycystic 
Kidney Disease (CRISP) and Modification of Diet in Renal Disease (MDRD) 
cohort studies have highlighted an association between increased protein intake, 
and TKV growth and GFR decline [35, 36]. As protein restriction can be associated 
with bone mass loss and muscle wasting in the elderly, risks and benefits of modify-
ing the dietary intake should be carefully discussed with the patient; moreover, mul-
tidisciplinary management of CKD should include assessment by a specialized 
renal dietitian. Other measures in advanced CKD include moderate restriction of 
dietary phosphorus to 800  mg daily to reduce progression of CKD mediated by 
fibroblast growth factor 23 (FGF-23). Treating metabolic acidosis with sodium 
bicarbonate supplements may also exert a nephroprotective effect (KDIGO guide-
lines recommend targeting a serum bicarbonate ≥22 mmol/L) [29].

�Prognostic Markers to Assess the Progression of ADPKD

Patients with ADPKD who are at risk of rapid progression to kidney failure need to be 
initiated on disease-modifying therapy early to slow GFR decline. Various prognostic 
markers have been described to identify patients at risk of rapid progression [4].

In an ongoing, multicenter, prospective study assessing TKV with MRI, increas-
ing TKV was reliably associated with a decline in GFR.  Height-adjusted TKV 
(htTKV) is a validated prognostic marker to predict rapid disease progression 
[37–39]. HtTKV adjusted for age is used in the Mayo Imaging Classification (MIC), 
which divides ADPKD into typical (MIC1 or class 1) and atypical (MIC2 or class 
2) cyst patterns based on kidney cyst distribution on imaging [40]. Typical refers to 
the homogenous distribution of cysts throughout the kidneys, with most cysts con-
tributing evenly to TKV. By contrast, atypical patterns of cyst involvement include 
unilateral and asymmetric cystic disease, or ADPKD associated with kidney atro-
phy. Patients with typical imaging are further subdivided into classes 1A through 1E 
based on increasing estimated TKV growth rates. The higher-risk MIC classes (1C, 
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Table 9.2  Basic management of elderly patients with ADPKD 

Intervention Goal Methods to achieve goal Evidence

BP control In patients >50 years, a target 
≤120 mmHg is appropriate

By order of preferencea:
1. ACEi/ARB
2. α/β or cardioselective 
β-blocker
3. Dihydropyridine CCB
4. Diuretic
Dietary approaches to stop 
hypertension (DASH)-like diet 
at early stages

Grade 
1B

Sodium Moderate restriction (2.3–3 g/d)
Adjust for extrarenal losses (e.g., hot 
climate, vomiting/diarrhea) if 
appropriate

Counseling
Renal dietitian

Grade 
1C

Hydration Moderately enhanced hydration 
(mostly during the day, as risk of 
BPH and urinary incontinence higher 
with age)
Maintain urine osmolality 
≤280 mOsm/kg

Counseling
Monitor first morning urine 
osmolality (and plasma 
copeptin if available)

Grade 
1C

Protein Consider 0.8–1.0 g/kg of ideal body 
weight (caution in the frail elderly)b

Renal dietitian Grade 
1C

Phosphorus Moderate dietary phosphate 
restriction (800 mg/d)

Renal dietitian
Read food labels and avoid 
food additives containing 
phosphates
Phosphate binders in advanced 
CKD (calcium carbonate, 
non-calcium binders)

Grade 
2C

Acid/base 
balance

Maintain plasma bicarbonate 
≥22 mEq/L

Renal dietician
Increase fruits/vegetables (2–4 
cups/d)
Oral sodium bicarbonate if 
needed

Grade 
2B

Caloric 
intake

Maintain normal BMI
Consider moderation in caloric intake

Renal dietician
Regular exercise per tolerance

Grade 
1C

Lipid control Target serum LDL ≤100 mg/dL Renal dietician
Regular exercise per tolerance
Statin if needed (ezetimibe if 
intolerant to statins)

Grade 
2B

Table adapted from [29] Clin J Am Soc Neph
aCaution should be exercised with respect to higher doses of ACEi, ARBs, and diuretics (risk of 
acute kidney injury), α-blockers (increased risk of hypotension), and β-blockers (risk of arrythmia 
in patients with sick sinus syndrome)
bProtein intake can be monitored based on urine urea nitrogen: 6.25 x (urine urea nitrogen in 
g/d + [0.03 × weight in kg])

9  Cystic Kidney Diseases in the Elderly



158

1D, and 1E) can help predict the decline in eGFR (2.63, 3.48, and 4.78  mL/
min/1.73m2 per year, respectively)[40]. The predictive accuracy of this classifica-
tion was subsequently validated in prospective studies [41].

An alternative to the MIC, the Predicting Renal Outcome in ADPKD (PROPKD) 
scoring system uses a score > 6 to predict rapid progression to kidney failure before 
the age of 60 years, with a positive predictive value of 91%. This scoring system 
incorporates sex (males are assigned 1 point), hypertension before age of 35 years 
(assigned 2 points), urologic events before 35 years (assigned 2 points), and PKD 
mutation type (non-truncating PKD1 mutations and truncating PKD1 mutations are 
assigned 2 and 4 points, respectively; PKD2 mutations are not assigned any 
points) [42].

A decline in eGFR ≥3  mL/min/1.73m2 per year over 4  years or  ≥  5  mL/
min/1.73m2 in 1 year can also be used as evidence of rapid progression. When using 
the GFR slope as a stratification strategy, it is important to review other potential 
factors that could affect GFR (e.g., concomitant systemic diseases such as diabetes 
mellitus, hyperoxaluria, analgesic use, aging or vascular disease) [4]. Similarly, an 
annual TKV growth >5% is also considered a prognostic factor for rapidly progres-
sive disease. Pitfalls of using TKV include the need for frequent measurements and 
the need for specialized training and equipment to measure TKV by planimetry or 
stereology, [4].

�Disease-Modifying Treatment Options (V2 Receptor Antagonism)

In 2018, the Food and Drug Administration (FDA) approved the use of tolvaptan, an 
antagonist of vasopressin V2 receptors in the kidney tubule, as a disease-modifying 
treatment option in patients with ADPKD (18 to 55 years old) at risk of rapid pro-
gression [43]. This was based on two randomized controlled double-blind trials 
(TEMPO 3:4 and REPRISE) that demonstrated tolvaptan was effective in slowing 
the rate of decline in eGFR compared to placebo. TEMPO3:4 included patients 
aged from 18 to 50 years old with an eGFR >60 mL/min, while REPRISE included 
patients aged from 18 to 65 years old with an eGFR of 25 to 65 mL/min [44, 45]. In 
the REPRISE trial, patients aged >55 years did not benefit from tolvaptan, possibly 
because of slow disease progression, as suggested by their lower rate of eGFR 
decline on placebo (−2.34 mL/min per 1.73 m2) compared with those aged ≤55 years 
(−4.60 mL/min per 1.73 m2) [46]. At the time of writing this book chapter, current 
evidence suggests involving the patient with ADPKD aged 55–65 years in the deci-
sion-making process. This discussion should focus on assessing carefully for evi-
dence of rapid progression (i.e., MIC 1C-E and/or an annual GFR rate of decline 
≥3 mL/min/1.73 m2). Tolvaptan is not indicated in patients above age 65, as patients 
above that age with GFR >25 mL/min/1.73 m2 are likely to have slower disease.

Before initiating tolvaptan, clinicians should inform patients of potential risks 
and benefits, and consider patient lifestyle and preferences. Common adverse effects 
of tolvaptan therapy include increased thirst, polyuria, polydipsia, and nocturia [2, 
44]. In the TEMPO3:4 and REPRISE trials, tolvaptan was associated with 
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hepatocellular injury in 4.4% and 5.6% of participants, respectively. Hence, patients 
should be monitored for idiosyncratic hepatocellular injury with periodic liver func-
tion testing after initiation of tolvaptan (at a monthly interval for the first 18 months 
and then every 3 months thereafter) [44, 45].

�Other Disease-Modifying Treatments Being Studied under  
Clinical Trials

As of 2022 at the time of writing this book chapter, several drugs have been in 
different phases of clinical trials. Bardoxolone methyl is a nuclear erythroid 
2-related factor (NRF-2) activator that is currently being evaluated in a phase 3 
trial (clinicaltrials.gov identifier: NCT03918447). Tesevatinib is a tyrosine 
kinase receptor inhibitor being evaluated in a phase 2 trial (NCT03203642). 
GLPG2737 is a cystic fibrosis transmembrane conductance regulator (CFTR) 
inhibitor being evaluated in a phase 2 trial (NCT04578548). Anti-micro RNAs 
(anti-MiRs) are a new class of drugs, currently investigated in ADPKD, which 
are being studied in Phase 1b (RGLS8429, NCT05521191). The landscape of cur-
rent and upcoming clinical trials is evolving rapidly in ADPKD and likely to be 
different at the time of publishing this book chapter.

�Management of Complications of ADPKD

�Renal Cyst Hemorrhage

This common complication presents with an acute onset of flank pain with or with-
out gross hematuria. Ruptured cysts, when connected to the urinary collecting sys-
tem, may cause hematuria. Symptoms usually resolve within 7 days with conservative 
management including bed rest, analgesics, and adequate hydration [47]. Depending 
upon the severity of bleeding, patients may develop acute kidney injury. There have 
been reports of life-threatening hemorrhage leading to hemodynamic instability and 
hospitalization. In the setting of refractory bleeding and shock, interventional 
radiology-guided arterial embolization and surgery should be considered. In rare 
cases, if the bleeding remains refractory, nephrectomy may be required [47]. There 
are no randomized controlled trials investigating the efficacy of antifibrinolytic 
agents such as tranexamic acid, although case reports have shown some success in 
controlling refractory bleeding [48].

�Chronic Flank Pain

Non-medical interventions such as physical therapy and the use of heating pads 
are typically considered as first-line therapy. Analgesics such as acetaminophen 
are preferred over non-steroidal anti-inflammatory drugs due to the latter’s 
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increased propensity to cause acute kidney injury and CKD with long-term use 
[49]. Opiates should generally be avoided for chronic pain due to the risk of 
abuse and dependence. Invasive approaches such as cyst aspiration with sclero-
therapy or cyst fenestration can be considered in patients who do not respond to 
medical therapy or develop cystic complications [49]. In cases that are refrac-
tory to analgesics and cyst removal, renal denervation is also an option. In 
severe cases with advanced CKD, laparoscopic nephrectomy may be consid-
ered [49].

�Cyst Infection

Cyst infection should be considered in patients presenting with recurrent fever and 
abdominal pain despite appropriate antibiotic therapy [9]. Ultrasonography, 
contrast-enhanced CT, and MRI are poorly sensitive in diagnosing cyst infection 
[50]. Positron emission tomography (PET) has been demonstrated to have better 
sensitivity, albeit with unclear specificity. Gram-negative bacteria are the most com-
mon pathogenic agents. A prolonged treatment course should be considered with 
antibiotics that penetrate the cyst such as fluoroquinolones or trimethoprim-
sulfamethoxazole for 4–6 weeks. In cases of fluoroquinolone resistance, cephalo-
sporins may be considered [50].

�Simple Kidney Cysts

�Epidemiology

Simple kidney cysts are the most common acquired cystic abnormalities, charac-
terized by the presence of solitary or multiple cysts filled with clear or straw-col-
ored fluid [51, 52]. Simple cysts are more common in males and increase in 
prevalence with age [53]. In a retrospective study of a healthy East Asian popula-
tion using ultrasonography, simple cysts had a prevalence of 20% and 35% in the 
sixth and seventh decade of life, respectively [51]. In a review of abdominal CT 
imaging in 603 potential kidney donors between 50 to 75 years of age, at least one 
kidney cyst ≥2 mm and ≥ 5 mm in diameter was found in 63% and 43% of the 
patients, respectively [54]. In addition, a cortical, medullary, or parapelvic cyst 
≥5 mm was present in 12%, 14%, or 2.8% of the patients, respectively. To distin-
guish between simple kidney cysts and other etiologies, the age-specific 97.5th 
percentile for the total number of both cortical and medullary cysts ≥5 mm can be 
used as the threshold (in the 60–69-year-old age group, 10 cysts for men and 4 for 
women) [54].
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�Pathogenesis

Simple cysts are thought to originate from renal ischemia leading to compensatory 
tubular hypertrophy and cyst formation [55]. Another hypothesis attributes the for-
mation of these cysts to diverticula in the distal convoluted or collecting tubule due 
to weakening of the tubular basement membrane [51]. Histologically, these cysts 
are lined by a single layer of flattened or cuboidal epithelial cells that secrete a clear 
or straw-colored fluid.

�Clinical Presentation

Simple cysts are usually asymptomatic and are therefore discovered incidentally 
with imaging. In rare cases, patients present with symptoms due to cyst enlargement 
leading to abdominal discomfort and flank pain. Complications such as cyst infec-
tion, rupture, hemorrhage, and renal pelvic obstruction are rare. Once clinical symp-
toms develop with simple cysts, patients should be evaluated further to rule out 
malignancy [56].

�Diagnosis

Simple cysts are typically diagnosed incidentally during routine abdominal imaging 
with ultrasonography, contrast-enhanced CT, or MRI. On ultrasonography, they are 
anechoic, round, or oval-shaped with smooth margins and posterior enhancement 
without any septation or internal debris. Contrast-enhanced CT demonstrates non-
enhancing and homogenous cysts [57]. According to the Bosniak classification of 
cystic masses >1  cm based on CT imaging, simple cysts are categorized as 
Bosniak I [58].

�Treatment

Surveillance or treatment are not indicated in asymptomatic simple cysts [52]. 
Radiological interventions for symptomatic cysts include imaging-guided aspira-
tion with or without sclerotherapy (using ethanol or newer sclerosing agents). 
Surgical interventions include excision via open, laparoscopic, or robotic sur-
gery [59].
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�Complex Kidney Cyst

Complex kidney cysts refer to cystic abnormalities that do not show the imaging 
characteristics of simple cysts [56]. These cystic lesions need routine surveillance, 
as they may undergo malignant transformation. They can be further categorized on 
contrast-enhanced CT imaging using the Bosniak classification [56, 58].

�Bosniak Classification

Based on the thickness and irregularity of the cyst wall, presence of septae, calcifi-
cations, and enhancement with contrast dye on CT imaging, kidney cysts can be 
classified into 5 categories, as summarized in Table 9.3 [60]. Due to atypical find-
ings, some cystic lesions may need to be characterized further using additional 
imaging such as gadolinium-enhanced MRI or contrast-enhanced ultrasound. 
Discussing the MRI findings of unclassifiable cysts is beyond the scope of this 
chapter.

Bosniak I: Cysts with a thin wall and well-defined margins without any septa-
tions, calcifications, and enhancement with contrast administration. Simple kidney 
cysts are classified as Bosniak I [56]. The management of these cysts is described 
above. These cysts do not require periodic follow-up [52].

Bosniak II: Cysts with a few hairline septations, and fine punctate or linear cal-
cifications in the wall or the septa. However, some cysts may appear homogenous 
with thin walls and well-defined margins, but with abnormally high imaging density 
[60]. Specifically, hyperdense cysts are characterized by higher Hounsfield density 
(≥50 Hounsfield units or HU) compared to the adjacent renal parenchyma (30–40 
HU) [57]. Hyperdense cysts that are subcapsular, <3 cm in size, and non-enhancing 
are also categorized as Bosniak II [57]. These cysts are considered benign and do 
not require further follow-up [61]. However, follow-up with ultrasound can be con-
sidered in younger patients if the size of the cyst is >3 cm [56].

Bosniak IIF: Cysts with 2–3 septations, thick calcifications in the septa or wall, 
without enhancement or with minimal enhancement are categorized as Bosniak 
IIF. The size of the wall or septa is <1 mm. In addition, hyperdense cysts that are 
intraparenchymal, > 3 cm in size, and non-enhancing also fall under this category 
[57]. Although these lesions are potentially benign, a malignancy risk of 5–15% has 
been reported [57]. Since Bosniak III cysts are at risk of malignant transformation 
and can be misclassified as IIF due to inter-operator variability, reviewing serial 
contrast-enhanced CT or MRI is recommended to ensure correct classification [62, 
63]. Follow-up of IIF cysts with annual CT imaging is recommended to ensure they 
are stable or reclassify them to a higher-risk category [56, 57].
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Bosniak III: Cysts that have a thick wall and septations >1 mm, irregular calci-
fications, and enhancement of the cyst wall, without the presence of any soft tissue 
components in the cyst [57, 60]. This category includes both malignant neoplasms 
such as multilocular cystic renal cell carcinoma and tubulocystic carcinoma, and 
benign neoplasms such as cystic nephroma, or mixed epithelial and stromal tumors 
[64]. Surgical intervention/exploration is recommended for these cystic lesions due 
to the risk of malignancy of at least 50% [57, 61]. In patients with prohibitive surgi-
cal risk, clinicians may consider the use of percutaneous biopsy or active surveil-
lance with frequent contrast-enhanced imaging to stratify risk and determine the 
need for further surgical intervention [57, 63]. However, percutaneous biopsy is 
considered controversial due to its inherent risk of hemorrhage and infection, sam-
pling error, distortion of the lesion complicating imaging follow-up, and risk of 
tumor seeding [60].

Bosniak IV: Multilocular cysts, with thick irregular walls and nodularities, 
calcifications, and solid tissue components that enhance post-contrast. Around 
90% of these lesions are malignant cystic neoplasms [64]. Surgical intervention is 
recommended for these cystic lesions due to the very high risk of malignancy 
[57, 61].

�Acquired Cystic Kidney Disease

�Epidemiology

Acquired cystic kidney disease (ACKD) is characterized by the development of 
bilateral kidney cysts ranging between 0.5 and 3 cm in size in patients with advanced 
CKD or ESKD on renal replacement therapy [65]. The prevalence of ACKD ranges 
between 7 and 80% depending on CKD stage and duration of dialysis, with a higher 
prevalence noted with longer exposure to dialysis [65, 66]. ACKD affects both sexes 
equally but has been noted to affect African-American individuals disproportion-
ately [66].

�Pathogenesis

The cysts in ACKD develop from the kidney tubule, mainly the proximal tubule. In 
vivo studies suggest that chemical injury to the renal epithelium, combined with loss 
of renal mass sufficient to produce azotemia, results in focal tubular dilation and 
expansion. In genetically susceptible individuals, tubular hypertrophy and hyper-
plasia, in addition to hormonal and environmental factors, may be sufficient to trig-
ger latent oncogenes [55].
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�Clinical Presentation

The majority of patients with ACKD are asymptomatic [66]. However, a small pro-
portion of patients with very large cysts can present with flank pain and hematuria 
due to cyst rupture, hemorrhage, or infection [67]. The most dreaded complication 
of ACKD is the development of renal cell carcinoma (RCC). Compared to the gen-
eral population, patients with ACKD have an increased risk of RCC [66]. In pro-
spective studies of ACKD, the incidence of RCC has been reported to vary between 
4 and 7%, with a predisposition in males [68, 69]. In a prospective study of kidney 
transplant recipients, patients with ACKD had a higher prevalence of RCC com-
pared to those without ACKD[70]. A review of RCC in elderly patients is discussed 
in a different chapter.

�Diagnosis and Management

Since patients with ACKD are usually asymptomatic, cysts are diagnosed inciden-
tally with abdominal imaging performed for a different indication. Small-sized kid-
neys with 3 or more cysts in each kidney in patients with advanced CKD or ESKD 
are diagnostic of ACKD [66]. Compared to ultrasonography, contrast-enhanced CT 
is more sensitive to detect ACKD and differentiate solid from cystic lesions. Based 
on the thickness and irregularity of the cyst wall, septations, calcifications, and con-
trast enhancement, cysts can be further categorized using the Bosniak classification 
[58]. Management of RCC is discussed in a different chapter.

�Surveillance of ACKD

There are no established guidelines for the screening of ACKD in patients with 
CKD. As general guidance, screening for ACKD is not pursued in patients on dialy-
sis with short life expectancy or with prohibitive surgical risk for future interven-
tions [66]. Screening for ACKD is recommended for elderly patients on dialysis or 
with advanced CKD who are being evaluated for a kidney transplant. Potential kid-
ney transplant recipients without ACKD can be screened every 3–5 years after the 
initial screening, while those with ACKD will need more frequent surveillance and 
their management will differ depending on the Bosniak class of the complex kidney 
cysts [66]. There is no established evidence behind choosing a particular imaging 
modality for screening. Ultrasonography can be considered as an initial modality 
due to its widespread availability, while contrast-based imaging modalities may be 
considered subsequently depending on the size and complexity of the cysts [66].
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�Medullary Sponge Kidney

Medullary sponge kidney (MSK) is a congenital malformation of the terminal col-
lecting ducts leading to the development of diffuse cysts restricted to the medullary 
pyramids and a sponge-like appearance of the kidney on radiographic imaging [71]. 
MSK has a low prevalence of about 1% of the general population [72], and is usu-
ally diagnosed in the third decade of life, although the age at diagnosis can range 
from 12 to 69 years[72, 73].

�Clinical Presentation

Patients with MSK present with recurrent symptomatic nephrolithiases com-
posed of calcium phosphate and calcium oxalate [74]. Stone formation may also 
lead to urinary tract infections; in the presence of urease-splitting organisms, the 
stone composition may include struvite. Patients develop nephrocalcinosis over 
time, which is associated with chronic loin pain [73]. Other manifestations 
include painless hematuria that can be gross or microscopic, medullary concen-
tration defects leading to nocturia, and urinary acidification defects leading to 
distal renal tubular acidosis [72]. Hypercalciuria and hypocitraturia associated 
with incomplete distal renal tubular acidosis underlie the recurrent formation of 
nephrolithiases [74]. Some patients remain asymptomatic during adulthood, and 
MSK is incidentally diagnosed during routine abdominal imaging for another 
indication.

�Diagnosis

Plain radiographs will demonstrate calcium-containing stones and nephrocalcino-
sis. MSK has been previously diagnosed with intravenous pyelogram (IVP), which 
demonstrates nephrolithiasis, nephrocalcinosis, and pooling of contrast in dilated 
distal collecting ducts leading to the characteristic “paintbrush” or “bouquet of 
flowers” appearance [72]. However, the use of IVP has fallen out of favor due to the 
widespread availability of non-contrast CT ordered when patients present with renal 
colic. Non-contrast CT has a lower sensitivity in detecting MSK compared to 
IVP. However, CT urography with multidetector CT has been shown to have a sen-
sitivity comparable to IVP and better sensitivity compared to non-contrast CT, but 
with the drawback of increased radiation [71, 75].
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�Treatment

There is no specific treatment option for MSK [71]. Management involves correct-
ing the underlying metabolic abnormalities that increase stone formation. Treatment 
options include using potassium citrate 10–20 mmol in divided doses for patients 
with hypercalciuria and hypocitraturia, targeting a 24-h urinary citrate of 450 mg 
while keeping the urinary pH <7.5 [72]. Standard measures to prevent nephrolithia-
sis should also be implemented, such as increasing fluid intake and restricting 
dietary sodium and protein intake. The addition of thiazides can be considered in 
patients with hypercalciuria and recurrent stone disease despite the above 
approach [72].

�Autosomal Dominant Tubulointerstitial Kidney Disease

�Epidemiology

Autosomal dominant tubulointerstitial kidney disease (ADTKD) is a group of 
inherited kidney diseases characterized by autosomal dominant inheritance with 
tubulointerstitial fibrosis and CKD [22, 76, 77]. ADTKD remains underdiagnosed 
due to its nonspecific clinical presentation and the need for confirmatory genetic 
testing. The prevalence of ADTKD cannot be accurately determined. However, it is 
estimated to underlie CKD in 0.3–1% of individuals worldwide [78]. ADTKD is 
characterized by mutations in the genes UMOD, REN, MUC1, or HNF1B. Patients 
with mutations in UMOD and MUC1 tend to present with progressive CKD during 
their teenage years or early adulthood, while mutations in REN and HNF1B tend to 
present in infancy and childhood [22]. Despite the early age of presentation, 
ADTKD should be part of the differential diagnosis in an elderly patient presenting 
with progressive CKD of unclear etiology.

�Pathogenesis

ADTKD is characterized by mutations in the genes UMOD, REN, MUC1, and 
HNF1B in 50–60% of the cases. The remaining cases are genetically unresolved [77].

In ADTKD-UMOD, UMOD encodes uromodulin, which is secreted by the tubu-
lar epithelial cells of the thick ascending limb of the loop of Henle. Mutations in 
uromodulin lead to protein misfolding and accumulation in the endoplasmic reticu-
lum. Downstream effects include apoptosis of tubular epithelial cells, defects in the 
trafficking of cellular transporters such as Na-K-2Cl (NKCC2), and mitochondrial 
dysfunction. This leads to defects in the function of the loop of Henle that manifest 
as urinary concentration defects, interstitial fibrosis, and tubular atrophy [22].
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In ADTKD-MUC1, the MUC1 gene encodes mucin 1, which is expressed by the 
tubular epithelial cells (specifically, the loop of Henle, distal tubule, and collecting 
duct). Frameshift mutations in MUC1 affect cellular signaling and lubrication of the 
tubular epithelia [22]. In ADTKD-REN, the REN gene encodes preprorenin, muta-
tions in which lead to defective renin production, hyporeninemic hypoaldosteron-
ism, and apoptosis [22, 76].

In ADTKD-HNF1B, the HNF1B gene encodes the transcription factor hepato-
cyte nuclear factor 1β. Mutations in HNF1B lead to defective regulation and 
increased production of transforming growth factor-β. This subsequently activates 
genes involved in extracellular matrix deposition, which leads to interstitial fibro-
sis [22].

�Clinical Presentation

Patients with ADTKD present with progressive CKD that may lead to kidney fail-
ure, with a family history of CKD and gout. Patients with mutations in UMOD and 
less frequently MUC1, REN, and HNF1B develop hyperuricemia and gout at an 
earlier age [22, 77]. The progression of CKD and age at the onset of kidney failure 
show considerable genotypic and phenotypic variability. The age at the onset of 
kidney failure in ADTKD-UMOD ranges between 25 and 80 years, with a mean of 
50 years in men and 60 years in women [22]. ADTKD-associated with mutations in 
REN and HNF1B is frequently diagnosed in childhood and early adulthood, and 
hence may not be relevant to the geriatric population. ADTKD-REN presents with 
childhood-onset anemia, hyperkalemia, and hypotension due to hyporeninemic 
hypoaldosteronism. Conversely, ADTKD-HNF1B presents with congenital anoma-
lies of the urinary tract (CAKUT), maturity-onset diabetes of the young (MODY), 
and hypomagnesemia. [22]

�Diagnosis

Urinalysis demonstrates a bland urinary sediment with or without mild proteinuria, 
and low urinary osmolality reflecting a urinary concentrating defect [22]. The frac-
tional excretion of urea is also reduced [77]. On imaging, patients with ADTKD 
may present with normal-sized or small kidneys, in addition to kidney cysts [22, 
77]. The presence of many cysts with enlarged kidneys should raise the possibility 
of alternative diagnoses such as ADPKD[2]. Genetic testing in suspected individu-
als is confirmatory; however, it might be limited by availability and cost. 
Histopathology demonstrates non-specific diffuse tubulointerstitial fibrosis with 
secondary glomerular changes such as focal and segmental glomerulosclerosis [22].
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�Treatment

There is no specific therapy for the management of ADTKD. The mainstay of treat-
ment focuses on reducing the progression of CKD, managing gout and diabetes 
mellitus as needed, and referring for kidney transplant evaluation. ADTKD does not 
recur in kidney allografts. Genetic testing of family members being considered for 
donation is important [71]. General measures to reduce CKD progression include 
BP control, dietary restriction of protein intake depending on the CKD stage, and 
treatment of complications such as metabolic acidosis, anemia, hyperkalemia, and 
bone mineral disorders [22]. Patients with ADTKD and hypertension should be 
treated with blockade of the renin-angiotensin-aldosterone system (i.e., ACEi and 
ARBs). Diuretics should be avoided as they can worsen hyperuricemia and natriure-
sis, leading to volume depletion [77]. It is unclear whether xanthine oxidase inhibi-
tors such as allopurinol reduce CKD progression. However, allopurinol is 
recommended as the first choice for the prevention of gout in patients with 
ADTKD [77].

�Tuberous Sclerosis

�Epidemiology

Tuberous sclerosis (TSC) is a multisystem disorder characterized by mutations in 
tumor suppressor genes TSC1 and TSC2 with an incidence of 1 in 10,000 live births 
[64]. It has an autosomal dominant inheritance pattern in one-third of the cases, 
while in the remainder de novo mutations are responsible for the clinical features 
[79]. In the kidneys, TSC is associated with the development of angiomyolipoma, 
clear cell RCC, and multiple cysts [64]. Due to somatic mosaicism (i.e., the co-
existence of mixed cell populations consisting of a wild-type and mutant genotype, 
occurring with de novo mutations at early stages of embryogenesis), TSC may pres-
ent with very mild findings and remain undiagnosed until later in life [80].

�Pathogenesis

TSC1, located on chromosome 9, and TSC2, located on chromosome 16, encode 
hamartin and tuberin, respectively[79]. Hamartin and tuberin form the TSC protein 
complex that inhibits the mTOR pathway, which is essential for cellular growth and 
proliferation. Mutations in these tumor suppressor genes lead to continuous activa-
tion of mTOR, enhancing cellular proliferation and protein synthesis [81].
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�Clinical Features

Cystic kidney disease is the most common renal manifestation after angiomyoli-
poma and has a prevalence ranging from 14 to 45% [64, 82]. Cysts are more com-
mon in patients with mutations in TSC2 [82]. Cysts associated with TSC are 
generally described as simple cysts and tend to be asymptomatic. Cystic complica-
tions including hemorrhage and rupture are rare [82]. Extrarenal features comprise 
retinal hamartomas, benign cerebral lesions (e.g., tubers and subependymal giant 
cell astrocytoma), pulmonary lymphangioleiomyomatosis, cardiac rhabdomyomas, 
and various skin lesions such as facial angiofibromas and hypopigmented macules 
[83]. In about 5% of the patients, mutations in TSC2 can be associated with muta-
tions in the adjacent PKD1 gene (known as the TSC2/PKD1 contiguous gene syn-
drome), resulting in diffuse cystic kidney disease. However, this syndrome typically 
presents with early-onset kidney failure and kidney malignancy [64].

�Diagnosis

The presence of bilateral cysts along with angiomyolipoma lesions should increase 
suspicion of TSC. Contrast- or non-contrast-based imaging usually demonstrates 
simple cysts. Multisystem diagnostic criteria were devised by the International TSC 
Consensus Group [84]. Genetic testing identifying mutations in TSC1 and TSC2 is 
confirmatory [79].

�Management

Treatment or surveillance is not indicated for uncomplicated cysts in TSC. Cystic 
complications can be managed as described above (cf. Simple Kidney Cysts). Yearly 
MRI surveillance of the angiomyolipomas is recommended. Some patients might 
require nephron-sparing interventions (e.g., selective arterial embolization or partial 
nephrectomy) and administration of mTOR inhibitors [85]. Patients with TSC 
should also be referred to the appropriate specialists for the management of extrare-
nal features.
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�Von Hippel-Lindau Syndrome

�Epidemiology

Von Hippel-Lindau (VHL) syndrome is a multisystem disorder characterized by 
mutations in the tumor suppressor gene VHL with an incidence of 1 in 35,000 live 
births [64]. It has an autosomal dominant inheritance pattern in 80% of the cases, 
with sporadic de novo mutations accounting for the remaining 20% [86].

�Pathogenesis

The VHL gene, located in chromosome 3, encodes the VHL protein, which plays a 
regulatory role in the breakdown of the transcription factor hypoxia-inducible fac-
tor-1 (HIF-1). Mutations in VHL stabilize HIF-1 and stimulate the expression of 
growth factors such as vascular endothelial growth factor, platelet-derived growth 
factor, and transforming growth factor-α. These growth factors cause cellular 
growth, proliferation, and tumorigenesis [86]. Histopathology can demonstrate sim-
ple cysts with one layer of cuboidal epithelium, hyperplastic cysts with multiple 
epithelial cell layers, and clear cell RCC [87].

�Clinical Features, Diagnosis, and Treatment

In the kidneys, VHL syndrome is associated with the development of multiple cysts 
and RCC [64]. A range of 50–70% of patients with VHL syndrome develop numer-
ous kidney cysts bilaterally [86]. These simple cysts are usually asymptomatic with-
out loss of kidney function, and cystic complications are rare. Observational studies 
have demonstrated that 90% of patients with VHL syndrome over 60 years of age 
will present with kidney cysts and RCC, which contributes to increased mortality in 
this subgroup [88]. Imaging modalities with contrast are preferred for the surveil-
lance of complex cysts and monitoring for RCC in patients diagnosed with VHL 
syndrome [89]. Cysts in VHL syndrome have an indolent clinical course with slow 
growth over the individual’s lifetime. However, periodic surveillance with imaging 
is important due to the high incidence of RCC in the elderly [88].
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�Lithium-Induced Nephropathy

Lithium is one of the most common mood stabilizers prescribed for the manage-
ment of bipolar disorder worldwide. However, long-term use of lithium has been 
associated with various kidney adverse effects in the ageing population, such as 
nephrogenic diabetic insipidus, chronic tubulointerstitial nephritis, and increased 
risk of ESKD [90]. In addition, on histopathology, small bilateral microcysts 
(1–2 mm) originating from the distal tubules and collecting ducts have been reported 
in about 60% of biopsies [91]. MRI with gadolinium contrast is very sensitive to 
identify microcysts [91, 92]. Lithium-induced microcysts remain asymptomatic and 
do not need further monitoring.
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Chapter 10
Glomerular Disease in the Elderly

Jeffrey Kott, Nitzy Muñoz Casablanca, and Samuel Mon-Wei Yu

Take Home Points
•	 Diagnosing acute kidney injury including glomerular diseases in the elderly 

require comprehensive history taking and careful laboratory data review. A 
native kidney biopsy can assist with accurate diagnosis and should not be delayed 
to initiate treatments.

•	 Renin-angiotensin-aldosterone system blockade remains the standard-of-care 
for proteinuria. The use of immunological agents should be individualized 
according to patients’ underlying condition and comorbidities.

•	 Closer monitoring of side effects and infections from corticosteroid use or cyto-
toxic agents is important. Newer agents with less cytotoxic effects might be of 
particular interest for elderly patients with glomerular diseases.

�Clinical Scenario

An 80-year-old woman was referred by her primary care physician (PCP) to the 
outpatient nephrology clinic for elevated serum creatinine (SCr). She had a past 
medical history of hypertension, and chronic kidney disease (CKD) stage 3 with 
subnephrotic proteinuria. Her baseline SCr was 1.29 mg/dL with an estimated glo-
merular filtrate rate (eGFR) of 40 mL/min/1.73 m2. At the time of referral, her SCr 
was elevated to 1.91 mg/dL (eGFR: 24 mL/min/1.73 m2). Urinalysis showed 3+ 
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protein, large blood, moderate leukocytes, and few epithelial cells. Serum albumin 
was 3.6 mg/dL. Her primary care physician suggested patient stop enalapril and 
furosemide, which were used for blood pressure control. Her repeated SCr improved 
slightly after stopping the medications. Despite the clinical improvement, the 
nephrologist sent out serological tests for glomerulonephritis (GN) workup and 
asked the patient to return the following week.

�General Consideration of Glomerular Disease 
in the Elderly Patients

As life expectancy continues to increase worldwide, understanding kidney diseases 
in the elderly population to provide better clinical care has become an area of vigor-
ous research. One of the challenges to prompt recognition of kidney diseases in 
elderly patients is the confounding effects of nephron loss and associated eGFR 
declines with aging. In one study performed on community-dwelling older adults, 
the rates of eGFR decline of men and women without diabetes were 0.8 and 1.4 mL/
min/1.73 m2 per year [1], respectively, and the eGFR decline was faster in the pres-
ence of chronic kidney disease (CKD). Podocyte loss has been implicated in kidney 
aging and is associated with increasing proteinuria in elderly patients [2]. Common 
comorbidities in the elderly, including diabetes mellitus (DM) and hypertension 
(HTN), also lead to proteinuria. Since clinical clues of active glomerular diseases 
(decline of eGFR and proteinuria) might be present at the time of diagnosis, 
nephrologists will need to obtain a comprehensive history and diligently compare 
previous laboratory data, if available, to correctly diagnose glomerular disease with 
acute pathology in the elderly patients.

�Indication of Kidney Biopsy in the Elderly Patients

The misconception that advanced age is unfavorable for kidney biopsy has been 
disputed after a landmark study by Moutzouris et al. [3], in which the authors found 
that the results of a kidney biopsy potentially changed the clinical management for 
two-thirds of cohort patients. In addition, the risks of bleeding after kidney biopsy 
in the elderly did not differ from younger patients in a small prospective study [4]. 
Nevertheless, cessation of anti-platelet or anti-coagulation agents is needed periop-
eratively based on clinical history.

Table 10.1 summarizes the proposed general criteria for kidney biopsy and com-
mon indications for considering kidney biopsy in the geriatric population. Given the 
limited kidney biopsy data in elderly patients, the true prevalence of each diagnosis 
might vary depending on the indication of biopsy and inclusion criteria. For instance, 
pauci-immune glomerulonephritis (GN) was the most common diagnosis among 
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Table 10.1  General indications for kidney biopsy in geriatric population

Criteria for kidney biopsy
Common indication for kidney biopsy 
in the elderly

• A kidney biopsy is required to make a diagnosis or 
provide information that guides treatment

• Acute eGFR decline out of 
proportion to natural loss from aging

• The natural history of suspected diseases is associated 
with significant morbidity and/or mortality

• Proteinuria and/or hematuria

• The natural history of these diseases can be improved 
with therapy

• Active urinary sediment

• The treatments for these diseases differ between 
diagnosis that are made by kidney biopsy
• The treatments’ adverse event profiles are acceptable to 
your patients in his/her current state of health
• The risk of the procedure is acceptable to your patient 
in his/her current state of health

Adapted from Berns et al. [5] and Abrass [6]

Table 10.2  Indications for kidney biopsy and most common findings in the very elderly patients 
(more than 80 years of age) 

Indications for kidney biopsy Most common pathological diagnosis

Acute kidney injury (46.4%) Pauci-immune GN
Chronic kidney injury (23.8%) FSGS secondary to HTN/aging
Nephrotic syndrome (13.2%) Membranous nephropathy
Acute kidney injury and nephrotic syndrome 
(9.4%)

Minimal change disease

Proteinuria (5.5%) HTN nephrosclerosis
Proteinuria and hematuria (1.3%) Membranous nephropathy

Data adapted from Moutzouris et al. [3]

patients with acute kidney injury (AKI). In contrast, focal segmental glomeruloscle-
rosis (FSGS), likely caused by chronic HTN, was frequently seen in patients with 
CKD (Table 10.2) [3]. In this chapter, we will divide glomerular diseases in the 
elderly into nephrotic and nephritic syndromes, followed by a summary of the use 
of immunosuppression in elderly patients.

�Glomerular Diseases with Nephrotic Syndrome

�Diabetic Kidney Disease

The prevalence of diabetes mellitus (DM) with kidney complications, or diabetic 
kidney disease (DKD), are estimated to affect 41.3% of those aged >65 and more 
than 60% of those aged >75 [7]. Diagnosis of DKD is based on history and 
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laboratory findings and usually does not require a kidney biopsy. However, a kidney 
biopsy might be necessary to rule out other glomerular diseases in patients with 
atypical features such as proteinuria without proliferative retinopathy, sudden onset 
proteinuria, or rapid progression of kidney impairment. Similar to younger adult 
patients, the treatment goal of DKD is to ameliorate disease progression to ESKD 
via appropriate glycemic and blood pressure control. However, it is important to 
consider other risk factors such as increased frailty, risks of hypoglycemia, and 
polypharmacy in this unique population. Some experts suggested that a higher gly-
cemic target with hemoglobin A1c (HbA1c) <8.0% might be appropriate for elderly 
patients [8]. Therefore, clinicians should recognize underlying risk factors before 
treatment initiation and adjust the goals accordingly.

With regard to the treatment, the use of renin-angiotensin-aldosterone system 
(RAAS) blockade, including angiotensin-converting enzyme inhibitors (ACEi) and 
angiotensin receptor blockers (ARB), remains the standard of care for DKD. After 
a long pause of approved new treatment for kidney diseases, sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) have demonstrated substantial renoprotective 
and cardiovascular benefits, in addition to improving glycemic control. In older 
patients, the use of SGLT2i achieved a 0.4% reduction in hemoglobin A1c [9]. In 
addition, subgroup analysis based on age in the EMPA-REG OUTCOME [10] and 
DECLARE-TIMI 58 [11] trials confirmed the preventive effects of SGLT2i on car-
diovascular outcomes regardless of age, and there were no increased incidences of 
ketoacidosis among patients aged >65 years. However, data regarding the risks of 
genital and urinary tract infection (UTI) among elderly patients were conflicting 
[12], consistent with a later finding from a large cohort that no apparent increased 
risks of UTI among all adult patients [13]. Lastly, concurrent use of diuretics with 
SGLT2i should be carefully monitored for AKI mediated by overt volume depletion.

�FSGS/HTN

Focal segmental glomerulosclerosis (FSGS) is a group of diseases histologically 
characterized by podocyte foot process effacement and one or more glomeruloscle-
rosis seen in one kidney biopsy sample. FSGS is considered one of the leading 
causes of nephrotic syndromes in adults of all ages and a major cause of ESKD [14, 
15]. To date, FSGS is classified by the etiologies (primary, secondary, genetic, and 
FSGS of unknown cause) [16] or by the histological findings according to the 
Columbia classification [17]. However, the true prevalence of each category remains 
unclear largely due to different nomenclature used in the literature.

Among the elderly, a series of kidney biopsies reported that primary FSGS is 
present in only 5.4% of patients over 60 years with nephrotic syndrome [18] and 
approximately 3.9% among patients aged 80 years or older [3]. The major form of 
FSGS in older adults is secondary, caused by chronic adaptive changes from hyper-
tension, vascular disease, and obesity. In addition, prior exposure to interferons or 
intravenous bisphosphonates (especially pamidronate) can also lead to drug-induced 
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FSGS [19]. Histologically, tip lesions are more prevalent in older adults, particu-
larly individuals with white race/ethnicity [17, 20]. Tip lesions tend to have diffuse 
foot process effacement but the least amount of tubular atrophy and interstitial fibro-
sis. Thus, patients with tip lesions usually respond to glucocorticoid therapy well 
and have the lowest risk for disease progression. On the contrary, collapsing FSGS 
tends to have a more aggressive course and more tubulointerstitial injury, leading to 
poor response and prognosis [21]. A retrospective study in patients aged 65 or older 
with biopsy-proven collapsing glomerulopathy showed a median of 40% globally 
and 16% segmentally sclerotic glomeruli, which was higher than the average of the 
younger counterpart [22]. It is important to note that the risk alleles of APOL1 are 
associated with collapsing FSGS and might partly explain hypertensive glomerulo-
sclerosis, especially in patients of African descent [23].

The general approach to patients with primary or secondary FSGS includes 
RAAS blockade, dietary sodium restriction, and blood pressure control. High-dose 
glucocorticoids could be considered for those with primary FSGS and nephrotic 
range proteinuria or nephrotic syndrome [16]. To minimize the potential toxicity of 
daily high-dose steroids, Nagai et al. [24] assessed high-dose alternate-day steroid 
therapy in a group of 61 to 78-year-old patients (n = 17) with “idiopathic FSGS” and 
found that 44% of participants attained a complete remission after 3–5 months of 
therapy. CNI could be used as the alternative if high-dose corticosteroid is 
contraindicated.

�Membranous Nephropathy

Membranous nephropathy (MN) is the most common cause of nephrotic syndrome 
in adults of all ages, with a predominance in white and male patients. The preva-
lence peaks in adults between 50 and 60 years of age, and about 20–40% of kidney 
biopsies obtained from elderly patients with nephrotic syndrome showed MN 
[25–27]. Therefore, it is important to rule out MN secondary to malignancy, espe-
cially from solid tumors, due to high incidences of secondary MN in elderly patients 
[28]. Regardless of primary or secondary etiology, the pathological findings are 
characterized by the presence of diffuse granular electron-dense immune-complex 
deposits along the subepithelial surface of the glomerular capillary wall. In primary 
MN, several podocyte antigenic targets with circulating autoantibodies have been 
identified. Of these, M-type phospholipase A2 receptor (PLA2R) and thrombospon-
din type 1 domain–containing 7A (THSD7A) account for approximately 70% and 
1–5% of MN cases, respectively [25]. For the remaining 15–20% of cases, efforts 
have been made to identify the causal antigens/antibodies. Of interest, some of the 
other putative antigens have been found to be mostly in older adults, namely proto-
cadherin 7 (PCDH7) and serine protease high-temperature requirement A1 
(HTRA1). A study by Sethi et al. estimated that the prevalence of PCDH7-associated 
MN is approximately 1.6–2% and that the mean age for this subtype was 61 
(SD ± 11.7) years [29]. Similarly, HTRA1-associated MN may explain 1–2% of all 

10  Glomerular Disease in the Elderly



184

suspected primary MN cases, and the mean age for this cohort was 67.3 years [30]. 
Thus, the recognition of novel antibody/antigenic targets has not only provided 
insight into the pathophysiology of this disease but also aided in the diagno-
sis of MN.

Clinically, elderly patients with primary MN have a similar presentation com-
pared with younger adults, apart from decreased GFR and a higher prevalence of 
hypertension. It has been estimated that between 65% and 87% of elderly patients 
with membranous nephropathy present with nephrotic syndrome, and 25–50% have 
hypertension [31, 32]. Interestingly, while in the elderly there is a decreased kidney 
reserve at the onset of MN, which may impact their risk stratification for disease 
progression, the rate of decline in kidney function was similar to younger patients 
[33]. Therapeutic options and outcomes were also similar in older and younger 
individuals [34]. According to current KDIGO guidelines, all patients with MN and 
proteinuria should receive conservative therapy with dietary salt and protein restric-
tion, maximally tolerated dose of ACEIs or ARBs, diuretics, and antihyperlipidemic 
agents [16]. These measures are especially pertinent for the elderly with multiple 
medical comorbidities, and risks of adverse effects from immunosuppression use 
are higher. For those at higher risks for disease progression, namely patients with 
eGFR <45  mL/min/1.73  m2, increase in serum creatinine >25%, or persistent 
nephrotic syndrome (proteinuria >3.5 g/day and no decrease >50% after 6 months 
of conservative treatment), immunosuppressive treatment should be considered, 
especially if life expectancy is more than 5 years [19, 32]. The general practice for 
immunosuppression is to use rituximab or cyclophosphamide and alternate month 
glucocorticoids for 6  months, or calcineurin inhibitor (CNI)-based therapy for 
≥6 months, with the choice of treatment depending on the risk estimate [16].

�Minimal Change Disease

Minimal change disease (MCD) accounts for approximately 10–25% of adult-onset 
nephrotic syndrome [35]. A kidney biopsy is typically required to diagnose MCD in 
adult patients, given its lower prevalence compared to the pediatric population. The 
presence of diffuse effacement of podocyte foot processes on electron microscopy 
with negative immunofluorescence staining usually characterizes pathological find-
ings. Yet, superimposed lesions such as arteriolonephrosclerosis or global glomeru-
losclerosis are commonly seen in adult and elderly patients due to concomitant 
diseases such as hypertension and diabetes [27]. Similar to MN, MCD is also asso-
ciated with malignancy but more in hematological disorders such as lymphoma and 
leukemia [36]. The exact pathogenesis of primary MCD remains unclear but is pos-
sibly related to the dysregulated immune system [37]. Thus, in the adult MCD, cli-
nicians should perform a careful history taking and review of medications to 
diagnose secondary MCD, which can be elicited by various causes including drugs 
(nonsteroidal anti-inflammatory drugs, antibiotics, lithium), infection, and hemato-
logic malignancies.
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Adult-onset MCD frequently presents with AKI, microscopic hematuria, and 
hypertension [38]. A retrospective review by Waldman et  al. [39] on 95 patients 
with biopsy-proven primary adult-onset MCD (ages 19–78 years, mean age was 
45.1 ± 1.6 years) at a single tertiary center showed that the subset of patients with 
“acute renal failure” (ARF; rise in serum creatinine to >50% baseline) were more 
likely to be male, older (mean age 54.5 ± 3.4 years), hypertensive with lower serum 
albumin, and greater protein excretion than those without ARF. Stefan et al. [40] 
demonstrated that in adults older than 50 with MCD, the presence of vascular 
lesions (i.e. renal artery atherosclerosis and/or small arterial and arteriolar lesions) 
and tubulointerstitial fibrosis further increased the susceptibility to AKI.

The treatment for elderly patients with MCD is similar to adult-onset MCD with 
high-dose oral glucocorticoids. If there are contraindications for glucocorticoid use 
as the first-line treatment, cyclophosphamide or CNI may be considered [16]. 
Growing evidence also supports rituximab used as first-line therapy, but data in 
adult patients are limited [41]. In general, the relapse rate in adult-onset MCD 
remains high. Approximately 50–75% of all adults who respond to glucocorticoids 
have a relapsing episode, 10–25% become frequent relapsers (defined as two or 
more relapses within 6  months or four or more times within 12  months), and 
14–30% become steroid-dependent (relapsing within 2  weeks of glucocorticoid 
therapy). Interestingly, some reports have suggested that relapsing episodes were 
lower in the older (above 40- or 50-year-old) versus younger patients [42, 43]. 
Adults who do relapse are usually retreated with the initial regimen of glucocorti-
coids. For frequently relapsing or steroid-dependent MCD, the recommendation is 
to use either cyclophosphamide (preferred second-line agent based on extrapolation 
of studies in children; remission rate 50–80%), CNIs, mycophenolate, or rituximab. 
Finally, a repeat biopsy might be necessary to rule out other pathological processes 
such as FSGS, which confers a worse prognosis [38, 44].

�Glomerular Diseases with Nephritic Syndrome

�ANCA-Associated Vasculitis

ANCA-associated vasculitis (AAV) is a constellation of diseases that involve 
inflammation and damage to small or medium-sized vessels in the presence of cir-
culating ANCA autoantibodies. Based on the involved vessels, autoantibodies, and 
clinical presentations, AAV is classified into three major diagnoses: granulomatosis 
with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic GPA 
(EGPA, previously known as Churg-Strauss syndrome) (Table 10.3) [45]. The inci-
dence of AAV is approximately 20/million and has a heavy regional distribution. 
MPA is more common in Southern Europe and Asia, while GPA bias toward Europe 
[47]. Of note, the prevalence of AAV substantially increases with age, likely due to 
certain environmental exposure triggering autoimmunity [48]. The highest risk age 
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Table 10.3  Common features of ANCA-associated casculitis disease [45, 46] 

Disease features

Microscopic polyangiitis (MPA) – Necrotizing glomerulonephritis
– Pulmonary capillaritis
– Non-granulomatous inflammation
– MPO+: 58%, PR3+ 26%

Granulomatosis with polyangiitis (GPA) – Necrotizing glomerulonephritis
– Pulmonary capillaritis
– Ocular vasculitis
– Upper respiratory tract involvement
– Granulomatous and non-granulomatous 
inflammation
– PR3+: 66%, MPO+: 24%

Eosinophilic granulomatosis with 
polyangiitis (EGPA)

– Eosinophilic rich and necrotizing granulomatous 
inflammation
– Typically involves the upper respiratory tract
– Asthma is common
– Eosinophilia present
– Glomerular disease associated with ANCA 
positivity

of developing AAV occurs in the population aged 65–74, with an incidence as high 
as 60.1/million [47]. Consistent with the epidemiological data, AAV (or pauci-
immune vasculitis) is the most common finding of kidney biopsy among older 
patients, especially in those who presented with AKI and nephritis [3, 20, 49]. 
Clinical manifestations between elderly and young patients are largely similar, 
though elderly patients are more frequently diagnosed with MPA (with the positiv-
ity of MPO autoantibody) rather than GPA and more severe kidney involvement 
[50, 51]. As such, elderly patients have a higher risk of death after 6 months of 
diagnosis [52], and older age, higher creatinine, and lower Birmingham Vasculitis 
Activity Score were associated with poor outcomes [53].

Given the significant mortality and high likelihood of progression to ESKD [46], 
induction therapy that typically combines pulse glucocorticoids with cyclophospha-
mide- or rituximab-based treatment should be immediately initiated if no contrain-
dications. An important study by Weiner et al. reported that in patients aged 75 years 
or older with the diagnosis of GPA or MPA, receipt of standard immunosuppressive 
regimens (cyclophosphamide or rituximab-based induction therapy) was associated 
with significantly better outcomes compared to no immunosuppression treatment 
[53]. However, the mortality within the first 3 months remained high and was related 
to the complications of immunosuppression such as infections (Table 10.4). Thietart 
et al. recently evaluated the outcome of rituximab-based induction and maintenance 
therapy in patients older than 75 [57]. Despite the promising high remission and low 
relapse rate, the incidence of serious infections and death remained high in patients 
who received combined glucocorticoid and rituximab. Therefore, balancing suffi-
cient immunosuppression and preventing treatment-related complications continues 
to be a clinical challenge in treating elderly patients with AAV. Newer agents, such 
as the C5a receptor antagonist, was non-inferior to standard corticosteroid tapering 
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Table 10.4  Clinical outcomes for treated elderly patients with ANCA-associated vasculitis

Harper 
and 
Savage 
[51]

Pagnoux 
et al. [54]

Chen 
et al. 
[50]

Bomback 
et al. [55]

Harris 
et al. 
[56]

Weiner 
et al. 
[53]

Thietart 
et al. [57]

N 114 22 99 50 43 151 93
Age (mean, 
median)

70 
(65–90)

79 ± 3 72 ± 5.6 83 ± 2.7 72 ± 6 79 
(77–82)

79 
(76.7–83.1)

Creatinine 7.5 2.5 4.5 4.5 6.7 3.2 2.0
Death 
(1 year)

29 32 – 47 39 29 –

Death 
(2 years)

– 36 48 56 – 35 9.5

ESRD 
(1 year)

30 – 31 36 32 25 –

Remission 
(%)

26 – 15 49 78 – 86.4

Relapse (%) 26 – 15 4.3 19 3
Infection 
(%)

40 – – 38 39 – 19.7%

Adapted from “Treating Elderly Patients with ANCA-Associated Vasculitis” by Jefferson [58]

after initial cyclophosphamide or rituximab treatment [59]. Given their milder 
immunosuppressive effects and more specific targets, the C5a receptor antagonist 
might be of future interest, particularly in elderly patients, to avoid prolonged expo-
sure to corticosteroids.

�Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease that disproportion-
ately presents in women of childbearing age, with a six-to-tenfold female predomi-
nance in the ages of 16–64. Still, 6–19% of SLE cases are diagnosed after 50, with 
a consistent female predominance (5:1) [60–63]. In the elderly, the presentation of 
SLE is more insidious. Most patients present with non-specific symptoms such as 
fever, lymphadenopathy, and weight loss, which could be misdiagnosed with other 
diseases such as malignancy [64–67]. Meanwhile, lupus nephritis, malar rash, and 
discoid lupus, considered characteristic in younger patients, are relatively rare in the 
elderly. Clinicians should also consider drug-induced SLE, particularly in older 
patients with polypharmacy [68]. Like SLE in the elderly, drug-induced SLE typi-
cally presents with arthritis or serositis and less commonly manifests as nephritis.

SLE in the elderly is diagnosed through similar serological features, including 
anti-nuclear antibody (ANA), anti-double stranded DNA (anti-dsDNA), and hypo-
complementemia. ANA tends to be present in 67–100% of elderly onset SLE 
patients. However, ANA has poor sensitivity, as seen in the younger population and 
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other rheumatological diseases such as rheumatoid arthritis (RA). Contrary to the 
younger population of individuals with SLE, anti-dsDNA and hypocomplemente-
mia are less common. Overall, lupus nephritis remains a rare condition in the 
elderly. In the epidemiologic biopsy series performed on elderly patients, lupus 
nephritis was found as the pathologic lesion between 1.5% and 4% of biopsies in 
individuals with either nephrotic or nephritic syndrome [20, 49]. Given the paucity 
of data, treatment for lupus nephritis among the elderly remains the same as for 
younger individuals, with combined pulse glucocorticoids and cyclophosphamide 
or mycophenolate mofetil [69].

�IgA Nephropathy

IgA nephropathy (IgAN) is the most common form of GN worldwide, with an esti-
mated prevalence of 0.2–5 persons per 100,000 per year. The disease has a higher 
prevalence in East Asian countries, with large biopsy series demonstrating IgAN 
representing around 50% of newly diagnosed GN and a lower prevalence in North 
America [70, 71]. The incidence of IgAN in the elderly has increased over the past 
25 years. However, this may be confounded by increasing lifespans and better toler-
ance for kidney biopsy [72]. The exact pathogenesis of IgAN remains elusive and 
more likely to be multifactorial. More data suggested that the aberrant glycosylation 
of IgA secreted by B cells located in the mucosal-associated lymphoid tissue 
(MALT) forms immune complexes with circulating IgA autoantibodies. These 
immune complexes subsequently deposit in the kidneys and ultimately activate 
complement pathways leading to glomerular injury [73]. IgAN can be primary or 
secondary due to diseases such as inflammatory bowel disease, malignancies (e.g., 
lymphoma, lung cancer, IgA multiple myeloma), autoimmune diseases (e.g., anky-
losing spondylitis, rheumatoid arthritis), or pulmonary diseases (e.g., sarcoidosis, 
idiopathic pulmonary fibrosis). Patients typically present with microscopic hematu-
ria and proteinuria. AKI is common, and rarely rapidly progressive GN (RPGN) can 
occur in patients with crescentic lesions on the kidney biopsy [74].

In the elderly, IgAN tends to be associated with more severe kidney disease than 
in the younger population. Several studies have compared the clinical findings of 
IgAN in the elderly versus the younger population [20, 75, 76]. Clinically, the 
elderly population presents with more hypertension, nephrotic range proteinuria, 
and AKI than younger populations. Although some biopsy series reported a higher 
degree of globally sclerotic glomeruli and tubular injury in the elderly without a 
significant increase in crescents [76], IgAN in the elderly can still be necrotizing 
and crescentic GN [77]. Ultimately, the risk factor for progression to ESKD was 
almost twice as likely for the elderly, with increased risks of infection and mortality 
[72]. The treatment of IgAN in the elderly is similar to that in younger patients. 
RAAS blockade should be initiated for blood pressure control and proteinuria, yet 
the benefit of RAAS blockade is unclear in patients with normotension or protein-
uria <0.5 g/day [19, 78]. SGLT2 inhibitors can be considered based on a recent 
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subgroup analysis evaluating kidney outcomes of those with IgAN. However, only 
16% of this subgroup was older than 64; therefore, more studies are needed to verify 
the findings [79]. Targeted-released budesonide, a form of corticosteroid released in 
the distal ileum, was recently approved to treat patients with IgAN. However, the 
initial study population’s average age was between 30 and 40 years old [80]. The 
most recent report included patients with a wider range of ages, although more than 
50% of the study patients were younger than 45 [81]. Thus, whether budesonide 
could achieve similar responses in elderly patients needs further validation. Lastly, 
for patients presenting with RPGN, pulse glucocorticoids and additional immuno-
suppression should be considered similar to other RPGNs such as AAV [19, 20].

�Use of Immune Modulating Agents in Elderly Patients

Immunosuppressive medications are the mainstay of treatment for virtually all 
immune-mediated GN. In this section, we will outline the major immunosuppres-
sion medications, as well as several novel treatments currently undergoing clinical 
trials. In general, immunosuppressive agents increase the risks of infections, and 
antimicrobial prophylaxis is required to prevent opportunistic infections. Elderly 
patients are particularly susceptible to adverse effects from immunosuppression, 
careful evaluation is warranted prior to treatment initiation [58].

�Glucocorticoid

High-dose glucocorticoids are used as the initial treatment for various GN.  By 
inhibiting leukocyte trafficking and function, glucocorticoids can quickly suppress 
the overactive immune system to ameliorate acute damage [82]. However, major 
adverse effects from chronic glucocorticoid exposure substantially limit its pro-
longed use, and therefore rapid tapering followed by a glucocorticoid-sparing agent 
is usually necessary. For example, the TESTING trial revealed the potential kidney 
benefits of treating patients with IgAN (proteinuria of 1 g/day or greater) with glu-
cocorticoids compared to supportive therapy. However, the excessively severe 
infections led to the early termination of the trial, albeit in a fairly young population 
[83]. Two clinical trials of AAV [rituximab in ANCA-associated vasculitis (RAVE) 
[84] and rituximab versus cyclophosphamide in ANCA-associated vasculitis 
(RITUXVAS) [85] used a standard glucocorticoid regimen (1–3 g of methylpred-
nisolone followed by 1 mg/kg prednisone tapered to 5 mg over 6 months) combined 
with other immunosuppressants as the induction therapy. The patient population of 
the RITUXIVAS trial was older than the RAVE trial, with a median age of 67 and 
early 50s, respectively. Despite the relatively low rates of adverse events in both 
studies, high-dose glucocorticoids remained the major cause of adverse events. 
Most recently, the PEXIVAS trial (evaluating the use of plasmapheresis and 
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reduced-dose glucocorticoids in AAV) adapted a more rapid tapering of glucocorti-
coids and demonstrated that the reduced-dose regimen was non-inferior to the 
standard-dose regimen in death and ESKD [86]. Meanwhile, the investigators of the 
initial TESTING trial redesigned the study with a reduced-dose glucocorticoid regi-
ment (TESTING Low-Dose Study). Compared to the placebo, glucocorticoid treat-
ment for patients with IgAN at high risk of progression resulted in a consistent and 
improved kidney outcome [87]. In addition, the side effects and major infection 
were less common in patients receiving reduced-dose glucocorticoids. Although the 
currently available data on elderly patients are scarce, promising results from the 
more rapid tapering protocols should be considered when treating elderly patients. 
Lastly, other prophylactic measures to prevent opportunistic infections, vitamin D 
supplements, and anti-acid therapy should be routinely given similarly to younger 
patients.

�Cyclophosphamide

Cyclophosphamide, a cytotoxic alkylating agent, is historically the first-line treat-
ment for severe rheumatologic diseases such as AAV and lupus nephritis. Given the 
rise of alternative, less toxic immunosuppressive medications, cyclophosphamide 
has gradually fallen out of favor as the first-line immunosuppressant. It is now occa-
sionally reserved for severe disease refractory to other immunosuppressants. If 
needed, the total cumulative dose per patient should not exceed 10 g. A prior cohort 
study demonstrated that patients who received a total cumulative dose of >10 g had 
an increased risk of malignancy compared to the general population [88]. Prominent 
adverse reactions of cyclophosphamide use include cytopenia, infection, gonadal 
toxicity, teratogenicity, hemorrhagic cystitis, and hyponatremia. In addition, obser-
vational studies on a cohort of the elderly have shown an increased rate of malig-
nancy compared to the general population, with significantly high risks of bladder 
cancer and pancreatic cancer [88]. Most importantly, the dose of cyclophosphamide 
needs to be adjusted according to GFR, which is typically lower in elderly patients.

�Rituximab

Rituximab is a monoclonal antibody against CD20 (a transmembrane protein found 
on pre and mature B-lymphocytes), which leads to apoptosis of these cells and, 
ultimately, B cell depletion lasting around 24 weeks [89]. Given its mechanism of 
action, rituximab induces prolonged B cell depletion and pan-
hypogammaglobulinemia, putting individuals at higher risks for opportunistic 
infections such as pneumocystis, as well as reactivation of tuberculosis (TB) and 
hepatitis B. Thus, prior to its use, individuals should be screened for TB and hepa-
titis B infection [90]. Given the severe side effects with cyclophosphamide and 
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glucocorticoids, rituximab has been evaluated as primary treatment for glomerular 
diseases such as AAV, in which studies have shown non-inferiority as the induction 
therapy in both general and elderly populations [84, 85, 91–93]. However, it is 
important to point out that despite a lower incidence of leukopenia in patients 
receiving rituximab, the infection rate remained similar between cyclophosphamide 
and rituximab arms in both RAVE and RITUXVAS trials. In addition, rituximab has 
been used as the first-line treatment for membranous nephropathy [94, 95]. Some 
case reports demonstrated encouraging results using rituximab to treat glucocorticoid-
resistant minimal change disease, focal segmental glomerulosclerosis, and lupus 
nephritis. Nevertheless, this data was reported in younger populations given the 
disease demographics, and more data is required to assess its efficacy in elderly 
patients [41, 96].

�Calcineurin Inhibitors

Calcineurin Inhibitors (CNI) such as tacrolimus and cyclosporine are T-cell inhibi-
tors that have longstanding use in the organ transplant population. CNIs are mostly 
used as a glucocorticoid-sparing agent in glucocorticoid-dependent or resistant 
patients or as a multitarget therapy in lupus nephritis [97]. Animal studies also dem-
onstrated the non-immunological effects of CNIs that facilitate podocyte remodel-
ing and proteinuria mitigation [98]. Typically, CNIs are dosed orally once to twice 
daily depending on formulation, and doses need to be adjusted according to the 
serum trough level. In a cohort of kidney transplant recipients, the CNI trough levels 
were higher in older patients than that of younger patients, likely due to reduced 
metabolism from CYP3A4 [99]. Therefore, more frequent monitoring and adjust-
ment might be warranted in elderly patients receiving CNI for primary glomerular 
diseases.

�Mycophenolate Mofetil

Mycophenolate Mofetil (MMF) targets inosine monophosphate dehydrogenase and 
inhibits guanosine nucleotide synthesis necessary for lymphocyte proliferation. 
MMF is effective as induction therapy in lupus nephritis [100, 101], and its use for 
maintenance therapy has better outcome compared to azathioprine [102]. Similar 
effects have been demonstrated in a recent meta-analysis for ANCA-associated vas-
culitis [103]. Given its use in lupus nephritis, typically found in younger patients, 
data for the use of MMF in the elderly with glomerulonephritis is limited. However, 
in transplant patients, 66% of the elderly transplant patients required a dose reduc-
tion of MMF at 1 year, with almost half developing either leukopenia or gastrointes-
tinal side effects [104].
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�Clinical Scenario Follow-Up

The patient returned to the clinic the following week and denied any new symp-
toms. Repeated SCr was stable at 1.87 mg/dL (eGFR: 25 mL/min/1.73 m2). The 
serological tests were positive for anti-myeloperoxidase (anti-MPO)  >100.0  U/
mL. She underwent an urgent kidney biopsy demonstrating crescentic GN, acute 
tubular injury, FSGS, and moderate parenchymal scarring. She was tested negative 
for QuantiFERON, hepatitis B core antibody, and surface antigen. Given no appar-
ent contraindication and stable physical condition, the nephrologist discussed with 
the patient and her family and agreed on immunosuppression treatment. She 
received four doses of rituximab infusion, pulse glucocorticoids according to RAVE 
trial, and appropriate prophylactic medications without complications.

�Conclusion

Despite the rapidly aging population worldwide, research and clinical trials focus-
ing on the geriatric population remain scarce, and recommended treatments are 
largely extrapolated from the data analyzed in the younger population. DKD remains 
the most common cause of nephrotic range proteinuria in elderly patients. Yet, clini-
cians should look out for any atypical presentations such as hematuria and rapid 
decline of kidney function. Given the high likelihood of frailty, cognitive impair-
ment, and other comorbidities, it is important to carefully evaluate patients’ general 
conditions and individualize therapeutic plans. Close monitoring of adverse effects 
from glucocorticoids or other immunosuppressants is particularly necessary to pre-
vent severe infections. More targeted therapy and generalized patient selection in 
clinical trials might shed light in treating elderly patients with glomerular diseases 
in the future.
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Chapter 11
CKD in Elderly: Bone and Mineral 
Metabolism

Marriam Ali and Pauline Camacho

�Case Presentation

A 73-year-old woman with a history of hypertension, osteoarthritis and chronic 
kidney disease stage 3 presents for evaluation and management of osteoporosis fol-
lowing a compression fracture. The patient noted a history of back pain following a 
fall from standing height. Subsequent radiographs revealed a subacute L2 vertebral 
compression fracture which was managed conservatively with pain control. She 
denies previous fractures but notes her mother suffered a hip fracture at a similar 
age. She describes a 1-in height loss in the past year. She avoids exercise due to joint 
pain. She is lactose intolerant and does not take any supplements. She denies a his-
tory of smoking or alcohol use. She does not have acid reflux. Her medications 
include amlodipine and lisinopril. On exam, she is a thin, frail female with a cau-
tious gate. Oropharynx reveals no dental abnormalities. There is minimal scoliosis 
and absence of vertebral point tenderness.

A bone density obtained prior to her visit reveals a T-score of −2.8 at the lumbar 
spine and −2.5 at mean femoral necks.

Additional serum and urine workup is below:

Serum calcium 9.0
Serum phosphorus 3.6
Serum creatinine 1.9
GFR 44 mL/min/1.73 m2 ( >60)
Vitamin D 19 (30–80)
Intact parathyroid hormone 80 (11–65)

M. Ali · P. Camacho (*) 
Endocrinology and Metabolism, Loyola Medicine Center, Maywood, IL, USA
e-mail: marriam.ali@lumc.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-68460-9_11&domain=pdf
https://doi.org/10.1007/978-3-031-68460-9_11#DOI
mailto:marriam.ali@lumc.edu


200

SPEP without monoclonal spike
Bone-specific alkaline phosphatase 25 (11.6–42.7 unit/L)
Urine calcium 80 mg/24 h (100–300 mg/day)

�Calcium Regulation and Bone Mineral Metabolism in CKD

Both aging and chronic kidney disease (CKD) can impact calcium and phosphate 
homeostasis and bone mineral metabolism through dysregulation of pathways 
involving vitamin D, parathyroid hormone (PTH), and fibroblast growth factor-23 
(FGF-23) and increase risk for fractures, morbidity and mortality [1]. Below, we 
review the physiologic roles and interplay of these elements and the pathologic 
impact of CKD and/or aging on their function, as summarized in Table 11.1. This 
dysregulation ultimately leads to disrupted bone turnover and the, development of 
bone disease including chronic kidney disease–mineral and bone disorder (CKD-
MBD) and osteoporosis.

The physiologic interplay of bone-related factors and the net impact of CKD on 
this homeostasis. FGF-23, fibroblast growth factor-23; CKD, chronic kidney dis-
ease; PTH, parathyroid hormone.

�Calcium

Calcium is largely obtained through the normal adult diet and exists in circulation 
as ionized (~51%), protein-bound (~40%) and complexed (~10%) [2]. Calcium is 
obtained via intestinal absorption from dietary sources, through kidney reabsorption 
and bone resorption or turnover. These pathways are influenced by parathyroid hor-
mone, vitamin D status and glomerular filtration rate as well as medications, volume 
status and lifestyle effects. In the kidney, calcium is filtered through the glomeruli 
and is primarily reabsorbed in the proximal tubule with about 10% via the distal 
convoluted tubule [3]. Vitamin D, parathyroid hormone, volume contraction and 
thiazide diuretics increase while loop diuretics and FGF-23 decreases the reabsorp-
tion of calcium by the kidney.

Table 11.1  Factors affecting calcium and phosphate levels

Calcium Phosphate
Parathyroid 
hormone

Vitamin D 
1,25

FGF-
23

Effect of 
CKD

Vitamin D 1,25 ↑ ↑ ↓ – ↑ ↓
Parathyroid 
hormone

↑ ↓ – ↑ ↑ ↑

FGF-23 ↓ ↓ ↓ ↓ – ↑
CKD net effect ↓ ↑ ↑ ↓ ↑ –
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Kidney function decline leads to decrease in active vitamin D (1,25 vitamin D), 
and increases in FGF-23, parathyroid hormone and protein-bound calcium loss. The 
net effect of kidney function decline is reduced circulating calcium and pathologi-
cally increased or decreased bone turnover, i.e. osteoporosis or adynamic bone dis-
ease, respectively.

�Phosphate

Phosphate is primarily obtained through dietary absorption which is promoted by 
active vitamin D. Phosphate is primarily distributed within the bone and cells and 
excreted by the kidneys. Reabsorption is regulated by vitamin D which increases 
phosphate reabsorption in the kidneys. Contrarily, parathyroid hormone and FGF-23 
promote excretion [4].

Decline in glomerular filtration rate (age-related and pathologic) leads to phos-
phate retention and hyperphosphatemia. To maintain balance, in early CKD, FGF-23 
levels increase to promote renal phosphate excretion. In late stages of CKD, how-
ever, this compensation of higher FGF-23 levels is insufficient to maintain phos-
phate levels within a normal range. Additionally, hyperphosphatemia itself raises 
PTH and FGF-23 and suppresses hydroxylation of 25-OH vitamin D as well as 
decreases circulatory calcium [2]. This cascade of effects contribute to parathyroid 
hyperplasia and bone mineral dysregulation.

�Vitamin D

Unlike calcium, western diets are a poor source of vitamin D. Without supplementa-
tion, the major source of vitamin D is through conversion of 7-deoxycholesterol to 
cholecalciferol (vitamin D3) by ultraviolet radiation in sunlight. Insufficient sun 
exposure and absence of supplementation can lead to vitamin D deficiency or insuf-
ficiency. Diets can be supplemented with either cholecalciferol or ergocalciferol 
(vitamin D2) which are subsequently converted to 25-hydroxyvitamin D by the liver, 
and further hydroxylated to the highly active form, 1,25 dihydroxyvitamin D (cal-
citriol) by 1,25-alpha hydroxylase in the kidney. This process is enhanced by PTH 
and inhibited by FGF-23 and hyperphosphatemia. Vitamin D promotes intestinal 
calcium and phosphate absorption while mediating PTH-induced bone resorp-
tion [5].

CKD reduces vitamin D activation through inhibition of 1 alpha hydroxylase, 
increased FGF-23 which further inhibits 1,25 vitamin D, and increased protein-
bound vitamin D losses through the urine. Additionally, aging reduces skin renewal 
and intestinal absorption of vitamin D. In this manner, elderly patients can reduce 
fracture risk by 14–30% with vitamin D [6]. Similarly, supplementation with 1,25 
vitamin D (calcitriol) is often indicated in patients with CKD.
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�Parathyroid Hormone

Intact parathyroid hormone (PTH) is produced by the four parathyroid glands 
located in the neck. PTH is metabolized in the liver and the inactive portion is 
excreted by the kidneys. When released into circulation, PTH is responsible for 
increasing serum calcium through accelerated bone turnover, simulation of 1-alpha-
hydoxylation of vitamin D and increased renal tubular calcium reabsorption. It also 
decreases renal tubular phosphate reabsorption and increases FGF-23 gene expres-
sion [7]. The net effect of elevated PTH is increased serum calcium and decreased 
serum phosphorus. PTH synthesis is activated by hypocalcemia which is sensed by 
a calcium-sensing receptor on the parathyroid cells. It can also be stimulated by low 
circulating vitamin D levels or hyperphosphatemic states.

Parathyroid hormone can pathologically rise due to a parathyroid adenoma, 
defined as primary hyperparathyroidism, which has a higher occurrence with age. 
Decline in kidney function is associated with impaired phosphate excretion, reduced 
calcium reabsorption, and decreased vitamin D activation, all of which stimulate 
parathyroid hormone release, known as secondary hyperparathyroidism. As CKD 
advances, there is increased bone resistance to parathyroid hormone and ongoing 
secondary hyperparathyroidism, by which PTH levels rise to 150–300 p/mL (nor-
mal <65) to maintain healthy bone turnover [2]. In CKD, a level >300 pg/mL is an 
indication for treatment to suppress PTH synthesis. PTH suppression can be under-
taken by supplementation of vitamin D 25-OH and 1,25 vitamin D as well as drugs 
that activate calcium-sensing receptors on the parathyroid gland, thereby reducing 
PTH synthesis or drugs that bind excess phosphate. This must be balanced in such 
a way to prevent oversuppression of PTH (PTH <150 pg/mL) resulting in adynamic 
bone disease or suppressed bone turnover.

�Fibroblast Growth Factor-23 (FGF-23)

FGF-23 is a protein produced by osteoclasts and osteoblasts in bone and primarily 
influences phosphate homeostasis with an indirect role in calcium regulation. 
FGF-23 when bound to its receptor, stimulates renal tubular phosphate excretion, 
reduces 1a-hydroxylation of vitamin D, and suppresses PTH release [8]. The net 
effect of circulating FGF-23 is reduced phosphate and calcium levels in the blood. 
FGF-23 production is stimulated by active vitamin D, hyperphosphatemia, and 
parathyroid hormone. FGF-23 levels also rise in CKD.

In the elderly, abnormal levels of FGF-23 and resultant phosphate wasting can 
rarely be seen in mesenchymal tumors and lead to a form of bone disease known as 
tumor-induced osteomalacia. More commonly, elevated FGF-23 is seen in early and 
late stages of CKD and is associated with refractory secondary hyperparathyroid-
ism. As noted earlier, secondary hyperparathyroidism is associated with dysregu-
lated bone turnover (Fig. 11.1).
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Fig. 11.1  Interplay of 
PTH, FGF-23 and active 
Vitamin D. (Adapted from 
Nutrients. 2013 May 29)

�CKD-MBD

Bone disease in elderly patients with CKD occurs due to dysregulated calcium and 
phosphate balance through interplay between calcium, phosphate, parathyroid hor-
mone, FGF-23 and calcitriol. Chronic kidney disease-mineral and bone disease is a 
systemic disorder that encompasses these bone metabolic abnormalities and is char-
acterized by at least one of the following [9]:

•	 Abnormalities in serum calcium, phosphate, PTH, FGF-23 or vitamin D
•	 Abnormal bone turnover, mineralization, volume, and strength
•	 Vascular or soft tissue (extra skeletal) calcification

CKD-MBD then contributes to increased fracture risk, vascular calcifications, 
and ultimately all-cause mortality. The elderly CKD population is particularly vul-
nerable as CKD impacts premature aging and causes resultant age-associated car-
diovascular and metabolic disease [10].

KDIGO recommends that CKD-MBD be categorized based on bone turnover, 
mineralization, and volume known as the TMV system.

Bone turnover describes the balance between bone formation and resorption and 
is dictated by PTH. The gold standard to assess bone turnover and the specific bone 
disorder involved in patients with CKD is via a bone biopsy. However, as bone 
biopsies are not readily available or cost effective, bone biomarkers are used as a 
surrogate for diagnosing and monitoring bone turnover. PTH in conjunction with 
bone-specific alkaline phosphatase can indicate underlying bone turnover and pre-
dict the underlying bone disease.

Bone turnover is defined the rate of bone resorption. Abnormalities in CKD-
MBD range from high turnover states such as osteitis fibrosa cystica to low-turnover 
states such as adynamic bone disease. Mixed bone disease is characterized by fea-
tures of high and low bone turnover. In the high turnover bone disease, known as 
osteitis fibrosa cystica, high levels of PTH increase bone turnover by activating 
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RANK on osteoclasts which, in turn, promotes bone resorption and inhibits osteo-
protegerin which suppresses osteoclast activity [3]. In contrast, adynamic bone dis-
ease, characterized by low bone formation rates, is a state with reduced PTH levels, 
typically <150 pg/mL, decreased bone cellular activity and decreased turnover [11]. 
Adynamic bone disease is more often seen in those individuals with underlying 
diabetes and/or who are on peritoneal dialysis [3].

Both high and low turnover disorders of CKD-MBD are associated with increased 
fracture risk, calcium-phosphate product elevation, extraskeletal calcification as 
well as overall mortality [12, 13]. Another bone disorder known as osteomalacia is 
characterized by large amounts of osteoid material without appropriate mineraliza-
tion, though is less frequently observed in elderly CKD patients.

Extraskeletal calcification including soft tissue and vascular calcification is a 
disorder of CKD-MBD and aging. Vascular calcification in particular is tightly 
associated with all-cause mortality by way of early onset of cardiovascular disease 
and diabetes.

The various bone disorders seen in CKD-MBD are summarized in the following 
table (Table 11.2).

�Management Strategies

Consistent monitoring of serum calcium, phosphate, PTH, and vitamin D is neces-
sary for older adults with CKD. Recommendations for treatment include replenish-
ing vitamin D-deficient stores and ensuring adequate calcium intake of approximately 
800–1000 mg daily. Serum calcium should be maintained in the normal range while 
mild hyperphosphatemia and hyperparathyroidism are permitted, <5.5 mg/dL and 
150–300 pg/mL, respectively. Dietary modification to limit phosphate intake should 
be encouraged. Additionally, phosphate binders, calcimimetics such as cinacalcet, 
and/or active vitamin D can be utilized; titrated carefully to simultaneously limit 
excess bone turnover while avoiding the development of adynamic bone disease 

Table 11.2  CKD-MBD defined by bone turnover

CKD-related 
bone disease Features Disorder Manifestation

Osteitis fibrosa 
cystica

High turnover Secondary 
hyperparathyroidism
Tertiary hyperparathyroidism

Increased fracture risk, 
elevated calcium-
phosphate product, 
extraskeletal calcification

Adynamic 
bone disease

Low turnover, 
decreased bone 
formation

Excessive PTH suppression. 
More common in peritoneal 
dialysis and diabetes

Increased fracture risk, 
elevated calcium-
phosphate product, 
extraskeletal calcification

Osteomalacia Low turnover, 
deficient 
mineralization

Associated with aluminum-
containing phosphate binders, 
less common in elderly
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with these same agents. Additional fracture risk reduction strategies are dis-
cussed below.

�Osteoporosis

CKD-MBD is associated with bone loss and fractures, both of which are addition-
ally magnified by age and frailty. Thus, older adults with CKD are particularly vul-
nerable to the impact of osteoporosis, characterized by low bone mass, disrupted 
bone microarchitecture, skeletal fragility, and ultimately low trauma fractures. In 
fact, fracture incidence rates are more than fourfold higher and are associated with 
greater morbidity and mortality than the general population [2]. Therefore, fracture 
risk reduction in this growing population is prudent, and the management paradigm 
of CKD-related osteoporosis is shifting toward active monitoring and intervention.

Diagnosis of CKD-associated osteoporosis can be undertaken with a measure-
ment of bone mineral density to assess fracture risk by dual-energy X-ray absorpti-
ometry (DXA). Osteoporosis is diagnosed by a T-score < −2.5 on DXA, a T-score 
between −1.0 and −2.4 with an elevated fracture risk assessment tool (FRAX) 
score, or based on the clinical history of a low trauma fracture. The most recent 
KDIGO updates recommend measurement of bone mineral density (BMD) to assess 
fracture risk in patients with CKD-MBD or risk factors for fractures such as post-
menopausal status, older age, use of glucocorticoids and low body mass index.

In patients with eGFR >30 mL/min without evidence of CKD-MBD, manage-
ment is similar to patients without CKD.  However, the management of CKD-
associated osteoporosis is more complex. Regardless, management strategies should 
incorporate lifestyle optimization and balanced control of vitamin D deficiency, 
hyperphosphatemia, and hyperparathyroidism using the strategies outlined above. 
Beyond this, the addition of typical anti-fracture pharmacologic agents requires 
careful consideration as these medications are often cleared by the kidneys, can 
potentially increase the risk for hypocalcemia or adynamic bone disease, or simply, 
have not been adequately studied for benefit and safety in the CKD-MBD popula-
tion. However, emerging bodies of evidence do suggest there is a role for specific 
anti-resorptive agents where the benefit may be greater than the risk for adynamic 
bone disease [14]. The aging population in which fragility fractures, reduced eGFR, 
and low BMD are common, may be of particular benefit.

The typical treatment approach is based on the presence or absence of CKD-
MBD and specifically adynamic bone disease as employing pharmacologic agents 
that suppress bone turnover in a state of low bone turnover may not be beneficial. 
Traditionally, the gold standard for assessing bone turnover is conducted through a 
bone biopsy, which is limited by cost, availability, and patient comfort. Updated 
guidelines encourage the use of surrogates for bone biopsy to predict bone turnover 
in most cases. These markers include PTH and bone-specific alkaline phosphatase 
levels, both of which are associated with high bone turnover [15]. When the state of 
bone turnover remains unclear, a bone biopsy by an expert technician should be 
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considered. A proposed algorithm published by the Clinical Journal of the American 
Society of Nephrology summarizes an approach for fracture risk screening and ini-
tiation of ant-fracture strategies in Fig. 11.2.

�Anti-resorptive Agents

Bone resorption is mediated by the osteoclast activity. When there is normal to high 
turnover, pharmacologic agents that inhibit bone resorption may be helpful in pre-
venting fracture.

�Bisphosphonates

Bisphosphonates inhibit the synthesis of isoprenoid compounds essential to osteo-
clast function, resulting in osteoclast apoptosis or dysfunction. Given their high 
affinity for bone mineral, they are retained in the skeletal system for several years. 

Fig. 11.2  Approach for fracture risk screening and initiation of anti-fracture risk strategies in 
patients with CKD. (Adapted from the Clinical Journal of the American Society of Nephrology. 
CKD-MBD CKD mineral and bone disease, DXA dual-energy X-ray absorptiometry, PTH parathy-
roid hormone [14])
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The residual drug not taken up by bone is cleared by the kidneys. Therefore, at this 
time these medications are not recommended when eGFR <30 mL/min, to avoid 
potential oversuppression of bone turnover from drug accumulation [16]. Though 
more studies assessing bisphosphonate therapy specifically in the CKD-MBD pop-
ulation are needed, there is emerging data in post-hoc analyses that suggest improve-
ment in lumbar BMD in patients with pre-dialysis CKD treated with bisphosphonate 
therapy [17–19]. Bisphosphonates are administered orally (weekly or monthly) or 
by annual intravenous infusion, typically for 3–5 years. Due to skeletal retention, 
drug holidays can be implemented without reversing the bone improvement.

�Denosumab

Denosumab is a monoclonal antibody against RANK, thereby inhibiting osteoclast 
proliferation and development [14]. There is evidence that denosumab reduces ver-
tebral and non-vertebral fracture risk reduction in postmenopausal women with age-
related kidney function decline [20]. Because it is not cleared by the kidneys, there 
is less risk of oversuppression of bone remodeling and therefore unlike bisphospho-
nates, denosumab can be considered for lower GFR ranges. Given the potent effect 
of denosumab however, there is an increased risk for hypocalcemia, and thus cal-
cium and vitamin D should be assessed prior to administration of denosumab. 
Hypocalcemia can be safely mitigated with adequate calcium and vitamin D supple-
mentation. The typical course is 60 mg of denosumab administered every 6 months. 
Unlike bisphosphonates, denosumab is not retained for long periods of time and 
thus, its favorable skeletal improvements quickly reverse and place patients at risk 
for rebound fractures if dosing is delayed or discontinued [21]. The risk for rebound 
fractures increases with the duration of denosumab therapy, rendering denosumab 
cessation a safety concern. Therefore, patients should be encouraged to adhere to 
the dosing schedule, and subsequent antiresorptive treatment, often limited by kid-
ney function, should be utilized if denosumab is discontinued.

�Teriparatide and Abaloparatide

Anabolic agents such as teriparatide and abaloparatide are recombinant peptides of 
the PTH and PTH-rp, respectively [14]. When parathyroid hormone is administered 
in a pulsatile manner, it acts as an anabolic agent. As these therapeutics center on the 
bone formation arm of the remodeling process rather than bone turnover, there is 
potential utility for patients with advanced CKD and adynamic bone disease. These 
medications require pulsatile daily subcutaneous administration to maintain pulsa-
tile exposure in the currently approved non-CKD-MBD population. Data for teripa-
ratide in CKD-MBD is limited to small observational studies which showed 
increases in BMD at the spine and femoral including in patients with biopsy-proved 
adynamic bone disease [22, 23]. While abaloparatide was designed to be more 
purely anabolic, there is no data on its use in patients with CKD-MBD yet. Adverse 
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Table 11.3  Overview of available therapeutics for osteoporosis in CKD

Drug Dosage GFR cutoffs
Effect on mineral 
metabolism

Alendronate 35–70 mg per oral 
once weekly

eGFR >35 mL/min Hypocalcemia, 
hypophosphatemia

Zoledronic 
acid

5 mg intravenous 
once yearly

eGFR >35 mL/min Hypocalcemia, 
hypophosphatemia

Denosumab 60 mg subcutaneous 
every 6 months

Any eGFR Hypocalcemia, 
hypophosphatemia

Teriparatide 20 μg subcutaneous 
daily

eGFR >30 mL/min Hypercalcemia, 
hypercalciuria

Abaloparatide 80 μg subcutaneous 
daily

Any eGFR, not studied in 
ESRD

Hypercalcemia, 
hypercalciuria

Romosozumab 210 mg subcutaneous 
monthly

GFR >30 mL/min in trials, 
not studied in GFR <30 mL/
min

Adapted from Clinical Journal American Society of Nephrology with modifications

events that should be monitored if these agents are employed include hypercalcemia 
and hypercalciuria, which were seen more commonly in advanced CKD.  These 
medications are administered as daily subcutaneous injections.

�Romosozumab

Romosozumab is anti-sclerostin a monoclonal antibody that has both anti-resorptive 
and anabolic properties. Sclerostin is secreted by osteocytes and when inhibited, 
leads to greater bone formation than resorption. It is administered as a once-monthly 
subcutaneous injection in the non-CKD population. Current trials investigating 
Romosozumab efficacy in participants with mild to moderate CKD show benefit 
[24]. Studies have not yet been conducted to evaluate fracture prevention in those 
with more severe kidney disease.

Bone-specific pharmacology and its potential use in CKD-associated osteoporo-
sis is summarized in Table 11.3.

�Lifestyle Management

Lifestyle measures include addressing reversible risk factors and bone health opti-
mization. These measures include adequate calcium and vitamin D intake, weight-
bearing exercise, smoking cessation, limited alcohol intake, and fall prevention 
strategies. Implementing fall prevention strategies is particularly important in the 
aging population with CKD who are often frail with sarcopenia, or decreased mus-
cle mass [25].
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�Case Recap

The patient presented at the beginning of the chapter is a postmenopausal older 
adult with multiple risk factors for osteoporosis as diagnosed by her bone density 
score and vertebral spinal fracture. Her risk factors include frailty, decreased mobil-
ity, infrequent calcium intake, vitamin D insufficiency, CKD, history of spinal frac-
ture, and family history of osteoporosis. Her lab work is consistent with vitamin D 
insufficiency and secondary hyperparathyroidism from low vitamin D and CKD. Her 
serum calcium levels are reassuringly normal and do not suggest primary hyper-
parathyroidism. Management would begin with encouraging lifestyle changes. This 
would include optimizing calcium and vitamin D intake, enrolling in physical ther-
apy for gait stability, encouraging safe weight-bearing activity, and reviewing fall 
precautions.

In addition, this patient would benefit from the incorporation of bone-specific 
therapy after adequate repletion of vitamin D and calcium. Multiple osteoporotic 
medication options exist and may depend on patient comfort, insurance coverage, 
and accessibility to consistent follow-up. Therapy could include initiating antire-
sorptive therapies such as an oral or IV bisphosphonate (if creatinine clearance 
remains above 35 mL/min) or prolia (if creatinine clearance falls below 35 mL/
min). Alternatively, given her prior spinal fracture signifying more severe osteopo-
rosis, she may be a candidate for an injectable anabolic agent such as a PTH-analog 
or monthly Romosozumab. Monitoring response to therapy with bone turnover 
markers and repeat bone density evaluation as well as routine evaluation of vitamin 
D, renal function and calcium status is prudent for future decision-making.
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Chapter 12
Sodium Disorders, Kidney Disease 
in the Elderly

Amy A. Yau and Juan Carlos Q. Velez

�Introduction to Sodium Disorders

Aging increases the risk of many disease states and impacts organ function. Of 
these, sodium disorders are common in the elderly, and the aged kidney may play a 
role in their development. Hyponatremia is more common than hypernatremia in 
the elderly. Defined as a serum sodium level of less than 135 mmol/L, hyponatremia 
is commonly associated with symptoms of nausea, vomiting, and altered mentation. 
Despite varied age cut-offs in studies to define “elderly,” various epidemiologic 
studies consistently show an increased prevalence of hyponatremia in patients older 
than 50–65 years of age compared to younger populations. Older kidneys possess 
an impaired ability to excrete free water, and older patients may also have underly-
ing comorbidities or medication use which may increase their risk for hyponatre-
mia. The aged kidney also has diluting defects, increasing the risk for hyponatremia, 
especially in settings of high free water intake. Hypernatremia defined by a serum 
sodium level of more than 145 mmol/L is less common, but it tends to develop in 
the elderly and infirmed population due to reduced intake of free water and increased 
free water excretion. The aged kidney acquires concentrating defects, which impair 
its ability to conserve free water, and underlying comorbidities such as dementia or 
neurologic deficits place patients at higher risk for reduced free water intake. Both 
hypernatremia and hyponatremia are associated with increased morbidity and mor-
tality in older patients.
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�Age-Related Physiologic Changes

The aging kidney and hormonal changes prime the elderly to develop sodium disor-
ders. Because of a reduction in glomerular filtration rate (GFR), impaired urinary 
dilution and concentration, and a reduction of total body water, elderly patients are 
primed to be susceptible to hypernatremia and hyponatremia (Fig. 12.1). Older age 
is associated with a reduction of total body water. Total body water is 60% of total 
body weight in 30–40-year-old adults and may decrease to 50% of total body weight 
in 75–80-year-old adults due to a loss of lean muscle mass, which corresponds to a 
21% loss of plasma volume [1]. For example, a 2 kg weight loss can lead to ortho-
static declines in systolic blood pressure in older but not younger patients [2, 3].

This plasma volume loss with aging increases sensitivity to volume changes, 
which can impact vasopressin release and free water retention.

Urinary Concentration and Dilution  The classic teaching is that the range of 
human urine osmolality varies from 50 to 1400 mOsm/L. However, older adults 
have impaired dilution and concentrating defects. After receiving a water load, 
observational studies suggest urine can only be diluted to 92–112.8  mOsm/L in 
older adults while young adults dilute their urine to 52–80.9 mOsm/L [4, 5]. Older 
adults also have impaired concentrating defects which was first noted in the 1930s. 
Various studies show in response to hypertonicity or impaired access to free water 
(i.e., a “dry diet”), patients over 65–75 years of age have lower specific gravity 
compared to younger patients [6, 7]. In response to a “dry diet,” one would expect 
the urine to concentrate to allow for free water retention. However, individuals over 
65 years of age have an average urine specific gravity of 1.025 compared to their 
younger counterparts whose average urine specific gravity appears higher (1.029) in 
response to a “dry diet” [6]. Over the age of 40, concentrating ability declines by 
24%, and a more abrupt reduction occurs after 65 years old [6]. In response to water 
deprivation, one study showed the average urine osmolality in individuals aged 
68 years old was 882 mOsm/kg compared to 1109 mmol/L in younger patients aged 
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33 years old [8]. The impaired dilution predisposes the elderly to hyponatremia, 
whereas impaired concentration predisposes the elderly to hypernatremia.

Kidney Function  The exact mechanisms are unclear, but reduced eGFR may con-
tribute to impaired dilution and concentration in the aged kidney [7, 9]. Reduced 
GFR occurs likely due to loss of 20–25% of renal mass with age [10]. On average, 
the majority of adults will have a reduction in their glomerular filtration rate by 
0.5–1 mL per minute per year after 40 years of age [11]. At 80 years old, there is a 
demonstrated loss of renal mass that corresponds with a reduction in GFR of 25% 
[11, 12]. Combined with a reduction in GFR, there is reduced renal blood flow and 
increased filtration fraction due to loss of cortical nephrons and preservation of 
juxtamedullary nephrons [13, 14]. However studies which looked at the effect of 
vasopressin on medullary blood flow in various kidney pathologies (pyelonephritis, 
hypertensive renal disease, and glomerulonephritis) demonstrated that dilution of 
the medullary interstitium via vasopressin contributes to reduced concentrating 
ability [4, 9, 10].

Role of Vasopressin  Much of the ability to dilute or concentrate the urine relies on 
anti-diuretic hormone (ADH), which is also termed arginine vasopressin (AVP). 
AVP release is stimulated by decreased effective arterial blood volume through 
carotid baroreceptors as well as by hyperosmolality via osmoreceptors in the brain. 
Although it is unclear if basal AVP levels differ with age, there does appear to be a 
difference when attempts are made to stimulate or suppress AVP.  In response to 
hypertonicity, AVP rose 4.5 times the baseline in older men compared to 2.5 times 
the baseline in younger men [5, 15]. The rise in AVP and degree of AVP release 
compared to baseline was faster and higher in older individuals; however, there 
were similar free water clearances, implying a difference in osmoreceptor sensitiv-
ity with age [5, 15]. This difference in osmoreceptor sensitivity may contribute to 
the risk of hyponatremia in the elderly. Despite similar free water clearances, when 
older men were allowed to drink water in response to a hypertonic load, AVP per-
sisted longer than in younger men [5, 15]. However, later studies did not see this 
increased osmoreceptor sensitivity in older adults [5, 16]. Instead, researchers 
observed that older kidneys had concentrating defects as demonstrated by reduced 
medullary tonicity and reduced urine-to-plasma inulin ratio [4, 9, 17]. This concen-
trating defect necessitated higher AVP levels to achieve similar free water clearances.

AVP is also stimulated by hypotension, which may be influenced by age. After 
laying flat for a minimum of 8 h overnight, research subjects were asked to stand for 
8  min. Older patients when standing had lower vasopressin levels compared to 
younger subjects, but norepinephrine levels were similar [18]. Again when the cen-
tral plasma volume was increased by head-out-of-water immersion, older volun-
teers had an earlier and higher increase in atrial natriuretic peptide (ANP) levels 
compared to a young cohort [19]. The suggestion from these two studies is that the 
blunted AVP response seen in elderly patients is either related to a defect in the 
baroreceptor reflex arc or a more pronounced elevation in ANP that inhibits AVP 
release.
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Thirst and Nutrition  AVP is also affected by thirst. Thirst is the body’s main 
defense against hypertonicity and increases once plasma osmolality is above 
290–295 mOsm/kg. Thirst is satiated by the oropharyngeal mechanoreceptors even 
before normalization of the plasma osmolality, resulting in a step-wise reduction in 
plasma osmolality. In seven healthy volunteers with hypernatremia after infusion of 
hypertonic saline, thirst was measured on a scale. Within 5 min of drinking, plasma 
vasopressin and thirst were lower despite no change in plasma osmolality until 
20 min [20, 21]. Elderly patients are thought to have impaired thirst sensation. In a 
survey of elderly individuals over 65 years old compared to middle-aged individu-
als, thirst was assessed with visual analog scales, which is a subjective survey where 
participants report relative tastes and their intensities. Elderly individuals reported 
less thirst and response to thirst [22]. Other studies report a higher baseline tonicity 
in elderly individuals to an average of 293 mOsm/L compared to 288 mOsm/L in 
younger individuals, and changes in perception of thirst may be partially related [5].

Older individuals are also prone to anorexia through loss of appetite and early 
satiety. This can be due to a host of social and physical factors, such as familiarity 
with different foods and products, underlying comorbidities that impact satiety, as 
well as loss of smell, which may impact appetite [23]. Taste and texture may also 
contribute to food interest and satiety. Regardless the etiology, low solute intake can 
predispose elderly patients to hyponatremia as a very low solute intake can impair 
free water excretion.

Natriuresis  Impaired urinary dilution may also be a result of increased natriuresis 
in the elderly. When elderly men and young men were exposed to a very low sodium 
diet, older men required two to three times longer time to reduce urine sodium 
excretion in order to maintain sodium balance [4, 5, 24]. The prolonged time elderly 
men required to achieve sodium balance may be related to low renin levels and 
higher ANP levels. ANP is released by cardiac myocytes in response to stretch or 
increases in plasma volume. ANP inhibits renin, which reduces levels of angioten-
sin II and aldosterone, which are important for sodium reabsorption along the neph-
ron. Older individuals had basal ANP levels five times higher than their younger 
peers, which likely explains the low renin levels seen in the elderly [1]. Older adults 
had lower direct renin concentrations and plasma renin activity [25]. When exposed 
to a low salt diet and measured supine, although levels did increase, they were sig-
nificantly lower compared to the younger cohort [25]. The delayed response may be 
due to the delay in renin disinhibition by elevated ANP levels and places older 
adults at risk for hypovolemic hyponatremia.

Prostaglandins  Changes in renal hemodynamics due to prostaglandins may also 
be important in the development of hyponatremia in the elderly, specifically in rela-
tion to thiazide-induced hyponatremia [26–28]. Through its mechanism of vasodila-
tion of the afferent arteriole, prostaglandins increase RBF, GFR, and filtration 
fraction resulting in a net increase in water and sodium excretion. Prostaglandin E2 
(PGE2) resulted in a net reduction of NKCC2 recycling in the thick ascending limb 
and aquaporin 2 (AQP2) recycling in the collecting duct [26, 27, 29, 30]. The net 
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effect is a diuretic-like effect that leads to less sodium reabsorption and less water 
reabsorption, in other words, a concentrating defect. It is suggested that older indi-
viduals may have less prostaglandin levels than younger individuals, and there is 
some suggestion that elderly women have lower urinary excretion of prostaglandin 
E2 compared to younger women [28].

In individuals with thiazide-induced hyponatremia, when compared to individu-
als on thiazides but who were normonatremic, urine PGE2 and its metabolite were 
much higher [27]. When a genome-wide association study was completed for indi-
viduals with thiazide-induced hyponatremia, there was a high percentage of a gene 
polymorphism which impacts prostaglandin transporters in the distal nephron, and 
these individuals have significantly higher levels of urinary PGE2 and its metabolite 
[27]. Although the mechanism is not completely clear, it does suggest a role of pros-
taglandins in sodium balance, and may be an important factor for thiazide-induced 
hyponatremia, especially in response to a water load.

�Hyponatremia

�Case Presentation

A 73-year-old female with a past medical history of hypertension, hyperlipidemia, 
and history of depression presents to the hospital after a fall at home. She tried to 
get up from the sofa but felt weak, and fell to the floor. After standing up, she felt 
dizzy and lightheaded and decided to come to the hospital. She complained of 
watery diarrhea at least once a day for the past week without associated abdominal 
pain or hematochezia. She denies having fevers or chills. She admits to some nausea 
without vomiting, but poor oral intake. Medications include amlodipine 5 mg once 
a day and citalopram 40 mg once a day.

On evaluation, she has a temperature of 98.2 °F, heart rate of 85 beats per minute, 
and blood pressure of 122/58 mmHg. Her oxygen saturation is 98% on room air. 
Her examination is significant for obesity and dry mucous membranes. She has no 
peripheral edema, and her pulmonary and cardiac exams were otherwise unremark-
able. Her laboratory evaluation on admission revealed serum chemistry significant 
for a sodium level of 103 mEq/L, potassium of 3.4 mEq/L, chloride of 73 mEq/L, 
bicarbonate of 21 mEq/L, blood urea nitrogen of 7 mg/dL and creatinine of 0.52 mg/
dL. Her serum glucose was normal.

�Epidemiology of Hyponatremia

The overall incidence and prevalence of hyponatremia are reported to be anywhere 
from 15% to 53% of hospitalized patients [31–33]. Many epidemiologic studies are 
single-center evaluations with different cut-offs for hyponatremia as well as for age. 
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A thorough review of the literature suggests the incidence of hyponatremia in 
elderly patients can be up to 53%. This is much higher compared to the 6% in non-
geriatric wards [31, 32, 34, 35]. Hyponatremia is 2.4–2.8 times more likely to occur 
in elderly patients compared to younger patients in the hospital [36]. In specific 
study populations, the prevalence of hyponatremia may be higher or lower than in 
the general ward patient. For example, geriatric patients admitted with community-
acquired pneumonia, spontaneous intracranial hemorrhage, and chronic obstructive 
pulmonary disease exacerbation had a prevalence of hyponatremia of 8%, 16%, and 
16% respectively, whereas geriatric patients with cancer had a prevalence of hypo-
natremia of 38% [37–40].

A distinction should be made between patients who are found to have hyponatre-
mia on outpatient laboratory evaluation, patients who present to an acute care facil-
ity with hyponatremia (i.e. community-acquired hyponatremia), and patients who 
develop hyponatremia during their hospitalization (i.e. hospital-acquired hypona-
tremia). This distinction is also important when discussing the mortality associated 
with hyponatremia. In community-dwelling individuals who are otherwise asymp-
tomatic, the incidence of hyponatremia is lower, closer to 7–11% [41–44]. This 
percentage increases significantly in long-term care facilities where it can increase 
up to 22–28% [32, 35, 45].

All degrees of hyponatremia severity are seen in the elderly. In a population of 
patients over 80 years of age, the prevalence of mild, moderate, and severe hypona-
tremia was 16.3%, 23.8%, and 10.2%, respectively [31]. Severe hyponatremia 
defined as levels less than 125  mmol/L was more likely to occur in the elderly 
patient (2–5%) compared to the non-geriatric population (0.3–1%) [32, 46]. Overall, 
there is no consistent trend that the severity of hyponatremia is associated with 
increasing age [47–49].

�Symptoms of Hyponatremia

Many patients with hyponatremia are asymptomatic. Up to 18.9% of patients will 
be asymptomatic, especially if their hyponatremia is mild [33]. Those who are 
symptomatic may complain of vague symptoms (Table 12.1). In two Swiss aca-
demic centers, among patients with an average age of 71  years old and sodium 
levels less than 125 mmol/L, the majority complained of nausea, vomiting, weak-
ness, and fatigue [50]. Other common manifestations included neuromuscular 
symptoms such as confusion, mental “cloudiness,” and gait disturbances [33, 47]. 
Many individuals have symptoms an average of 7–8 days prior to their presentation 
with the most prevalent symptom being nausea and vomiting [51]. As many as 9.4% 
of patients with hyponatremia admitted to having a fall in the previous 14 days prior 
to presentation [51].

The association of risk of falls and fractures to hyponatremia may be due to neu-
romuscular weakness or hypovolemia due to nausea and vomiting. Neuromuscular 
weakness is not related to strength per se versus nerve reaction time. Looking at 
hospitalized patients in a psychiatric ward with mild hyponatremia less than 
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133 mmol/L compared to a normonatremic control group and another control group 
(healthy non-hospitalized individuals), the individuals with hyponatremia in the 
psychiatric ward had a 128.73 ms slower reaction time compared to both control 
groups [52]. Clinically, hospitalized patients with hyponatremia due to syndrome of 
inappropriate antidiuresis (SIAD) had a significant improvement in their Timed Up 
and Go test by around 2.5 s when normonatremia was achieved, and nerve conduc-
tion velocities increased by 14.3% [53]. The delayed nerve response in the setting 
of hyponatremia likely contributes to the fall risk. Cross-sectional observational 
studies show in a population of over 75 years of age, the fall prevalence was 27.9% 
with an increased odds ratio of 3.02 [54] For every 5 mmol/L drop in serum sodium, 
the risk of falling increased by 32% [55]. Of a population of patients with hypona-
tremia, fractures were reported in 4% of the study population [50]. In a retrospective 
database in Taiwan, those patients on a thiazide who developed hyponatremia had a 
higher fracture rate compared to individuals on a thiazide without hyponatremia at 
3 years [56]. The majority of these individuals were over 60 years of age, and the 
risk of fracture included increased risk of vertebral as well as hip fractures [56]. The 
risk of fractures beyond the initial fall may be due to intrinsic weakness of the bones 
due to leakage of sodium. Cell studies from rats indicate prolonged hyponatremia, 
not hypo-osmolality, increases osteoclastogenesis, and impacts gene expression 
which are responsible for osteoclast growth, differentiation, and migration [57, 58]. 
Bones are a reservoir for total body sodium accounting for up to 40% of total body 
sodium stores, which is exchangeable with circulating sodium, and prolonged 
sodium leak from bone may contribute to osteopenia or osteoporosis [59].

�Morbidity Associated with Hyponatremia

Hyponatremia is associated with increased length of hospital stay and greater risk 
of hospital readmission. In a prospective observational review of all hospitalized 
patients with hyponatremia, the mean increase in length of stay was an average of 
1.9 days [33]. In cancer patients, the length of stay increased from an average of 8.2 
to 17.6 days in the setting of hyponatremia [40]. More severe hyponatremia had 
longer lengths of stay compared to mild hyponatremia [40]. In heart failure patients, 
the length of stay increased by an average of 3 days in hyponatremic patients [49]. 

Table 12.1  Symptoms of hyponatremia

Confusion, altered mental status
Coma
Seizures
Irritability
Nausea, vomiting
Gait unsteadiness
Headache
Weakness
Fatigue
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The increase in length may be related to the type, degree, and management of hypo-
natremia. Older patients had later treatment of their hyponatremia during their hos-
pitalization (9.8 days vs. 1 day) and slower correction rates compared to younger 
patients [33, 60]. In fact 19–51% of patients with hyponatremia during hospitaliza-
tion were discharged with persistent hyponatremia [60–63]. Regarding readmission 
risk, up to 56.2% of individuals who presented to the emergency department with 
hyponatremia were readmitted at least once within the following 12 months [44]. 
Forty-three percent of these patients had recurrent hyponatremia [44]. Hyponatremia 
less than 130 mmol/L was associated with an increased readmission rate at 3 and 
12 months (34.2% and 51.8%, respectively) with mortality as high as 17.4%, spe-
cifically in the hypovolemic hyponatremic cohort [51]. Increased length of stay and 
readmission risk may have further downstream effects of deconditioning, and weak-
ness, and may further affect mental health which adversely affects the overall health 
of the geriatric population.

The risk of short- and long-term mortality is also increased in patients with hypo-
natremia. Patients over 65 years old have a nearly twofold increased relative risk of 
death (4.34 compared to 2.14) compared to younger patients and an increased odds 
ratio of 1.43 for death at 1 year [44, 61, 64]. When comparing mortality risk to 
younger patients, a large prospective observational study found younger patients 
had increased mortality compared to older patients with hyponatremia less than 
130 mmol/L, but both elderly and younger individuals had increased risk of death 
[64]. In patients with SIAD, elderly patients had increased mortality compared to 
younger patients; however, the relative risk of death was higher in younger patients 
(4.34 vs. 2.14) [61, 64]. Even in patients who may have competing comorbidities 
for death, such as those with cancer and end-stage renal disease, patients with hypo-
natremia had increased mortality compared to normonatremic peers. Cancer patients 
with hyponatremia less than 130 mmol/L were at 4.28 times more risk of death [65]. 
Another study found an increased risk of mortality at 90 days for cancer patients 
with hyponatremia with a hazard ratio of 2.04–4.74 depending on the severity of 
hyponatremia [66]. Patients on peritoneal dialysis with hyponatremia and peritoni-
tis had increased in-hospital mortality compared to their normonatremic peers [67]. 
Hyponatremia was an independent predictor of in-hospital mortality in this 
cohort [67].

This mortality risk of hyponatremia may be related more to underlying disease 
states, either acute or chronic, rather than due to the hyponatremia itself. Mortality 
risk of hyponatremia in patients on peritoneal dialysis with peritonitis correlated to 
low serum albumin levels and low serum phosphorus levels, suggesting a baseline 
malnourished state [67]. Indeed, hospitalized patients with hyponatremia and heart 
failure had lower serum albumin levels and higher morbidity and mortality rates 
[49]. In patients with malignancy, many patients with hyponatremia and SIAD had 
high mortality if their hyponatremia was related to malignancy or infection com-
pared to other causes with a survival [63, 68]. Patients with SIAD due to malignancy 
had an overall survival of 6.1% compared to 34.5% in patients with cancer and non-
malignancy-associated SIAD [63]. Although some studies note an increased risk of 
death with metastatic disease, others do not [40, 63].
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Because of the relationship of hyponatremia to underlying disease states, there is 
no strong data that the resolution of hyponatremia impacts overall morbidity and 
mortality. Prospective studies looking at the impact of hyponatremia resolution on 
neurocognitive and neuromuscular outcomes showed that hyponatremic patients 
were indeed lower scoring on neurocognitive tests but after 14 days of treatment all 
symptoms there was an improvement in gait analysis of those with moderate chronic 
hyponatremia despite significant changes in neuromuscular function, but this may 
be due to prolonged bed rest and deconditioning while hospitalized [69]. On aver-
age, these patients were 60.8 years old with an increase in Na by 4.7 mmol/L and 
average Na of 128.8 mmol/L. Resolution of hyponatremia did improve activities of 
daily living (ADL) and the Mini-Mental State Examination (MMSE) mental assess-
ment tool specifically patients with euvolemic hyponatremia with an increase in 
serum sodium by 5 mmol/L [70]. But, it is possible that fixing hyponatremia may 
help reduce fracture risk in elderly patients through osteoblast function [71]. In 
patients with neurologic abnormalities, specifically aneurysmal subarachnoid hem-
orrhage, hyponatremia was not correlated with poor neurologic outcome or change 
in mortality [72, 73]. In patients admitted with hyponatremia in the setting of spon-
taneous intracerebral hemorrhage, correction of hyponatremia apparently had no 
effect on mortality [38]. When looking at subtypes of hyponatremia and mortality 
as differentiated by volume, hypervolemic hyponatremia has the highest relative 
risk of mortality presumed due to the comorbidities which lend themselves to 
hypervolemia, such as heart failure and liver disease [49, 61]. In heart failure 
patients, the use of tolvaptan to assist with diuresis did improve hyponatremia, but 
did not have an all-cause mortality benefit [74, 75]. However when patients with 
heart failure and reduced ejection fraction with more significant hyponatremia 
below 130 mmol/dL, use of tolvaptan did have a small but significant reduction of 
cardiovascular mortality and hospitalizations (HR 0.6) [76].

But conflicting data in patients with malignancy suggest that hyponatremia may 
be a modifiable risk factor. Cancer patients with SIAD not associated with their 
malignancy were more likely to achieve normal serum sodium levels and showed 
lower mortality [63]. Normalizing sodium did seem to improve survival in patients 
with small cell and non-small cell lung cancer but it is unclear if this is related to the 
resolution of their malignancy or not. In certain populations, achieving normal 
serum sodium levels may help to improve quality of life through reduced hospital-
izations regardless if they are symptomatic or not.

�Causes of Hyponatremia

The causes of hyponatremia in the elderly are the same as in the general population, 
and evaluation should proceed similarly. Classically hyponatremia causes are orga-
nized based on volume status, but a newer approach recommends evaluating for the 
presence of inappropriate AVP activity to help evaluate causes [77]. Elderly patients 
in particular may be prone to low solute hyponatremia as discussed earlier, which 
can impair free water excretion.
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Of the various causes of hyponatremia, the majority of causes are euvolemic, 
specifically due to the syndrome of inappropriate anti-diuretic hormone (ADH). 
Different epidemiologic studies point to the prevalence of SIAD as a cause of hypo-
natremia to be 25.5–50% [33, 47, 50, 51, 61, 70]. SIAD may be due to a variety of 
causes including respiratory infections, neurologic disease, and/or tumors 
(Table  12.2). In a retrospective review of patients over 80  years old, SIAD was 
related mostly to respiratory causes, followed by malignancy, and neurologic com-
plications [31]. Another series revealed that tumor-related SIAD was mostly attrib-
uted to small cell lung cancer (11–15%) and head-eye-ear-nose-throat (3%) 
malignancies unrelated to metastasis including metastasis to the lung and/or brain 
[63, 78]. SIAD is a diagnosis of exclusion, and endocrinopathy should be ruled out. 
Pituitary disorders lead to hyponatremia through multiple mechanisms including a 
reduction in plasma volume, elevated ADH levels due to reduced cortisol-mediated 
AVP inhibition, or increased aquaporin 2 upregulation in cortisol deficiency [79–81]. 
In studies evaluating idiopathic SIAD in the elderly, only 29% of patients had adre-
nal function testing completed and were admitted 1–4 times before their hypopitu-
itarism was diagnosed. In 80.7% of patients with hypopituitarism, hyponatremia 
was the key to their diagnosis, and hypopituitary-related hyponatremia was more 
often seen in elderly patients over 60 years old than young patients [82, 83].

Table 12.2  Major causes of syndrome of inappropriate antidiuresis (SIAD)

Nausea
Pain
Cancer
 �� Lung
 �� Head and neck
 �� Gastrointestinal, genitourinary, thymoma, lymphomas, sarcomas
Pulmonary
 �� Cancer
 �� Pneumonia
 �� Empyema
 �� Bronchiectasis
 �� Cavitary lesions
Central nervous system
 �� Meningitis, encephalitis
 �� Intracranial bleeding
 �� Cerebrovascular accident
 �� Spinal disorders
Drugs
 �� Selective serotonin reuptake inhibitors (SSRI)
 �� Tricyclic antidepressants
 �� Carbamazepine, oxcarbazepine
 �� Vincristine
 �� Antipsychotic medications
 �� Cyclophosphamide
 �� Non-steroidal anti-inflammatory drugs (NSAIDs)
Hereditary gain of function mutation of V2 receptor
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However, in the elderly, the majority of cases of hyponatremia are multifactorial. 
Anywhere from 33% to 62% of cases of hyponatremia in the elderly are multifacto-
rial, and severe hyponatremia is more likely to be multifactorial [33, 47, 51]. In a 
population of patients over 65 years old with hyponatremia, the severity of hypona-
tremia shows strong correlation with the number and severity of comorbidities [49, 
84]. A common comorbidity among elderly patients with hyponatremia is hyperten-
sion [33, 43, 50, 60, 85, 86]. It is not clear if this is related to the use of antihyper-
tensive therapy, specifically thiazides, or another mechanism. Polypharmacy is also 
a risk factor for hyponatremia. A review of a database of elderly patients over 
65 years old found that hyponatremia in the community setting is associated with 
increased drug consumption (sevenfold higher with six or more chronic drugs), and 
use of antidepressants, diuretics, renin angiotensin aldosterone system (RAAS) 
inhibitors, antiarrhythmics, and antibiotics [41, 85]. Higher diuretic doses of furo-
semide, spironolactone, and thiazides have all been associated with increased rates 
of hyponatremia [87, 88]. Looking at thiazide-induced hyponatremia specifically, 
the majority of patients are over 50 years old [89]. Elderly patients on a thiazide are 
almost four times more likely to develop hyponatremia compared to patients 
younger than 70 years old [47, 88].

�Diagnostic Evaluation and Management of Hyponatremia

The evaluation and management of hyponatremia in the aged adult is similar to that 
in the general population [77, 90]. A thorough history and physical examination 
should include an evaluation of the onset of symptoms, new medications or dose 
changes, and volume status. Laboratory assessment should include urine studies 
and serum studies to assess for possible pseudohyponatremia related to hyperglyce-
mia or hypertriglyceridemia. Urine electrolytes (Fig. 12.2) can help to determine the 
degree to which AVP is contributing to free water retention and aldosterone to 
sodium retention and this should be utilized to determine the urine changes are 
appropriate based on the patient’s history and examination. Twenty-four hour urine 
collections to assess osmolar excretion may be helpful to identify cases of low sol-
ute intake-induced hyponatremia.

Regardless of the etiology of hyponatremia, if patients have significant symp-
toms of hyponatremia including seizure, altered mental status that compromises the 
airway or poses a danger to the patient, they should be treated with hypertonic saline 
to increase the serum sodium by 4–6 mmol/L. After the patient is stabilized, acute 
hyponatremia can be increased by a rate of 8–12 mmol/L in a 24-h period, whereas 
chronic hyponatremia should be increased by a slower rate, closer to 8 mmol/L in a 
24-h period. The recommended rates of correction exist to reduce the risk of osmotic 
demyelination. In patients with serum sodium of 120 mEq/dL or higher, the risk of 
osmotic demyelination is lower, so re-lowering of sodium levels which are cor-
rected quicker than desired is not necessary [90]. The risk of osmotic demyelination 
is highest in individuals with a serum sodium concentration less than or equal to 
105 mEq/L, hypokalemia, alcoholism, malnutrition, and advanced liver disease.
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Confirm hypotonic hyponatremia

Acute or severe symptoms consider management with hypertonic saline 

Assess urine osmolality/specific gravity

> 200 mOsm/kg
(AVP dependent)

< 100 mOsm/kg 
(AVP independent)
• Primary 

polydipsia

Assess urine sodium

< 20 mmol/L
(Low effective arterial 
blood volume)

> 20 mmol/L

Assess volume

Hypervolemic
• Heart failure
• Liver cirrhosis
• Nephrotic syndrome
• Renal failure

Hypovolemic
• Extrarenal volume loss 

(Gastrointestinal, burns)
• Natriuretic use (remote)

Normovolemic
• SIAD
• Secondary adrenal 

insufficiency

Hypovolemic
• Primary adrenal insufficiency
• Renal salt wasting
• Natriuretic use (ongoing)

Assess volume

Hypervolemic
• Renal failure

100 -199 mOsm/kg
• Aging and chronic kidney 

disease can impact 
urinary dilution, but still 
be AVP independent

• Low solute
• Tea/toast
• Beer potomania

Fig. 12.2  Evaluation and causes of hyponatremia

Management should focus on ways to reduce free water intake and enhance free 
water excretion. Patients who have excessive free water intake such as in the case of 
primary polydipsia should be encouraged to reduce their intake, and other patients 
should be encouraged to reduce their intake to a manageable level. Free water clear-
ance can be estimated by the Fürst eq. (Eq. 12.1). A value less than 0.5 indicates 
fluid restriction may be helpful if restricted to 1000 mL per day. A value of 0.5–1.0 
indicates fluid restriction may be helpful if restricted to 500 mL per day. If the value 
is more than 1.0, then fluid restriction is unlikely to be beneficial, and other thera-
pies should be considered

	
Urine to Plasma Electrolyte Ratio

Urine Na Urine K

Serum N
=

[ ]+ [ ]
aa[ ] 	

(12.1)

In the setting of hyponatremia, urine osmolality should be low, defined as less 
than 100 mOsm/L, which indicates a lack of AVP activity. Typical causes include 
low solute, tea and toast hyponatremia, and beer potomania. The introduction of 
solute by way of protein supplementation, salt tablets, or urea can help allow free 
water loss.

In instances of hyponatremia where urine osmolality is elevated, this indicates 
AVP activity is high. In the setting of hypovolemia, this response is appropriate, and 
management would be volume resuscitation with isotonic intravenous fluids or oral 
rehydration salts and other means for blood pressure support with vasopressors and 
alpha agonists. In patients who are hypervolemic on an exam, AVP is responding to 
a low effective arterial blood volume, and diuretics are utilized to help with free 
water loss. There is some interest in stimulating osmotic diuresis in hypervolemic 
patients through the use of SGLT2 inhibitors or possibly urea or salt tablets; 
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however, in hypervolemic patients, salt tablets may lead to further fluid retention. 
Others recommend the use of vaptans in the setting of hypervolemic hyponatremia 
to stimulate aquaresis [69, 91, 92].

When urine osmolality is elevated in the setting of hyponatremia without urinary 
sodium retention, endocrinopathies and occult diuretics should be evaluated and if 
these issues are ruled out then SIAD should be considered. Causes of SIAD should 
be addressed (Table 12.2) in conjunction with attempts to enhance free water excre-
tion. Although excessive free water intake should be limited, a more strict free water 
restriction may be no better than a placebo and difficult to maintain outside of the 
hospital [93]. Protein supplements, urea, and salt tablets help to generate solute 
diuresis, which contributes to free water loss. Low-dose diuretics and vaptans can 
also be utilized to reduce free water retention depending on the degree of AVP activ-
ity [92]. The use of vaptans in severe hyponatremia should be used cautiously to 
avoid over-correction, especially in cases of SIAD with higher AVP activity (i.e., 
higher urine osmolalities). In patients with impaired access to free water or impaired 
mobility or cognition, vaptans should be avoided unless under close monitoring.

In the outpatient setting, patients started on diuretics, specifically, thiazides, 
should have frequent electrolyte checks, especially on higher doses. The incidence 
of hydrochlorothiazide-induced hyponatremia was 10% for patients on a 12.5 mg 
daily dose compared to 44% for patients on a 50 mg daily dose [94]. Alternative 
thiazide agents such as indapamide may have lower rates of hyponatremia [95, 96]. 
In patients on multiple medications of which an antidepressant or anxiolytic is to be 
started, one could consider initiation of buproprion rather than a selective serotonin 
reuptake inhibitor (SSRI) or serotonin-norepinephrine reuptake inhibitor (SNRI) 
[97]. Patients should be advised to drink to thirst and not encouraged to push exces-
sive fluid intake [98]. Although many claim older individuals have impaired thirst 
mechanisms, there is no age-related difference between thirst and increasing plasma 
osmolality [5]. In the hospitalized setting, avoid administering hypotonic fluids and 
act on changes in sodium earlier and more aggressively during their hospitalization 
[60, 97].

�Case Follow Up

Our patient’s clinical presentation is typical of patients who present with hyponatre-
mia. She complains of nausea and weakness associated with falls. Further history 
reveals that a few months ago, her citalopram dosage was increased from 20 to 
40  mg once a day due to persistent depressive symptoms. On evaluation, using 
Fig. 12.2 as a guide, her serum osmolality was 218 mOsm/kg, confirming hypotonic 
hyponatremia. Although she is symptomatic, she can provide a thorough history 
with no evidence of seizure-like activity, so hypertonic saline can be forgone. Urine 
studies were obtained significantly for a random urine osmolality of 503 mmol/kg. 
As we discussed, the range of normal urine osmolality can decrease with age due to 
a host of factors (Fig. 12.1), but her urine osmolality above 200 mOsm/kg is indica-
tive of an AVP-dependent process. Her random urine sodium of 52 mEq/L confirms 
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that despite a desire to retain free water, her kidneys are not retaining sodium. Her 
examination demonstrates dry mucous membranes, which could indicate hypovole-
mia; however, physical exam findings are not very sensitive or specific for volume 
measurements. Meanwhile, her vital signs are stable, and when checking orthostatic 
vitals, her vitals are stable. She has no evidence of hypervolemia on exam.

On arrival at the hospital, after urine and blood samples were obtained, she was 
given 1 L of normal saline with stable serum and urine values. Further evaluation 
with a random cortisol level of 21 μg/dL effectively ruled out adrenal insufficiency. 
She is not on any diuretics, and knowing by history that her citalopram dose was 
increased, she was diagnosed with SIAD due to SSRI. Because there was no signifi-
cant impact on her depressive symptoms with citalopram, she was discontinued off 
the medication. Management of her hyponatremia during her hospitalization 
included free water restriction, and potassium supplementation to normalize her 
serum potassium, and urea.

�Hypernatremia

�Case Presentation

A 70-year-old male with a past medical history of dementia and hypertension is 
admitted with sepsis from pneumonia. He lives in an assisted care facility, and the 
nurse aide states he has had a productive cough for the past 2 days. His temperature 
at the facility today was 100.4 °F. Due to weakness, poor oral intake, and worsening 
mentation, he was brought to the hospital for evaluation and management. The 
nurse aide states he is usually able to dress and feed himself with minor assistance, 
but he has been unable to do so today. He admits to feeling weak and ill, but he is 
not able to provide much history.

On examination, he had dry mucous membranes and skin tenting. He was mini-
mally interactive with the exam without any peripheral edema. His serum sodium 
was 158 mEq/L, and his serum creatinine was 1.8 mg/dL. His serum glucose was 
normal. His serum creatinine was 1.1 mg/dL a month ago on a routine check. Chest 
X-ray was significant for a left lower lobe opacity. He was not started on any addi-
tional fluids, but given intravenous antibiotics and a dose of solu-medrol. His urine 
output over his first hospital day was 600 mL.

�Epidemiology of Hypernatremia

The overall incidence and prevalence of hypernatremia are much lower than hypo-
natremia. Community-associated hypernatremia occurred in 0.2–0.4% whereas 
hospital-acquired hyponatremia occurred in 0.6–1% of hospitalized patients [99, 
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100]. Most concerning is the high incidence of hospital-acquired hypernatremia 
(82.5%) compared to incident hypernatremia (17.5%) in a cohort of patients with 
hypernatremia more than 150 mmol/L [99]. When restricted to an intensive care 
unit (ICU) population, 2% of patients had hypernatremia upon arrival to the unit, 
but 7% developed hypernatremia during their intensive care unit stay [101]. In nurs-
ing home residents, the incidence of community-associated hypernatremia rose to 
more than 30–60% [1, 99].

�Symptoms of Hypernatremia

Patients with mild hypernatremia may present with altered mental status and com-
plain of thirst. Severe hypernatremia is associated with seizures and coma. In a 
systematic review of patients with acute hypernatremia with a mean sodium of 
180  mmol/L, 44% had seizures and 39% were comatose on presentation [102]. 
Hypernatremia is associated with intraventricular brain hemorrhage, specifically in 
low birth weight and premature infants with sodium levels more than 150 mmol/L, 
but this association has not been well defined in adults [103–105]. Hypernatremia 
may also impact cardiac contractility negatively and increase peripheral insulin 
resistance which may further contribute to the mortality risk seen in hypernatremia 
[101, 106, 107].

�Morbidity Associated with Hypernatremia

The mortality of patients with hypernatremia is more than 40% and is higher in 
geriatric patients compared to non-geriatric patients [108]. In a prospective cohort 
study of 103 patients with hypernatremia of more than 150 mmol/L, /dL, overall 
mortality was 41%, but hypernatremia was determined to be the underlying cause of 
death in only 16% [99]. This led the authors to conclude that it is not the hyperna-
tremia per se that is leading to death, but it may be a symptom of the patient’s 
underlying health condition and medical comorbidities [99]. Hypernatremia appears 
to increase mortality by 40% and length of stay by 38% in an ICU population [109, 
110]. Hospital-acquired hypernatremia is associated with a higher mortality rate of 
52% compared to community-acquired hypernatremia of 29% and increased length 
of stay (5 days compared to 3 days) [99, 100]. Among patients with community-
acquired hypernatremia, patients more than 65 years old had a higher mortality rate 
(64%) compared to their younger peers (47.3%) despite similar sodium levels on 
admission [108].
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�Causes of Hypernatremia

The causes of hypernatremia are related to reduced free water intake due to infir-
mary or altered mentation and/or increased free water excretion either from insen-
sible volume losses, urinary losses related to water or solute diuresis, or 
gastrointestinal free water losses (Table 12.3) [100, 111, 112]. Medications can lead 
to urinary free water loss through the development of central or nephrogenic diabe-
tes insipidus or through the result of increased free water loss through use of 
diuretics.

The key is that despite urinary or gastrointestinal free water loss, if a patient has 
ability to take in free water, hypernatremia will not develop. It is important to note 
that 86% of patients with hypernatremia during hospital stays lacked access to free 
water, and 46.1% of nursing home residents admitted with hypernatremia had 
Alzheimer’s disease [99, 108]. Other risk factors for hypernatremia on admission 
included females, age over 85 years old (odds ratio 2.2), having four or more chronic 
conditions (odds ratio 4.0), or being bedridden (odds ratio 2.9) [113].

Table 12.3  Causes of hypernatremia

Decreased water intake
 �� Infirmary
 �� Dementia
 �� Altered mental status
Increased water losses with decreased water intake
 �� Fever
 �� Diarrhea
 �� Burns
 �� Central diabetes insipidus
 �� Nephrogenic diabetes insipidus
 ��   – Demeclocycline
 ��   – Amphotericin B
 ��   – Lithium
 ��   – Cisplatin
 ��   – Urinary obstruction
 ��   – Hypercalcemia
 ��   – Hypokalemia
 ��   – Acute tubular necrosis (ATN)
Loop diuretics
Solute diuresis
 �� – Elevated BUN
 �� – Steroid administration due to elevated urea
 �� – Parenteral or enteral protein feeding
 �� – Recovery of ATN
 �� – Mannitol administration
 �� – Hyperglycemia
Excessive sodium intake
 �� Massive oral sodium intake
 �� Hypertonic solution administration
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Other causes of hypernatremia can be related to high salt intake through saline 
administration or salt ingestion/poisoning, and these patients are typically hypervol-
emic [100, 102]. A review of ICU patients with hypernatremia showed that almost 
all patients with hospital-acquired hypervolemic hyponatremia had evidence of 
edema or weight gain of more than 9 kg average attributed to saline administration, 
free water losses through solute diuresis due to urea, and post-acute tubular necrosis 
diuresis [114].

�Evaluation and Management of Hypernatremia

Hypernatremia is due to impaired free water intake and may be exacerbated by renal 
and extrarenal water losses. Urine studies are important in the evaluation of hyper-
natremia (Fig. 12.3). In the setting of hypernatremia, a urine osmolality of less than 
250 mOsm/kg is consistent with a water diuresis. Dilute urine is inappropriate in the 
setting of hypernatremia and confirms the diagnosis of diabetes insipidus. Work up 
to determine the completeness and type of diabetes insipidus includes the use of 
water deprivation or copeptin testing [115, 116]. In the setting of hypernatremia, 
urine osmolality more than plasma osmolality indicates the kidney’s desire to pre-
serve free water. Ergo, the main driver of hypernatremia is either due to impaired 
free water intake or extrarenal water losses. The ratio of electrolytes to free water in 
the urine can be calculated by the electrolyte-free water clearance (Eq. 12.2).

	

Electrolyte Free Water Clearance Urine Volume L

Urine Na

= ( )×

−1
[[ ]− [ ]



















Urine K

Serum Sodium
	

(12.2)

A negative electrolyte-free water clearance confirms extrarenal water loss as a 
main contributor to hypernatremia. A positive electrolyte-free water clearance con-
firms renal water losses, but depending on the total urine output, this may or may 
not be a significant driver of hypernatremia. Renal water losses can be due to a 

1. Salt Loading
Input [Na + K] – Output [Na + K] > 0 

• Hypertonic saline
• 1:1 bicarbonate drip, multiple 

ampules of bicarbonate 
administration

• Acute salt poisoning (sea water 
drowning, intentional 
ingestions)

• Vomiting
• Diarrhea
• Sweating
• Respiratory Losses

2. Extrarenal Water Losses
(Negative Electrolyte Free Water Clearance)

3. Renal Water Losses
(Positive Electrolyte Free Water Clearance)

Impaired Free Water Ingestion/Intake may be in combination with one or more of the following

Water Diuresis
(Typically with urine osmolality 
< 250 mOsm/dL and polyuria) 
• Diabetes insipidus 

(nephrogenic and central)
• Loop diuretic use
• Impaired concentration 

from acute kidney injury or 
chronic kidney disease

• Recovery phase of acute 
tubular necrosis

Osmotic/Solute Diuresis
(Typically with urine osmolality 
> 250 mOsm/dL and polyuria) 
• Azotemia

• Acquired from 
exogenous protein 
intake

• Urea therapy
• Drug use (ie

steroids)
• Glucosuria

Fig. 12.3  Causes of hypernatremia
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water diuresis, as described earlier, or a solute diuresis. Solute diuresis can be con-
firmed by calculating excreted osmoles by multiplying urine volume by urine osmo-
lality. Given that the average adult daily solute intake is 800–900 mOsm per day, an 
osmolar excretion of more than that suggests solute diuresis. Hyperglycemia, azote-
mia, and high protein tube feeds can all lead to solute diuresis [116].

Patients with solute diuresis may also have a water diuresis that is being masked. 
This can be elucidated by monitoring urine osmolality relative to serum sodium in 
the setting of hypotonic fluid administration. If at any point of therapy, the urine 
osmolality decreases to less than 250  mOsm/kg in the setting of yet unresolved 
hypernatremia, this can indicate the addition of an underlying partial diabetes 
insipidus.

Management includes the administration of free water and the reduction of free 
water losses. For patients with renal water losses due to solute diuresis, removing or 
reducing the offending solute can help. The current free water deficit (Eq. 12.3) can 
be calculated along with an estimation of ongoing free water losses in order to 
improve hypernatremia. Ongoing free water losses include insensible volume losses 
from respiration, and sweat, as well as electrolyte-free water clearance (Eq. 12.2)
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For example, in the hypervolemic hypernatremic patient requiring diuresis, the 
amount of free water given should include the current deficit along with the urinary 
water clearance. In the hypovolemic patient, it would be reasonable to forgo free 
water administration for isotonic saline for resuscitation, then once hemodynami-
cally stable, proceed with free water administration. In the acutely seizing or 
severely altered patient, a rapid reduction of serum sodium until asymptomatic is 
advised with boluses of free water.

Initiating free water repletion based on current and ongoing water losses helps to 
ensure that the hypernatremia will improve with therapy. In a retrospective study of 
patients admitted with hypernatremia, by hospital day three, 42% had worse or no 
change in their sodium level, only 32% of patients normalized their sodium levels, 
and patients with no sodium improvement had a significantly higher risk of death 
(HR 3.12) [117]. The persistent hypernatremia may be the culprit to the high mor-
tality and morbidity seen in hypernatremic patients. Slow correction rate (less than 
0.20–0.25 mmol/L per hour) was associated with increased mortality, and prolonged 
hypernatremia can lead to cell shrinkage [117, 118]. In patients where sodium levels 
were normalized after 1, 2, 3, or 3+ days, encephalopathy ratios were highest for 
those who corrected after 72  h (45.5%) compared to correction less than 48  h 
(6.9–8.8%) [108]. As described above, hypernatremia even mild (average 
150 mmol/L) is a negative inotrope [106]. Empiric antibiotics may be considered 
given the association with sepsis and high mortality associated with hypernatremia 
and sepsis compared to normonatremia and sepsis [111].
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A more acute reduction in sodium can be employed to reduce serum sodium by 
6–8 mmol/L in the first few hours [112, 119]. In a systematic review of case reports 
of hyperacute hypernatremia of less than 12 h duration, treatment began within 12 h 
of onset with a mean max correction rate of 7.6 mmol/L per in patients who lived 
compared to a mean correction rate of 4.9  mmol/L per hour in patients who 
died [102].

For chronic hypernatremia, there is no recommended correction rate or guide-
line. Some studies advise a slow correction rate of no more than 0.5–1.0 mmol/L per 
hour with a maximum change in 24 h less than 10 mmol/L. However, this rate was 
suggested due to the risk of cerebral edema with resolution of hypertonicity, specifi-
cally in children admitted with diabetic ketoacidosis [120]. Most of the data con-
cerning cerebral edema and seizures with hypernatremia correction come from 
pediatrics and infants [121–123]. Newer data supports the lack of side effects to 
include neurologic effects when the serum sodium is adjusted by a rate of correction 
of more than 12 mmol/L per day despite a higher peak serum sodium level [124, 
125]. Slow correction may be considered in patients with cerebral dehydration seen 
on imaging, existing cerebral edema, and those with an alternative osmotic agent 
which is also being addressed (i.e., high blood urea nitrogen, hyperglycemia).

�Case Follow Up

Our patient is at high risk for developing hypernatremia. He has baseline dementia 
and lives in an assisted living facility. Now in the setting of his acute illness, his 
inability to communicate well and eat and drink on his own can lead to hypernatre-
mia. It is unclear whether he has impaired thirst mechanism, but it is clear he has 
impaired intake of free water due to his hypernatremia on presentation. His current 
free water deficit, using a weight of 70 kg and total body water in an elderly indi-
vidual of 50% of weight, is 2.9 L.

Again, hypernatremia can occur either due to salt loading or renal water loss or 
extrarenal water loss. There is no evidence of salt loading in this case. Insensible 
volume losses through respiration, sweat, and stool total on average around 800 mL 
per day in a normal human. In a patient with a fever, the insensible volume losses 
may be higher than on average. To estimate renal water loss, urine studies are neces-
sary. His urine studies revealed urine osmolality of 520 mOsm/kg, urine sodium of 
18 mEq/dL, and urine potassium of 10 mEq/dL without glucosuria. His urine osmo-
lality is elevated above his serum osmolality, thus confirming there is not a pure 
water diuresis (i.e., diabetes insipidus). His electrolyte-free water clearance is 
569 mL, indicating he has only 569 mL of water loss. Plus the lack of polyuria is 
consistent with the lack of water or solute diuresis.

Knowing that his free water deficit is 2.9  L, the main driver of this patient’s 
hypernatremia is impaired free water intake, as ingestion of around 1.4 L a day of 
water would have prevented the development of hypernatremia in this patient.
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�Conclusion

Sodium disorders are common in the elderly and arise from dilution and concentrat-
ing defects which may be age-related or related to underlying comorbidities or 
medications. The incidence of hyponatremia is more common in the elderly com-
pared to young adults, and hypernatremia is quite common in the elderly. Herein, 
we attempt to summarize how these physiologic changes (Table 12.4) lead to the 
development of hyponatremia and hypernatremia in the elderly, which are exacer-
bated in the setting of a water load, water deprivation, and solute intake. Evaluation 
of the etiology of dysnatremia depends on the assessment of urine constituents, if 
their response is appropriate or inappropriate in the clinical setting. Management of 
dysnatremias will depend on the presence of symptoms, chronicity of sodium disor-
der, and underlying precipitant.

Table 12.4  Urine concentration and dilution in the elderly and implications in susceptibility to 
dysnatremias

Theoretical framework of aging-induced reduction in diluting capacity of the kidneys, the 
influence of solute intake in water-handling, and the risk for hyponatremia
Maximal dilution capacity:
U Osm 50 mOsm/kg

Normal daily 
osmolar intake
10 mOsm/kg 
(65 kg) = 650 mOsm

Maximum 
urine volume: 
(650) (1 L)/
(50) = 13 L

Maximum water intake 
before development of 
hyponatremia = 13 L

Aging-induced impairment 
in maximal dilution
U Osm 150 mOsm/kg

Normal daily 
osmolar intake
10 mOsm/kg 
(70 kg) = 650 mOsm

Maximum 
urine volume: 
(650) (1 L)/
(150) = 4.3 L

Maximum water intake 
before development of 
hyponatremia = 4.3 L

Aging-induced impairment 
in maximal dilution
U Osm 150 mOsm/kg

Fall in daily osmolar 
intake by half
5 mOsm/kg 
(65 kg) = 325 mOsm

Maximum 
urine volume: 
(325) (1 L)/
(150) = 2.17 L

Maximum water intake 
before development of 
hyponatremia = 2.17 L

E.g.: If an elderly individual keeps a daily water intake of 2.8 L per day, an excess of 0.63 L of 
water will be retained each day. Some of it may be eliminated through insensible losses. 
Nevertheless, this impaired water-handling physiology makes elderly individuals more 
vulnerable to hyponatremia in response to any additional insult (e.g., hypovolemia, SIAD, etc.). 
Impairment in diluting capacity due to aging can be exacerbated by concomitant reduction in 
kidney function (nephron mass)
Theoretical framework of aging-induced reduction in concentrating capacity of the kidneys and 
the associated risk for hypernatremia
Maximal concentrating 
capacity:
U Osm 1300 mOsm/kg

Normal daily 
osmolar intake
10 mOsm/kg 
(65 kg) = 650 mOsm

Minimum urine 
volume: (650) 
(1 L)/
(1300) = 0.5 L

Obligatory renal volume 
loss in the context of 
dehydration = 0.5 L

Aging-induced impairment 
in maximal concentration
U Osm 650 mOsm/kg

Normal daily 
osmolar intake
10 mOsm/kg 
(65 kg) = 650 mOsm

Minimum urine 
volume: (650) 
(1 L)/
(650) = 1.0 L

Obligatory renal volume 
loss in the context of 
dehydration = 1.0 L

E.g.: If an elderly individual becomes dehydrated, the renal response to retain water is 
suboptimal. This impaired water-handling physiology makes elderly individuals more 
vulnerable to hypernatremia if they have limited access to water intake. Impairment in 
concentrating capacity due to aging can be exacerbated by concomitant reduction in kidney 
function (nephron mass)
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Chapter 13
Acute Kidney Injury in Older Adults

Matteo Floris, Antonello Pani, and Mitchell H. Rosner

Take Home Points
•	 Advanced age is associated with increased AKI risk.
•	 Molecular, cellular, structural, and functional changes associated with aging may 

contribute to kidney injury.
•	 The most common causes of AKI in older adults include postrenal obstructive 

disease, ischemic ATN, and hemodynamically-mediated AKI.
•	 The kidney insult is often multifactorial.
•	 Diagnostic and therapeutic issues in AKI for older patients are comparable to 

those observed in the general population.
•	 Once established, AKI is associated with a higher risk of CKD, kidney failure, 

and mortality.
•	 Due to the increased risk for frailty with advancing age, treatment strategies for 

AKI should be individualized and include shared decision-making.
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�Introduction

The number of patients in the hospital including the intensive care unit (ICU) who 
are aged 65 years and older is rising [1–3]. Older adults show a heightened risk for 
the development of acute kidney injury (AKI) as defined by the KDIGO stages 1–3 
[4, 5]. The development of AKI in ICU and hospitalized patients is associated with 
increased mortality, increased days in the ICU, increased ventilator days, higher 
costs, and long-term morbidity and mortality [6–10]. Avoiding AKI is likely to 
improve outcomes. Despite the critical need to prevent AKI and associated morbid-
ity, clinical trials have failed to discover effective pharmacological therapies for 
AKI [3]. Thus, prevention of AKI remains one of the most effective strategies that 
could improve outcomes. In order to prevent AKI, it is important to understand the 
risk factors (both intrinsic and extrinsic to the patients), predisposing factors, and 
specific settings in which AKI may occur. Knowing these factors, patients can be 
monitored, and preventive strategies can be developed, studied, and implemented to 
decrease AKI incidence and improve outcomes, especially for the most vulnerable 
patients.

�Case Report

An 86-year-old female with moderate to severe dementia who resides in a nursing 
home is brought to the emergency department with worsening confusion and a fever 
of 38.9  °C.  She has a history of hypertension, stage 3a chronic kidney disease 
(CKD) (estimated glomerular filtration rate (eGFR) of 49  mL/min/1.73  m2) and 
urinary retention. On admission, her blood pressure was initially 83/40 mmHg, her 
pulse was 124 per minute and irregular and she was arousable only to painful stim-
uli. Respiratory rate was 28 per minute and oxygen saturation on room air was 82%. 
Physical examination was notable for bibasilar rales and peripheral edema. 
Laboratory work was notable for a serum sodium of 132  meq/L, potassium of 
5.8 meq/L, bicarbonate of 14 meq/L, and creatinine of 4.8 mg/dL. White blood cell 
count was 23,000/mm3. The patient was administered intravenous fluids and broad-
spectrum antibiotics but despite this, her condition deteriorated leading to respira-
tory failure requiring mechanical ventilation and the need for vasopressor agents to 
support her blood pressure. On hospital day 2, her urine output fell to <10 mL/h and 
a discussion was started regarding the need for kidney replacement therapy with 
continuous modalities. The nephrology team met with the patient’s family to explain 
AKI, its potential treatment with KRT and its prognosis. The family expressed con-
cerns about the patient’s limited functional ability prior to this hospital admission. 
After a discussion between the nephrologist and the patient’s family, the decision 
was made to treat the AKI without KRT and to move toward comfort care mea-
sures only.
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�Epidemiology: Older ICU Patients 
and the Development of AKI

Older patients (>age 65 years) represent the largest segment of patients admitted to 
the ICU and 55% of all American ICU bed-days are occupied by this group of 
patients [11]. In a multicenter study of 120,123 adult ICU admissions of more than 
24  h duration, Australian New Zealand Intensive Care Society Adult Patient 
(ANCIZS) database researchers determined that 13% were aged >80 years and that 
the admission rate for this age group increased by 5.6% per year during the period 
between 2000 and 2005 [12]. In a more recent study, patients aged >65 years repre-
sented 45.7% of ICU admissions and these patients had a higher prevalence of heart 
failure (25.9–40.3%), cardiac arrhythmia (24.6–43.5%), and valvular heart disease 
(7.5–15.8%) [13]. Interestingly, among the very old (>85  years old), one study 
found that ICU admissions actually fell as compared to younger groups, suggesting 
that some of the oldest patients may opt for less aggressive care [14]. Choosing 
more conservative routes is not surprising given the reported ICU mortality exceed-
ing 80% among hospitalized adults aged >85 years [15]. The factors independently 
associated with a higher rate of mortality include the acute physiology and chronic 
health evaluation (APACHE) II score, the need for mechanical ventilation (MV), or 
inotropic support, and the presence of coronary artery disease (CAD) or chronic 
kidney disease (CKD). Despite numerous studies, uncertainty remains whether ICU 
admission in this population confers any short- or long-term benefit to patients.

Almost one in four older adults in the ICU will develop AKI and a substantial 
number of these AKI cases will be severe [16]. A prospective multicenter study on 
29,269 critically ill patients with a median age of 67 years, determined that 5.7% of 
the patients developed severe AKI [4]. Moreover, in a prospective cohort study on 
risk factors and outcomes of AKI in the ICU as evaluated by the sequential organ 
failure assessment (SOFA) score, 24.7% of 1411 patients developed AKI.  The 
median age was significantly higher in the AKI group, and age >65 years was an 
independent risk factor for the development of AKI [5]. In a longitudinal cohort 
analysis of 381 critically ill octogenarians, 40% of patients admitted after 1996 
developed AKI, as compared to 4% of this age group in the time period before 1978 
[17]. Differences in AKI by time period could be attributed to increased awareness 
and better diagnosis but higher numbers of co-morbidities such as obesity and dia-
betes could also be operative. In their recent study comparing the RIFLE and AKIN 
classifications, Joannidis et al. analyzed 16,784 patients during the initial 48 h of 
their ICU stay and determined that the incidence of AKI ranged from 28.5% to 
35.5%. The mean age of the patients was 63 years, with 25% aged >75 years [18]. 
An analysis showed that the incidence of AKI increases stepwise from 24.9 
(75–79 years) to 34.2 (80–84 years) to 46.9 episodes (85 years and older) per 1000 
patient-years, respectively [19]. In a more recent study among older men in China, 
there was a high rate of AKI in patients admitted to the ICU (39.0%) [6]. The median 
age was 87 years and the 28-day mortality rate was 25.7%. The AKI etiologies were 
infections (39.6%), hypovolemia (23.8%), cardiovascular events (15.9%), 
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nephrotoxicity (12.0%), and surgery (7.1%). Multiple organ dysfunction syndrome 
(46.4%) and pulmonary infection (22.5%) were the principal causes of death. Not 
surprisingly, more severe AKI stages (stage 2: hazard ratio (HR) = 3.709; 95% CI 
1.926–7.141; P <0.001 and stage 3: HR = 5.660; 95% CI 2.990–10.717; P <0.001) 
were independent risk factors for 28-day mortality. Identification of risk factors 
might lead to more intensive monitoring and opportunities for early preven-
tion of AKI.

Recently, a study reported that 46% of COVID-19 adult patients hospitalized in 
in a New York City health system had AKI, and the median age of patients with AKI 
was significantly higher than those without non-AKI (71 vs. 63 years, P <0.001) 
[20]. Thus, the data consistently show a rising incidence of AKI with aging and 
significant AKI-associated complications and mortality.

�Factors Contributing to AKI

As part of the aging process, the kidney undergoes age-dependent structural and 
functional alterations: a significant decrease in kidney mass, functioning nephron 
numbers, and baseline kidney function (Fig. 13.1) [21]. In a study of autopsy sam-
ples, a decline in kidney weight was noted in 19% of men and 9% in women aged 
70–79 years compared with men and women aged 20–29 years, respectively [22]. 
The loss of kidney mass with aging is primarily cortical, with relative sparing of the 
medulla [23]. These autopsy data have been confirmed in a large population study 

ACUTE KIDNEY
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-Diabetes mellitus
-Heart Failure
-Surgery
-Prostate disease
-Sepsis

Nephrotoxin Exposure
-ACE inhibitors
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Age-related functional changes
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-Increased risk of CKD

Molecular changes associated 
with aging
-Increased ROS
-Decreased Klotho
-Advanced glycosylation end-
products
-Cellular senescence

Fig. 13.1  Factors associated with development of AKI in the older patient. Older adults are pre-
disposed to AKI due to convergence of factors such as intrinsic functional, structural, and molecu-
lar cellular changes associated with aging, increased number of comorbidities, and increased 
likelihood of nephrotoxin exposure. ACE (angiotensin-converting enzyme), NSAIDs (non-
steroidal anti-inflammatory drugs), ROS (reactive oxygen species), GFR (glomerular filtration 
rate), CKD (chronic kidney disease)
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which included 3097 Sardinian individuals, 12.9% of whom were older than 
70 years [24]. Among the healthy adults, kidney volume and length increased up to 
the fifth decade of life and then progressively decreased in men; in women, the 
decrease in kidney size is slower and less pronounced [24]. Independent predictors 
of lower kidney volume (<2.5 percentile for age and sex) include male sex, low 
body mass index, short height, reduced waist/hip ratio, and high serum creatinine 
levels (SCr) [24]. The incidence of sclerotic glomeruli rises with advancing age, 
increasing from less than 5% of the total glomeruli at the age of 40 years to 10–30% 
by the eighth decade of life [25, 26]. With kidney senescence, there is a variable 
decrease in glomerular filtration rate (GFR). However, the rate of decline varies 
according to measurement criteria, gender, race, genetic influence, and, most impor-
tantly, the presence of interacting medical conditions that can impact kidney func-
tion [27–29]. Classic studies demonstrated a highly significant reduction in 
creatinine clearance (CrCl) with age. Beginning at age 34 years and accelerating 
after age 65 years, CrCl decreased by approximately 1 mL/min per 1.73 m2 per year 
after age 50 years [28, 29]. However, a decline in kidney function with aging is 
neither predictable nor an inevitable consequence of aging because 35% of older 
adults showed a stable CrCl over a 20-year period [29].

Effective renal blood flow (RBF) decreases up to 10% per decade of life [30]. 
Research has demonstrated that the increase in RBF in older individuals in response 
to provocative maneuvers such as amino acid infusion, was markedly impaired, 
with a higher renal vascular resistance [31]. The rise in renal vascular resistance 
may in part be related to reduced nitric oxide production in older individuals. Thus, 
GFR may be preserved to some extent through an increased filtration fraction and 
renal vasoconstriction. Renal sympathetic-mediated vasoconstriction appears to be 
exaggerated in the aging kidney while the response to vasodilatory mediators, such 
as atrial natriuretic peptide and prostacyclin, is poor [31, 32]. Furthermore, the 
aging renal vasculature appears to exhibit exaggerated angiotensin-II-mediated 
vasoconstriction [31, 32]. These changes may lead to a loss in functional reserve, a 
key measure that allows the kidney to adapt to stress and prevent AKI.

Changes in renal hemodynamics could potentiate the risk for developing 
AKI. For example, in combination with dehydration, a disturbance in autoregula-
tory defense mechanisms that would normally preserve GFR and RBF (such as 
increased renal vascular resistance) can lead to ischemia and AKI due to drastic falls 
in RBF in the older kidney [33]. In fact, changes in tubular sodium handling with 
aging result in impairment of urine concentrating ability and increase the risk of 
volume depletion in older individuals [34]. In states of stress, this impairment may 
lead to more rapid decreases in organ perfusion and a greater propensity for pre-
renal AKI.

The exact role of these molecular changes that result in the structural and func-
tional changes in the aging kidney remains speculative and these pathways are 
attractive targets for therapies to prevent AKI or hasten repair after injury. Some of 
the molecular changes in the aging kidney that have been identified include: 
decreases in the anti-aging protein Klotho [35] in the tubular epithelium, activation 
of the Wnt/ β-Catenin pathway that may mediate the progression of CKD after AKI 
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[36], greater activation of the complement cascade [37] and increased production of 
damaging reactive oxygen species [38]. More studies on the exact role of these 
pathways regarding the risk of developing AKI are needed.

In addition to the structural and molecular changes that occur with aging, patients 
are more susceptible to AKI as they age due to the accumulation of comorbid condi-
tions such as prostatic disease with the risk of obstructive AKI, diabetes mellitus, 
systolic or diastolic heart failure and the presence of underlying CKD and impaired 
kidney function [39]. Along with comorbidities comes the risk of polypharmacy and 
drug-induced AKI. Lean body mass decreases in older individuals with respect to 
adipose tissue, causing alterations in the volume of distribution [40]. Water-soluble 
drugs, such as aminoglycosides, therefore attain higher blood concentrations [40]. 
A decreased GFR often goes unnoticed when clinicians are focused on only looking 
at serum creatinine values, which in older individuals may result in an overestimate 
of the GFR and, ultimately, overdosage of potentially nephrotoxic medications. An 
example of the overlapping pathway to AKI that can be seen in older individuals is 
nephrotoxicity due to non-steroidal anti-inflammatory drugs (NSAIDs) where the 
higher predisposition of older patients for volume depletion can interact with the 
inhibition of renal vasodilatory prostaglandins, which exacerbates the imbalance 
between vasoconstrictors and vasodilators leading to AKI [41]. All of these factors 
may increase the risk of AKI when patients are exposed to kidney stresses such as 
radiocontrast agents, surgery, or sepsis (occurrences that are more common with 
aging) [40].

Finally, repair of kidney injury may also be impaired in the aging kidney leading 
to delay in resolution of AKI and more severe injury. A recent systematic review and 
meta-analysis of recovery of kidney function after AKI in older individuals has 
shown that recovery after AKI is approximately 28% less likely to occur when the 
patient is older than 65 years [42]. Whether these results are caused by the effects of 
advanced age on the kidney itself or the increased number of comorbidities (includ-
ing baseline CKD) in older individuals is not certain. Long-term recovery is also 
less likely and it is believed that AKI in older individuals more often results in CKD 
[42]. The lower likelihood of kidney recovery in older individuals may be due to the 
effects of aging to impair the capacity for kidney repair [42]. The capacity for renal 
epithelial cell proliferation declines with aging as does the function of progenitor 
and stem cells that are critical for tubular repair [42]. The burst of cellular prolifera-
tion usually seen in response to acute damage seems to decline with age [42]. 
Moreover, basal rates of cellular apoptosis increase with age, both under baseline 
conditions as well as in response to injury. Changes in potential progenitor and 
immune cell functions are also seen [42]. Growth factors play a critical role in regu-
lating cellular proliferation, migration, and apoptosis, and their expression is upreg-
ulated in response to injury. The expression of many of these growth factors 
decreases with aging, and their respective receptor transduction pathways are often 
downregulated [43]. In aggregate, healing may be impaired which may significantly 
alter the course of AKI leading to more prolonged episodes and incomplete healing.
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�Causes of AKI

Acute kidney injury in older individuals shares the same causes that afflict the gen-
eral population, with some differences in terms of incidence, presentation and evo-
lution. Since the number of kidney biopsies performed in older patients is low, 
information about the causes of kidney dysfunction is often obtained from clinical 
reports [44]. These data show that AKI occurring in older adults is often multifacto-
rial with a predominance of iatrogenic insults, which are often drug-related, and 
obstructive injuries occurring in patients with greater kidney frailty compared to 
younger counterparts [44]. In a recent analysis involving 480 patients hospitalized 
for severe AKI in a tertiary center and stratified into three age groups (<65 y/o; 
65–75 y/o and >75 y/o), a higher burden of comorbidities and AKI risk was noted 
in patients aged 75+ years. In this group, AKI was due to obstruction in 23%, sepsis 
in 20%, and hypovolemia in 20% [45]. On the other hand, some studies suggest that 
a high proportion of prerenal and ischemic causes account for at least half of the 
AKI episodes in older patients [46]. Once established, AKI in older individuals is 
associated with a worse prognosis, including poor recovery after kidney replace-
ment therapy (KRT) initiation, prolonged hospitalization, increased CKD, and pro-
gression to kidney failure [47].

�Prerenal AKI

Prerenal AKI is estimated to make up a significant proportion of AKI cases [48] and 
is mainly responsible for decreased kidney perfusion that may exert dangerous 
effects in older individuals due to stimulation of sympathetic nervous system-
mediated vasoconstriction, thus ultimately reducing renal blood flow. The causes of 
kidney hypoperfusion include reduced cardiac output (acute and chronic cardiore-
nal syndromes), reduced effective circulating volume (sepsis, cirrhosis, and 
nephrotic syndrome), and hypovolemic issues (blood loss and dehydration). Older 
adults have an increased risk of dehydration due to decreased thirst response, 
reduced kidney function, and a higher burden of medications such as diuretics and 
laxatives or drugs that may decrease appetite or level of consciousness [7]. The 
increased risk of developing intense and prolonged febrile illnesses, which is par-
ticularly important during the SARS-Cov-2 pandemic, may increase the clinical 
impact of dehydration on kidney function [20, 49]. A considerable number of prer-
enal AKI cases may be completely or partially reversed with appropriate fluid 
replacement. However, a higher percentage of older patients progress to acute tubu-
lar necrosis (ATN) and show slower recovery compared to younger subjects, espe-
cially in cases of severe and prolonged insults [50]. The diagnosis of prerenal AKI 
is often complicated by the poor reliability of clinical signs of dehydration. 
Furthermore, the urinary indices, such as the fractional excretion of sodium, that are 
traditionally used to discriminate between prerenal and renal AKI, may better reflect 
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both alterations of tubular sodium handling and the effects of diuretic treatments 
than the degree of the kidney insult itself. For these reasons, short-term administra-
tion of intravenous fluids is often the first clinical choice following careful evalua-
tion of diuresis and changes in laboratory parameters. Foley catheter placement is 
warranted due to the higher percentage of urinary incontinence and the need to 
periodically evaluate urine output.

�Renal AKI

Ischemic AKI, when prolonged, can lead to acute tubular necrosis and may occur in 
a wide range of settings. Some etiologies for ischemic AKI are more common in 
older versus younger adults and are highlighted below.

�Renovascular Diseases

Due to the burden of severe atherosclerotic disease, older adults have a high risk of 
AKI related to acute obstruction of the renal vasculature. Other than advanced age, 
risk factors for renal vasculature obstruction include smoking, male sex, diabetes, 
hypercholesterolemia, and hypertension [51]. A cause of AKI in older adults is ath-
eroembolic disease, a severe and systemic condition caused by dislodged choles-
terol plaques from a major artery and the dissemination of micro-emboli throughout 
the vascular bed [51]. These emboli can lead to an inflammatory response that con-
tributes to vascular injury and AKI [51]. This condition mainly occurs after invasive 
arterial procedures, although spontaneous occurrence has been reported, especially 
in at-risk patients [52].

�Hemodynamically-Mediated AKI

Older patients are at increased risk for hemodynamically-mediated AKI due to the 
combination of hypoperfusion of the kidneys and administration of drugs that may 
reduce intraglomerular pressure. Particularly, NSAIDs may reduce the activity of 
vasodilatory prostaglandin on the afferent artery, while angiotensin-converting 
enzyme inhibitors (ACEis) and angiotensin II Receptor Blockers (ARBs) predomi-
nantly decrease the angiotensin II-mediated resistance of the efferent artery. 
According to a large population study among patients older than 65 years of age, 
NSAID administration increases the risk of developing AKI by about 40% and 
hyperkalemia by 50% [53]. In this population, NSAID use accounts for 25% of all 
AKI causes as compared to 15% among the general population [54]. Besides old 
age, well-known risk factors include atherosclerotic disease, pre-existing CKD, and 
renal hypoperfusion [55]. Due to their well-known effects on hypertension and pro-
teinuria, renin-angiotensin system (RAS) blockers are frequently prescribed to 

M. Floris et al.



247

patients with CKD, thus slowing CKD progression [56]. However, when adminis-
tered together with NSAIDs, RAS blockers carry significant risk of AKI, especially 
in the presence of dehydration and/or sepsis [56]. In older adults with CKD, admin-
istering RAS blockers almost doubles the risk of AKI, which may occur in up to 
42% of patients [57, 58]. Of note, many ACEis are cleared by the kidney and can 
accumulate in the setting of low GFR, thus inducing more severe RAS inhibition 
that may contribute to acute declines in kidney function, especially in the presence 
of other conditions such as dehydration and/or renovascular diseases [59].

�Acute Tubular Necrosis

Acute tubular necrosis is likely the most frequent cause of AKI in older adults, with 
a prevalence ranging between 25% and 87% depending on the study population 
[60]. The insults leading to this condition are mainly ischemic, but can also be due 
to drug or contrast media exposure or pigment-induced (nephrotoxic ATN). Ischemic 
ATN in older individuals often occurs as a consequence of cardiac surgery (aortic 
aneurysm repair, bypass surgery), and involves multiple mechanisms including 
hemodynamic and inflammatory factors such as ischemia-reperfusion injury and 
oxidative stress, microembolization (associated or not with cardio-pulmonary 
bypass) and neurohormonal activation that can exert greater damage on frail kid-
neys [61]. These mechanisms may act synergistically, often in association with 
toxic exposure. Older adults are more prone to develop systemic infections that can 
lead to sepsis and multiorgan failure. At least half of older adults with sepsis develop 
AKI [62–64].

Drug toxicity represents one of the leading causes of ATN in older individuals. 
Commonly involved drugs include antibiotics (particularly aminoglycosides, van-
comycin, and piperacillin/tazobactam), immunosuppressive agents (cyclosporine 
and tacrolimus), contrast medium and antineoplastic drugs. The most common risk 
factors, besides advanced age, include CKD and other pre-existing chronic medical 
conditions, hypoperfusion status, and polypharmacy [65].

Older adults are susceptible to developing AKI after iodinated contrast adminis-
tration. This entity, named contrast-associated nephropathy (CAN), has been called 
into question but seems to be most prevalent in high-risk patients exposed to large 
volumes of iodinated contrast in the setting of hemodynamic instability [66]. Risk 
factors for CAN include: advanced age, undergoing percutaneous coronary inter-
vention, baseline eGFR below 60 mL/min, left ventricular ejection fraction less than 
45%, and poorly controlled diabetes [67]. Prevention strategies include administer-
ing periprocedural fluids and, when possible, reducing the impact of concomitant 
risk factors such as anemia, dehydration/hypotension, and high-dose contrast 
medium administration.

Older patients may develop rhabdomyolysis and consequent myoglobin-induced 
ATN due to falls, other trauma and/or immobilization (more than half of AKI 
causes), sepsis, and seizures, often in the context of cerebrovascular accidents, elec-
trolyte disorders and hyperosmolar states [68].
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�Acute Interstitial Nephritis

Acute interstitial nephritis (AIN) is an important cause of AKI in older individuals. 
Compared to younger individuals, older patients have a significantly higher risk of 
developing drug-induced AIN mainly due to penicillin and omeprazole administra-
tion, although a number of substances including herbal remedies may be involved. 
Autoimmune or systemic causes of AIN are less common in comparison to the 
occurrence in younger patients (7% vs. 27%) [69]. Proton pump inhibitor-related 
AIN exerts less severe but more prolonged kidney damage compared to AIN caused 
by other drugs. Once established, AIN among older adults tends to be more severe 
and more often leads to KRT initiation compared to younger patients regardless of 
the cause; nevertheless, more than 85% of older patients show partial or complete 
recovery within 6 months after AIN diagnosis [69]. Prompt initiation of corticoste-
roid therapy is positively associated with quick and sustained recovery of kidney 
function in many cases.

�Glomerulonephritis

Older adults have an increased incidence of glomerulonephritis with a rate of 30.8 
per million population (pmp) compared to the general population (25.7 pmp). 
Clinicians should consider presence of glomerulonephritis when patients have uri-
nary abnormalities (particularly microhematuria and inflammatory urinary casts 
along with proteinuria) and GFR reduction higher than expected based on age 
(around 1.7 mL/min per year in the absence of severe comorbidities) [70]. Rapidly 
progressive glomerulonephritis, often associated with ANCA-associated vasculitis 
(AAV) (particularly granulomatosis with polyangiitis (GPA) and microscopic poly-
angiitis) is more common among older adults In patients aged ≥80 years undergo-
ing renal biopsy for rapidly progressive glomerulonephritis, AAV is the histological 
diagnosis in 19% of cases overall and in 33% when RPGN is the indication for 
histological evaluation [71]. Although advanced age is often associated with poor 
kidney survival and increased risk of adverse events, the percentage of older patients 
who show response to therapy is similar to the percentage of younger patients. 
Initiation of immunosuppressive (corticosteroids and cyclophosphamide or ritux-
imab) therapy is associated with a fivefold higher relative risk of death compared to 
the younger population. Nevertheless, it was also associated with a 73% reduction 
in ESKD risk and a 67% reduction in death risk compared to a control group of 
untreated patients [72]. In order to provide adequate treatment while preventing the 
risk of excessive immunosuppression, careful dosing and monitoring of immuno-
suppressive agents in consultation with a pharmacist is strongly advised [73].
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�Post-renal AKI

Post-renal causes account for 9% of AKI in patients aged over 70 years old and 
depend on extrinsic or intrinsic obstruction that may occur in any part of the urinary 
tract [74]. Prostate enlargement secondary to benign hypertrophy or carcinoma is 
the primary cause of urinary tract obstruction in males, while the second is urethral 
strictures that may occur secondary to trauma, infection and after treatment for 
prostate cancer. Up to 8.4% of patients undergoing either radical prostatectomy or 
non-surgical therapy for prostate cancer develop urethral strictures [75]. The most 
common post-renal AKI in females is ureteral obstruction caused by pelvic malig-
nancy, usually invasive carcinoma of the cervix or ovarian neoplasms. 
Ultrasonography at the time of admission is part of the diagnostic work-up in any 
AKI case and is especially relevant in older individuals for whom urinary catheter-
ization is warranted. Clinically relevant obstruction is associated with hydronephro-
sis in 95% of cases [76]. False-negative ultrasonography may be observed in patients 
with retroperitoneal fibrosis and in cases of severe volume depletion and early 
obstruction [77].

�Laboratory Evaluation

Prompt diagnosis of AKI is crucial in order to limit the progression of the insult and 
the related clinical consequences. Although numerous biomarkers have been devel-
oped and tested over the years, the diagnosis of AKI still relies on serum creatinine 
and urine output according to KDIGO guidelines. The criteria of increasing serum 
creatinine and decreasing urine output do not differ by age group, although age is 
one of the variables that most significantly confounds the association of serum cre-
atinine with true GFR, which makes the detection of AKI in older adults challeng-
ing [78].

To address the low sensitivity for detecting AKI, especially in older adults, ongo-
ing research continues to focus on the identification of new biomarkers for early 
AKI risk and prognosis. Currently, the most important biomarkers are neutrophil 
gelatinase-associated lipocalin (NGAL), kidney injury molecule 1 (KIM-1), inter-
leukin 18 (IL-18), cystatin C and the product of urinary tissue inhibitor metallopro-
teinase 2 (TIMP-2), and insulin-like growth factor binding protein 7 (IGFBP7). 
Although none of these biomarkers are recommended for clinical use, these bio-
markers may be most useful in older adults. Urinary NGAL showed diagnostic 
power for AKI in patients with sepsis and advanced age [79], while cystatin C 
detects reduced GFR in older adults and appears to be a strong predictor of death 
and cardiovascular events in this population [80]. Urinary TIMP-2 and IGFBP7 
(either alone or combined) are able to predict the need for KRT and 30-day mortal-
ity after elective cardiac surgery [81]. However, although the new biomarkers show 
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some diagnostic utility for AKI, no biomarker has been adopted for widespread 
assessment.

Once AKI is diagnosed, the laboratory evaluation follows the diagnostic classifi-
cation that is aided by a careful history and physical examination as well as a review 
of recent clinical events and potential nephrotoxin exposure (prerenal, renal, and 
post-renal causes). Urinary sediment analysis is of particular importance since it 
facilitates the differential diagnosis between prerenal and renal AKI causes. In fact, 
urinary sediment in patients affected by prerenal AKI is usually bland or contains 
some hyaline casts. However, in ATN renal tubular epithelial (RTE) cells and RTE 
cell casts are frequent, as are granular casts or mixed cellular casts [82]. Furthermore, 
when combined with urinalysis or urine dipstick, urinary sediment analysis may 
provide information about the renal compartment involved. Urinary acanthocytes 
and red blood cell casts, along with albuminuria are indicative of glomerular injury, 
while culture-negative leukocyturia with RTE cells, white blood cell casts and gran-
ular casts may point to acute or chronic tubulointerstitial disease [83]. Since the 
incidence of kidney biopsy complications does not differ with regard to age groups, 
prompt histological evaluation, unless clinically contraindicated, should be offered 
to all patients in whom AKI diagnosis is not clear.

�Recovery of Kidney Function and Prognosis of AKI 
in Older Adults

�CKD and ESRD After AKI in Older Adults

Acute kidney injury is no longer considered a completely reversible condition and 
with the exception of prerenal AKI, the repair process after AKI is often incomplete. 
As a consequence, the functional outcome after acute AKI may range from a sub-
clinical condition, characterized by reduced kidney function reserve, to CKD that 
may be progressive [84–86]. The recovery of kidney function after AKI in older 
individuals is substantially impaired and estimated to be approximately 28% less 
likely to occur when patients are older than 65 years of age [87], while the risk of 
developing CKD can be up to 20 times higher compared to younger patients [88]. 
These effects may depend on intrinsic characteristics of the aged kidney (see 
Fig. 13.1), and on the substantial burden of comorbidities in an older population. 
Little is known about the effects of management of age-related comorbidities in 
hampering the incidence of reduced kidney recovery from AKI in older populations 
[89]. Given the risk of CKD after AKI, it is recommended that close follow-up by a 
nephrologist should be part of any follow-up plan for these patients.
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�Mortality After AKI in Older Patients

Acute kidney injury in older patients is associated with increased short- and long-
term mortality. Short-term mortality, defined as the time between the onset of AKI 
and 90  days from diagnosis, ranges from 20% to 45% depending on the cohort 
analyzed [48]; in fact, compared to community-acquired AKI, hospital-acquired 
AKI is characterized by higher mortality [90]. Furthermore, the worst outcomes 
have been observed when renal AKI occurs, compared to prerenal [90] and when 
oliguria or anuria is present [91–94].

The mortality of patients with AKI in the ICU has been variously reported 
between 31% and 80% reflective of differences in age definition, treatment intensity 
and characteristics, severity of diseases, and length of follow-up [39]. Although 
some studies report that advanced age is an independent risk factor for death in 
older patients, other reports did not find this association. Conversely, these studies 
identified mortality risk that was related to higher KDIGO AKI stage, the presence 
of multi-organ dysfunction, and patient frailty.

Long-term mortality, defined as death occurring after 3 months from AKI diag-
nosis, has been evaluated in a few studies in older patients. One study from Brazil 
reported that up to 66% of older patients with AKI requiring dialysis die within 
12 months [95]. A retrospective study on older patients requiring continuous kidney 
replacement therapy (CKRT) showed that age above 75 years was associated with 
increased short- and long-term mortality [96]. It is important to note that these 
observational studies may be confounded by the multiple interacting co-morbidities 
found in older patients.

�Quality of Life After AKI in Older Patients

Health-related Quality of life (HRQoL) is rarely evaluated in older patients after 
AKI.  The Prolonged Outcomes Study of the Randomized Evaluation of Normal 
versus Augmented Level Replacement Therapy (POST-RENAL) study highlighted 
that AKI survivors (median follow-up of 3.5 years) have lower physical and mental 
components of HRQoL compared with the general population. Statistically signifi-
cant variables for low HRQoL after AKI episodes were advanced age and poor 
kidney function at follow-up [62]. In other reports, the impact of age in driving 
worse HRQoL outcomes in older patients is less clear, while the overall burden of 
comorbidities seems to be more significant [97, 98].
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�Prevention of AKI in the Older Patient

Unfortunately, many risk factors for AKI in older patients are not modifiable. 
Besides advanced age, AKI risk factors include male sex as well as presence of 
multiple chronic conditions such as heart failure, diabetes, hypertension, obesity 
and CKD. As a consequence, the first step toward preventing AKI is to assess the 
individual risk of developing this condition. Numerous risk assessment models have 
been developed and validated in multiple clinical settings when the timing of pri-
mary insult is known (i.e., surgery, percutaneous coronary interventions, and con-
trast medium administration). These models usually include the most important 
clinical variables in a logistic regression model which determines the total AKI risk. 
Estimating the AKI risk before a procedure that could cause kidney injury may 
provide substantial advantages. First, estimating AKI risk would allow clinicians to 
apply all available strategies to minimize the risk of the procedure (i.e., early appli-
cation of KDIGO bundle for AKI prevention that includes maximizing kidney per-
fusion and minimizing nephrotoxin exposure). The KDIGO bundle includes the 
following elements: discontinuation of nephrotoxic agents when possible, ensuring 
volume status and perfusion pressure, employing hemodynamic monitoring when 
feasible, close monitoring of serum creatinine and urine output, avoidance of hyper-
glycemia, considering alternatives to radiocontrast studies and ensuring appropriate 
drug dosing in the setting of AKI. Second, knowing the risk of AKI could improve 
informed consent acquisition by giving patients more information prior to the inter-
vention. Lastly, it might be used to assess quality improvement programs by analyz-
ing the difference between real versus expected AKI events secondary to a known 
exposure [99–101].

The main elements in any prevention strategy include maintaining appropriate 
kidney perfusion pressure and avoiding or limiting the administration of any known 
nephrotoxic substance [46]. Regarding patients in the ICU, available guidelines 
suggest preserving kidney hemodynamics by prompt resuscitation of the circulation 
to ensure adequate hydration, using vasopressors to maintain adequate blood pres-
sure, and administering saline infusion before and after contrast media 
administration.

In older adults at risk for AKI, careful treatment review is warranted and should 
be focused on limiting the action of drugs that may impair renal hemodynamics, 
such as RAS blockers, diuretics, and laxatives. When possible, nephrotoxic drug 
levels must be measured in order to prevent overdosage (Table 13.1).

�Treatment of AKI in Older Patients

The general principles of AKI treatment in the older patients are the same as those 
applied to the general population. Since older patients may show increased vulner-
ability to uremic complications as well as reduced tolerance to fluid overload, early 
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Table 13.1  Prevention strategies

Limitation of loss of function of aged kidney
• Blood pressure control, promotion of healthy lifestyle (diet and exercise), control of weight, 
glucose, and lipids
• RAASi, SGLT2i, vitamin D replacement therapy
Prevention of AKI
Avoidance of nephrotoxin-mediated AKI
• Identification of potential nephrotoxic agents, high risk patients and clinical settings
• Avoidance of exposure to multiple nephrotoxins
• Use of lowest dose and for shortest time possible
• Frequent monitoring of drug dose and renal function
• Pharmacovigilance
Maintain adequate renal perfusion
• Avoid agents that impair renal blood flow autoregulation (NSAIDs, RAASi)
• Maintain euvolemia (crystalloids)
Minimization of nosocomial infection

Use of computer surveillance systems
• Identify high-risk patients and medications
• Application of risk prevention bundles
• Determine the correct dose for GFR
Special conditions
Rhabdomyolysis
• Intravenous hydration/urine alkalinization
Contrast media exposure
• Intravenous hydration (normal saline)
• Vitamin C
• Iso-osmolar contrast
Tumor lysis syndrome
• Allopurinol/rasburicase
• Intravenous hydration/urine alkalinization
Aminoglycoside antibiotics
• Once-daily dose
• Monitoring of drug levels
Methotrexate
• Intravenous hydration/urine alkalinization
Acyclovir
• Intravenous hydration

RAASi (renin angiotensin aldosterone system inhibitors); SGLT2i (sodium-glucose cotransporter 
2 inhibitors); AKI (acute kidney injury); NSAIDs (non-steroidal anti-inflammatory drugs); GFR 
(glomerular filtration rate)

interventions may be considered in order to minimize treatment-related complica-
tions. Furthermore, it is critical to carefully dose medications, to avoid further neph-
rotoxic exposure, to maintain hemodynamic stability in order to provide adequate 
kidney perfusion, and to guarantee appropriate nutritional support. In order to pro-
vide all of these elements, prolonged intermittent renal replacement therapy (PIRRT) 
or CRRT may offer substantial advantages compared to intermitted RRT [102]. 
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There are no studies specifically in older patients that compare outcomes of various 
KRT modalities and thus these decisions should be individualized.

�Ethical Perspectives

Clinicians are often faced with difficult decisions regarding the provision of aggres-
sive care for patients with advanced age and critical illness. For nephrologists, this 
generally means the provision of some form of KRT for patients with KDIGO stage 
3 AKI. A recent review on mortality in patients with advanced age in the ICU con-
cluded that, after adjustment for disease severity, mortality rates are higher in older 
patients than in younger populations [103]. However, their long-term prognosis 
depends mostly on functional status, not on initial disease severity [103, 104]. In 
fact, a prospective study of previously healthy older patients in the ICU documented 
a high mortality rate which increased with age and was mostly related to pre-morbid 
quality of life [105]. Clearly, chronological age alone is unable to measure the abil-
ity of individuals to benefit from a treatment, and should not be the sole criterion 
used when deciding upon starting dialysis. The decision to start KRT in an older and 
critically ill patient must therefore be approached in a case-by-case manner. End-of-
life wishes are difficult to predict, vary greatly between patients, and can change 
during the course of an illness. A shared-decision making model that accounts for 
the risks and benefits of dialysis along with clear goal-setting and expectations for 
recovery should be instituted. Frequent reassessments of the patient trajectory are 
also warranted. In some cases, a trial of dialysis can be offered but if no improve-
ment occurs, then consideration of withdrawal of this support may be appropriate. 
In some cases, consultation with a specialist in ethics and palliative care can be 
helpful, especially when there may be disagreements between the care team and 
family or caregivers.

�Conclusions

AKI represents a major health problem, especially among critically ill individuals. 
ATN and urinary tract obstruction are frequent clinical causes of AKI in older 
adults. AKI onset in the older population may be insidious thus leading to delayed 
diagnosis, and high risk of complications, and poor outcomes including progression 
to CKD, kidney failure, and heightened mortality risk. The preservation of kidney 
perfusion and prevention of further nephrotoxic insults are the main preventive 
strategies. Since advancing age increases the likelihood of poor outcomes, decisions 
regarding care for AKI should be individualized and based on the patient’s func-
tional status and wishes.
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Chapter 14
Pharmacotherapeutic Considerations 
in Older Individuals with Kidney Disease

Sharon See and Elsen Jacob

Take Home Points
•	 Older adults have altered pharmacokinetics and pharmacodynamics that require 

medication dose adjustments and monitoring.
•	 Several tools and strategies are available to help clinicians reduce inappropriate 

prescribing.

�Introduction

Thirty-eight percent of older adults have a diagnosis of chronic kidney disease 
(CKD) in the United States [1]. Older adults are commonly prescribed inappropri-
ate medications that can negatively impact their care [2–4]. An interdisciplinary 
team and evidence-based strategies can optimize the care of older adults by address-
ing important topics such as polypharmacy, deprescribing, and prescribing cas-
cades. This team should include physicians, nurses, pharmacists, social workers as 
well as patients, families, and caregivers [5, 6]. Older adults present with variations 
in pharmacokinetics and pharmacodynamics which can impact medication selec-
tion, dosing, and patient response. In older adults, especially those with reduced 
kidney function, regular medication assessments are critical to avoid adverse out-
comes and optimize drug therapy.
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�Pharmacokinetics

�Case 1

Mary is an 82-year-old woman with a past medical history of atrial fibrillation, 
reduced ejection fraction heart failure (HFrEF), osteoarthritis, and gastroesophageal 
reflux disease (GERD). She presents to the physician’s office complaining of weight 
gain and shortness of breath. She denies chest pain, fever, nausea, vomiting, or pain. 
Her home medications include apixaban 5 mg po twice a day, sacubitril 49 mg-
valsartan 51 mg po twice a day, metoprolol succinate 50 mg po daily, pantoprazole 
40 mg po daily, and ibuprofen 400 mg po 3 times a day. Her vital signs include BP 
of 160/98 mmHg, HR of 79 bpm, and O2 saturation of 96% on room air. She weighs 
50 kg. What pharmacokinetic (PK) and pharmacodynamic (PD) principles should 
be considered in Mary?

Pharmacokinetics (PK) is commonly described as ‘what the body does to a 
drug’. It explains the changes in drug concentration as the drug moves to different 
parts of the body. PK is further defined through four separate, yet related concepts: 
absorption (A), distribution (D), metabolism (M), and excretion (E). Older adults 
experience changes in pharmacokinetics related to the aging process. Thus, in car-
ing for older adults, it is important for clinicians to recognize age-related pharmaco-
kinetic changes, so they can tailor regimens that optimize outcomes while reducing 
the likelihood of adverse effects [7]. Table 14.1 provides examples of medications 
that are impacted by altered PK in older adults.

Table 14.1  Common medications with altered pharmacokinetics in older persons [8] 

Medication
Pharmacokinetic 
parameter Effect

Calcium, vitamin 
B12, iron

Absorption Achlorhydria may reduce absorption

Digoxin Distribution Vd is decreased resulting in increased drug levels
Diazepam Distribution Lipophilicity leads to increased Vd which reduces 

plasma concentration leading to longer time to steady 
state; toxicity

Diazepam Metabolism Undergoes Phase I metabolism which is impaired in 
older adults; leads to toxicity

Gabapentin Elimination Primarily eliminated by kidney, reduced kidney 
function leads to toxicity including somnolence

Morphine Metabolism and 
elimination

Metabolized in kidney; reduced renal function leads to 
toxicity

Metformin Elimination Primarily eliminated by kidney, reduced kidney 
function leads to toxicity including lactic acidosis

Phenytoin Distribution Highly protein bound; levels increase with 
hypoalbuminemia

Warfarin Distribution Highly protein bound; levels increase with 
hypoalbuminemia
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�Absorption

Absorption describes the process of uptake of a medication into the systemic 
circulation.

It is dependent on the route by which the medication is administered and on the 
properties of the medication. When a medication is taken enterally or transdermally, 
it has to pass through barriers such as the gastrointestinal tract or dermal layers 
before reaching systemic circulation. On the other hand, intravenous administration 
directly enters the systemic circulation. Absorption is not thought to be significantly 
affected by the aging process, but older adults do experience some alterations in 
medication absorption secondary to drug interactions, and changes in gut motility, 
acidity in the stomach, and skin composition [7, 8].

As older adults are more likely to be prescribed a larger number of medications, 
clinically relevant drug interactions that impact absorption are more common. Older 
adults may be more likely to experience alterations in gut motility which can lead to 
changes in medication absorption. Gut motility can be slowed by medications like 
stimulant laxatives or medical conditions like short bowel syndrome. These condi-
tions can reduce medication transit time through the enteral tract resulting in reduced 
medication absorption. Opioids can delay gut motility and increase medication 
absorption. The acidity of the stomach can also impact medication absorption. For 
example, acid-lowering medications, such as proton pump inhibitors or 
H2-antagonists can reduce the absorption of ketoconazole because it requires an 
acidic environment for absorption. Changes in skin composition such as atrophy or 
hyperproliferation can also impact the absorption of topically administered medica-
tions such as patches, creams, and ointments, leading to reduced or enhanced 
absorption of medications [7–9].

�Distribution

Distribution addresses the passage of medication to various compartments in the 
body. Older adults typically experience increased body fat, decreased total body 
water, and reduced protein. These changes lead to alterations in volumes of distribu-
tion (Vd) and plasma concentration of medications. Hydrophilic medications have 
reduced volumes of distribution which can lead to increased medication concentra-
tions in the plasma, while lipophilic medications have larger volumes of distribution 
resulting in reduced concentration in the plasma. The larger volumes of distribution 
of lipophilic medications such as diazepam can lead to increased time to arrive at 
steady-state concentrations and accumulation of medication in older adults. Reduced 
protein in older adults can impact the distribution of highly protein-bound medica-
tions such as warfarin. This is clinically meaningful as only the free or unbound 
medication is active. Increased concentrations of free medication, can increase dis-
tribution which can lead to a higher likelihood of adverse effects [7, 8, 10, 11].
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�Metabolism

Metabolism, sometimes referred to as biotransformation, describes the process by 
which medications become altered to prepare for excretion from the body. The liver 
is responsible for the metabolism of most medications, although the skin, kidneys, 
and intestines play a secondary role. Medication metabolism is primarily conducted 
through phase I and phase II reactions, which are described below [7, 11–14].

Phase I reactions typically transform medications into inactive metabolites 
through hydroxylation, oxidation, dealkylation, and reduction. Cytochrome P450 
isoenzymes are primarily responsible for these reactions. Phase II reactions trans-
form medications through conjugation, glucuronidation, and acetylation into more 
water-soluble inactive metabolites. Older adults have decreased phase I reactions 
while phase II reactions are unaffected by aging [7, 11, 13, 14].

Physiological changes associated with the aging process result in reduced hepatic 
blood flow and liver size and can impact the metabolism of medications. In first-
pass metabolism, enterally administered medications enter the hepatic portal system 
and then the liver, leading to a reduced percentage of medication that reaches sys-
temic circulation. As such, older adults are at a higher risk of adverse effects by 
medications that undergo first-pass such as nitrates due to higher concentrations [7, 
11, 12].

�Excretion

Excretion refers to medication removal from the body as a metabolite or in an 
unchanged form. While kidneys most commonly participate in the excretion of 
medications, other routes such as the biliary, fecal, sweat, and lung routes also play 
a role. Age-related decline in kidney function impacts many medications and can 
lead to an increased risk of medication accumulation and adverse effects. This is 
especially important in medications with narrow therapeutic windows such as lith-
ium [9, 11].

It is critical that clinicians exercise caution and clinical judgment when evaluat-
ing the kidney excretion of medications. Clinicians must keep in mind that using 
serum creatinine as a marker for kidney function in older adults may be misleading 
and may be over-estimated in older adults who exhibit sarcopenia or age-related 
reduction in skeletal muscle. This chapter will explore CKD and its impact on phar-
macotherapy in greater detail.
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�Pharmacodynamics

Pharmacodynamics is often described as “what the drug does to the body.” It refers 
to the association between concentrations of medication and the responses elicited 
in individuals. In comparison to younger adults, older adults may experience 
changes in medication effects that are related to receptor sensitivity, changes in the 
number of receptors and medication affinity to receptors, and counter-regulatory 
mechanisms such as orthostatic changes. For example, beta blocker use in older 
adults can cause negative alterations in heart rate. Typically, older adults are more 
sensitive to the effects of beta blockers and therefore at an increased risk of adverse 
effects like bradycardia. Thus, slow titration of beta blockers in older adults is gen-
erally recommended to reduce the likelihood of adverse effects [7, 8, 13].

�Case 1 Answer

Mary presents with weight gain and shortness of breath. Given her history of heart 
failure, ibuprofen is inappropriate because NSAIDs can cause fluid retention and 
could cause heart failure exacerbation. Pharmacodynamic changes in homeostasis 
mechanisms increase the risk of this medication’s adverse effects. Thus, especially 
considering findings of likely volume overload, it would be advisable to select an 
alternative pain regimen [15]. The patient is also on apixaban, due to her history of 
atrial fibrillation. Due to changes in pharmacokinetics associated with aging, older 
adults are more likely to have increased exposure to apixaban, and as such there are 
dose adjustments to consider. As the patient is over 80 years of age and under 60 kg, 
the dose of apixaban should be reduced from 5  mg po BID to 2.5  mg po BID 
[16, 17].

�Medication Management Strategies and Tools

�Determining Kidney Function

This is an area of confusion for clinicians as there are many equations to calculate 
kidney function including Cockcroft Gault (CG), MDRD, and CKD-Epi. The choice 
of equation is based on institutional and clinician preferences. CG is the most com-
monly used equation although it has many limitations. It was studied in only 249 
white males, not standardized to current serum creatinine assays, and often under-
estimates kidney function. PK/PD studies used CG for many years to determine 
drug dosing adjustments in kidney impairment and as a result, became the most 
commonly used estimating equation. The MDRD equation was developed in 1620 
adults with CKD and is expressed as eGFR. It used standardized assays and race in 
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the calculation and was shown to be more accurate than CG; however, it is no longer 
recommended [18]. More recently, CKD Epi has been shown to be a more accurate 
calculation and has gone through several iterations. The National Kidney Foundation 
and the American Society of Nephrology recommend CKD-Epi which does not 
include a race modifier [19]. The FDA now requires drug development to use eGFR 
using standardized creatinine assays. This has implications for clinicians who rely 
on drug company package inserts to make clinical decisions. Medication package 
inserts will recommend dosing reductions based on either CG (mL/min) for older 
medications or eGFR (mL/min/1.73 m2) for more recent medications.

�Polypharmacy

Many older individuals struggle with managing their medications due in part to hav-
ing multiple chronic conditions also known as “multimorbidity” [20]. As a result, 
these individuals are prescribed multiple medications resulting in polypharmacy. 
While there is no consensus as to how many medications constitute polypharmacy, 
it is generally defined as five or more medications [21]. An analysis of the Center for 
Disease Control and Prevention’s National Ambulatory Medical Care Survey 
revealed that out of 2 billion office visits, 65% experienced polypharmacy, and 37% 
qualified as major polypharmacy (5 or more medications) [22]. If a patient is pre-
scribed a drug for which there is no indication, then that is a contributor to polyphar-
macy. While polypharmacy is associated with negative outcomes, it is sometimes 
appropriate for a patient to be on multiple medications. For example, a patient with 
HFrEF should be on guideline-directed therapy which often includes a loop diuretic, 
beta blocker, mineralocorticoid receptor antagonists (MRAs), angiotensin receptor 
II blocker -neprilysin inhibitor (ARNI) and sodium-glucose cotransporter-2 inhibi-
tors (SGLT2i) [23].

Polypharmacy can lead to adverse drug reactions, drug interactions, falls, urinary 
incontinence, functional decline, cognitive impairment and can be costly to the 
patient [21]. One of the guiding principles of managing an older patient with multi-
morbidity is optimizing medication therapy so that it minimizes adverse effects, 
ensures benefit of therapies and improves quality of life [20]. Clinicians can begin 
to optimize therapy by identifying inappropriate or dangerous medications using 
screening tools and guidance documents such as START(Screening Tool to Alert to 
Right Treatment)/STOPP (Screening Tool of Older Persons’ Prescriptions), Beer’s 
Criteria, and the Medication Appropriateness Index [24–26]. START/STOPP and 
Beer’s Criteria are explicit tools that provide criteria that review drug-drug interac-
tions, duration of therapy, dosage as well as drug-disease interactions. The disad-
vantage of these tools is that they do not include patient preferences, life expectancy, 
and they need to be updated often. The Medication Appropriateness Index uses 
implicit criteria, which enables the clinician to use patient specific characteristics to 
determine appropriateness. The Medication Appropriateness Index is highly sensi-
tive but requires an experienced clinician for use and takes time [27]. Choosing 
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Wisely is another excellent resource to aid in reducing polypharmacy [28]. This 
series is sponsored by the American Board of Internal Medicine and is endorsed by 
various medical organizations including the American Society of Consultant 
Pharmacists. This series provides evidence-based recommendations to improve 
patient care and addresses polypharmacy, deprescribing, and time to benefit which 
will be discussed below. As an example, with regard to polypharmacy, Choosing 
Wisely states, “Don’t use three or more CNS active medications, especially in older 
adults” [28].

�Deprescribing

Another tool to reduce inappropriate prescribing is to deprescribe. Deprescribing is 
the process of determining whether a medication should and can be removed from 
the patient’s medication regimen. This is an important part of the medication evalu-
ation process to ensure that unnecessary or harmful medications are not continued. 
The deprescribing process should include consideration of harms versus benefits, 
medications with no indications, patient values and goals and life expectancy [29]. 
Patients taking alendronate for osteoporosis are good candidates to consider for 
deprescribing. After taking alendronate for 5 years, patients are not at increased risk 
for non-vertebral fractures for up to 5 years off of alendronate compared to those 
who continued alendronate for 5 more years, thus still possessing fracture benefit 
even after discontinuing alendronate [30]. Given that data, deprescribing alendro-
nate could free a patient from onerous medication administration (drinking 8 ounces 
of water sitting upright), high costs and adverse effects.

A helpful website for deprescribing information is www.deprescribing.org [31]. 
This website is open to the public, healthcare providers, and researchers and pro-
vides links to evidence-based research on deprescribing and helpful algorithms for 
deprescribing common medications that are often prescribed with no indication or 
are inappropriate for the patient.

�Time to Benefit

Besides weighing harms and benefits, life expectancy/time to benefit and patient 
values must also be considered before deprescribing. Time to benefit is a concept 
that describes how long a patient needs to be on a particular medication in order to 
achieve the benefit or outcome [32]. Consider an 80-year-old patient who has been 
told by her primary care physician that because her atherosclerotic cardiovascular 
disease (ASCVD) risk is high, he would like to start her on atorvastatin. She has 
never had a cardiac event before. Her medical conditions include hypertension, 
chronic kidney disease and reduced ejection fraction heart failure (HFrEF). She has 
been admitted to the hospital multiple times this year for heart failure exacerbation 
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and chronic kidney disease (CKD) and has a poor prognosis. Her medications 
include metoprolol, lisinopril, furosemide, sevelamer, and erythropoietin. The 
patient wants to know if atorvastatin is really necessary at this stage of her life given 
all of her chronic conditions and her frustration with taking so many medications. A 
logical first step to help in decision making is to determine her life expectancy. 
There is limited data on using statins in adults older than 75 years of age. Current 
cholesterol guidelines do suggest moderate-intensity statins in patients aged 
40–75 years if they have diabetes and possibly high intensity if risk factors are pres-
ent. In patients without diabetes, a risk discussion should take place about whether 
or not a moderate-intensity statin would be appropriate [33]. The time to benefit 
from an HMG CoA Reductase Inhibitor is 2–5 years to prevent a cardiac event in 
patients [34].

While data exists for patients younger than 80 years, there is limited data for 
those older than 80 years of age. A recent retrospective cohort study in veterans 
found that starting a statin in adults greater than 75 years of age without a history of 
cardiovascular disease (CVD) had a reduced risk of all-cause mortality and cardio-
vascular death after taking a statin for 6.8 years [35]. Given this patient’s multimor-
bidity, it is unlikely that she would live long enough to achieve a benefit from a 
statin. By recommending not to start atorvastatin, the team would prevent adding 
another medication to complicate her medication regimen and decrease the risk of 
potential adverse effects and potential drug-drug interactions. In addition, the 
patient has expressed her desire to stop the medication. Her values and goals of care 
must be incorporated into the deprescribing process.

�Prescribing Cascades

Polypharmacy can also result from prescribing cascades. A prescribing cascade 
describes a series of events that starts when a medication is prescribed and results in 
an adverse event. The adverse event in turn is then treated with another medication 
[36, 37]. In the context of multimorbidity, this cascade can continue indefinitely if 
an intervention is not made and a deliberate attempt to assess the appropriateness of 
medications in the first place does not occur. Consider a patient with knee osteoar-
thritis, heart failure, and chronic kidney disease. The patient is prescribed an NSAID 
to alleviate the pain from the osteoarthritis but it then causes a heart failure exacer-
bation due to fluid retention. The edema and pulmonary congestion are then treated 
with furosemide. The furosemide in turn causes hypokalemia which prompts the 
addition of potassium chloride to his regimen (Fig. 14.1) [38]. In order to avoid this 
prescribing cascade, it is important to evaluate the need for the NSAID in the first 
place. Could the osteoarthritis be treated with acetaminophen? Can other options 
such as topical NSAIDs or capsaicin be considered instead?

Gabapentin-induced edema is another good example of causing a prescribing 
cascade.
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Fig. 14.1  An example of a 
prescribing cascade: 
NSAID use can cause heart 
failure exacerbation with 
edema which is treated 
with loop diuretics. As a 
result, hypokalemia may 
occur, requiring the need 
for potassium 
supplementation

A population-based cohort study demonstrated that older individuals prescribed 
with gabapentin for low back pain were more likely to be prescribed a diuretic to 
treat gabapentin-induced edema [39]. At 90 days, patients on gabapentin had a 2.1% 
risk of being prescribed a diuretic compared to 1.4% in the non-gabapentinoid 
group (ARR 0.7%). If clinicians can identify patients who do not have an indication 
for gabapentin, they can deprescribe this drug to reduce risks of gabapentin includ-
ing CNS depression, dizziness, abuse, and kidney impairment.

�Medication Considerations in Kidney Disease

A central focus of medication management in older adults is attention to dosing due 
to the natural decline of kidney function as individuals age. The two main reasons 
for a dose reduction are either to avoid direct drug-induced nephrotoxicity or drug-
related toxicity due to drug accumulation. It is important to understand that if there 
is a dosing recommendation with reduced kidney function in a package insert or 
drug monograph, it does not necessarily mean that it is because a drug is directly 
nephrotoxic. The provider must check the drug’s pharmacokinetic parameters and 
determine how it is eliminated and to what extent. Useful resources for kidney dos-
ing and PK/PD information include medication databases such as Lexi Comp and 
Micromedex. Both are paid subscriptions but are often provided by hospitals and 
academic institutions. The next section will highlight various medications that are 
cleared by the kidney.
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�Drug Related Nephrotoxicity-Accumulation

�Case 2

Darlene is a 94-year-old woman admitted to the hospital after a fall at home. X-rays 
revealed she had a right femur fracture. It was also discovered during her exam that 
her glucose was 300 mg/dL, HA1C was 9% and her serum creatinine was 2.8 mg/
dL with an eGFR of 25 mL/min/1.73 m2 BSA. Her past medical history includes 
hypertension and type 2 diabetes. Her home medications include hydrochlorothia-
zide 25 mg daily and metformin 1000 mg twice daily. She reports 10 out of 10 pain. 
In the emergency department, she received morphine 15 mg by mouth every 4 h for 
a total of 4 doses. What is the appropriate management of Darlene’s pain and diabe-
tes in light of her reduced kidney function?

�Diabetes

Without a dose reduction, drugs eliminated by the kidney can accumulate in patients 
with reduced kidney function and can accumulate and result in toxicities. There are 
many diabetes medications that are excreted by the kidneys including metformin, 
dipeptidyl peptidase 4 (DPP4) Inhibitors, and sulfonylureas. According to the man-
ufacturer, metformin is contraindicated when eGFR is below 30 mL/min/1.73 m2 
[40]. This recommendation is not because metformin is directly nephrotoxic, but 
because the drug may accumulate with reduced kidney function and increase plasma 
lactate levels via inhibition of mitochondrial respiration in the liver. The DPP4 
inhibitor sitagliptin (Januvia) is also cleared by the kidney and dosing reductions are 
recommended with eGFR between 30 and 45 mL/min/1.73 m2. The manufacturer 
advises reducing the dose of sitagliptin to 25  mg daily when eGFR falls below 
30 mL/min/1.73 m2. Failure to reduce drug dosing of DPP4 inhibitors when kidney 
function is low may result in adverse effects such as dermatologic reactions, hyper-
sensitivity reactions, and pancreatitis due to drug accumulation [41].

Glyburide has long been considered an inappropriate medication in older indi-
viduals due to the fact that it has a long half-life of 10 h and has an active metabolite 
that accumulates in patients with reduced kidney function [26]. As a result, older 
adults are at high risk for becoming hypoglycemic. If an older individual requires 
diabetes medication, consider other safer alternatives such as metformin or SGLT2i. 
Glipizide would be a safer choice if a sulfonylurea is desired.

�Pain

Gabapentin was the tenth most prescribed medication in the United States in 2019 
with almost half a million prescriptions reported [42]. This medication is often used 
to treat many off label indications including neuropathic pain despite lack of 
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evidence. As previously stated, older adults are particularly vulnerable to the many 
dose-dependent adverse effects of gabapentin due to reduced kidney clearance. As 
such, gabapentin requires dose adjustment in patients with CrCl between 30–49, 
15–29, and <15 mL/min. Adverse effects include dizziness, gait disturbance, and 
somnolence which can easily lead to falls in older individuals [43].

Geriatric patients often require pain medication for severe, chronic, or acute 
pain. When considering opioids, morphine should be avoided when CrCl <30 mL/
min because of accumulation of active metabolites. Morphine is metabolized in the 
liver to morphine-3 (M3) and morphine-6 glucuronide (MG6) which are 70–80% 
eliminated by the kidney, and accumulate in patients with reduced kidney function 
[44, 45]. This accumulation can cause neuroallodynia, myoclonus, seizures, and 
respiratory depression. In addition, morphine can worsen kidney function via hypo-
tension leading to hypoperfusion; hyperkalemia may also occur secondary to con-
stipation and urinary retention [46]. Hydromorphone is a safer alternative to 
morphine in older adults with reduced kidney function.

�Anticoagulation

Bleeding risk increases in patients with kidney failure which is an important moni-
toring parameter that should be checked prior to prescribing direct oral anticoagu-
lants (DOACs). This is particularly relevant to older adults as many have reduced 
kidney function and require anticoagulation for indications such as venous throm-
boembolism treatment and prophylaxis and stroke prevention in atrial fibrillation. 
Dabigatran and rivaroxaban are cleared via the kidneys to a much greater extent 
than apixaban, and thereby both agents can increase the risk of bleeding in kidney 
failure (See Table 14.2) [47]. Dabigatran and rivaroxaban are associated with an 
increased risk of gastrointestinal bleeding (GIB) compared to warfarin in patients 
with atrial fibrillation trials. In the RE-LY trial, dabigatran 150  mg twice daily 
caused a significantly higher risk of GIB compared to warfarin (RR, 1.50; 95% CI, 
1.19–1.89; P <0.001) [48]. In another study, the rates of major bleeding were simi-
lar between rivaroxaban and warfarin (5.5% vs. 5.4%). The major bleeds that did 
occur were gastrointestinal (upper, lower, and rectal) in nature [49]. Apixaban was 
associated with significantly less major bleeding than warfarin in the landmark trial 
of apixaban versus warfarin for stroke prevention in patients with atrial fibrillation 
(HR, 0.69; 95% CI, 0.60–0.80; P  <0.001) [50]. Additionally, there was no 

Table 14.2  Direct acting 
oral anticoagulants 
pharmacokinetics [54–57] 

DOAC Excretion

Dabigatran 80% kidney (excreted unchanged) after IV 
administration

Rivaroxaban 36% kidney (excreted unchanged)
Apixaban 27% kidney (excreted unchanged)
Edoxaban 50% kidney (primarily unchanged)
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difference in the rate of GIB (HR 0.89; 95% CI, 0.70–1.15; P = 0.37). The rate of 
GIB in the apixaban group was 1.15% compared to 1.31% for warfarin [50]. While 
apixaban does have a low risk of GIB, the package insert does recommend a dose 
reduction in patients with atrial fibrillation from 5 mg twice daily to 2.5 mg twice 
daily in patients who fulfill 2 out of 3 of the following criteria: weight ≤60 kg, 
serum creatinine ≥1.5 mg/dL and age ≥80 years [17]. All DOACs have kidney dos-
ing instructions for atrial fibrillation. Rivaroxaban, edoxaban and dabigatran are not 
recommended for CrCl <15 mL/min. Prescribers should refer to the package insert 
for each medication for dosing recommendations in the setting of reduced 
eGFR. Several retrospective cohort studies suggest that apixaban is safe to use in 
patients with CKD Stage 4 or 5 who may or may not be on dialysis [51–53]. 

�Case 2 Answer

Because Darlene’s eGFR is less than 30  mL/min/1.73  m2 BSA, hydromorphone 
would be a more appropriate opioid for her femur fracture pain. Morphine has an 
active metabolite which can accumulate with kidney failure and lead to severe 
adverse effects including respiratory depression and seizures. Metformin should be 
discontinued, and an alternative agent such as empagliflozin can be considered 
because the accumulation of metformin in kidney failure can lead to toxicities such 
as lactic acidosis.

�Conclusion

Older adults require a nuanced strategy to ensure optimal use of medications. A 
general understanding of PK and PD principles is essential to avoid inappropriate 
prescribing. This chapter offers a review of PK and PD principles, examples of 
consequences of drug accumulation and other medication considerations in older 
patients. Suggestions for evidence-based tools are provided to reduce inappropriate 
prescribing. A patient-centered, interdisciplinary, team-based approach is critical to 
the care of older adults who have complex medication therapies.
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Chapter 15
Dialysis in the Elderly

Michelle Carver and Michael Alan Kraus

�Case 1

A 74-year-old Taiwanese American female who speaks little English receiving 
maintenance hemodialysis has a dry weight of 68 kg and for the last 12 months, her 
prescription has been hemodialysis thrice weekly for 3.5 h. The etiology of ESKD 
(end-stage kidney disease) is unknown, and past medical history includes hyperten-
sion, and heart failure with reduced left ventricular (LV) function (LVEF 30% and 
moderate LV hypertrophy). For the last year on hemodialysis, she has been hospital-
ized with symptomatic volume overload on five separate occasions. She is not eat-
ing well, and serum albumin continues to decline. She has become frailer, uses a 
wheelchair to leave the home, and is mostly inactive. Hemodialysis is complicated 
with severe hypertension pre-dialysis although adherent with five blood pressure-
lowering medications. She suffers from frequent severe intradialytic hypotension.

�Case 2

An 82-year-old, 80 kg male, who cares for his elderly wife who suffers from demen-
tia has been receiving automated peritoneal dialysis (PD) for the last 6 months. He 
has no cognitive impairment but has mild depression. His PD prescription is 3 
exchanges of 2 L over 8.5 h. Residual renal function is 5 mL/min and Kt/V >1.9. His 
phosphorus and blood pressure have been increasing over the last 2 months. Being 
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his wife’s primary caregiver remains his biggest concern because they have no fam-
ily near them. At night, his wife frequently awakens confused and may get out of 
bed without warning. His depression is worsening and being on the APD cycler at 
night adversely impacts his ability to care for her. He is strongly considering going 
to the incenter unit so his treatment schedule can better accommodate his 
wife’s needs.

�Introduction

The mean age of patients receiving maintenance dialysis in the United States is now 
63 years and almost 50% are 65 years and older. The effects of aging noted in the 
general population are important to consider when planning dialysis in an older 
patient. According to the 2022 USRDS Annual report, dialysis in an older patient 
(age 65 years) is not uncommon and unfortunately, data that provide guidance for 
the best dialysis prescription suitable for older patients remains scarce. This chapter 
will therefore rely on pragmatic suggestions based on the aging process and the 
physiology or “physiology” of dialysis.

�Dialysis Results Among the Elderly

Kidney failure is a common disease among the older population; in fact, the preva-
lence rate of kidney failure in older adults has risen significantly from 2000 to 2020 
(54.6% rise in those over 74, and 40.6% rise in adults aged 65–74 years). The preva-
lence rate of kidney failure is highest among the elderly with just under 7200 
patients per million population in both groups. Among adults aged 65 years and 
older, transplant rates are much lower and home therapies remain underutilized. In 
2020, among the patients 75 years or older with ESKD, only 13.6% (18,696) were 
transplanted. Of the remaining, 8.8% (10,447) were treated with peritoneal dialysis, 
0.94% (1116) were on home hemodialysis and 90.2% (106,763) received incenter 
hemodialysis. Among those aged 65–74  years, 27.9% were transplanted, 10.8% 
were treated with PD, and 1.6% received home hemodialysis. Kidney failure is 
common among the older populations. While the incidence and prevalence of kid-
ney failure varies somewhat by country, the older populations have the highest inci-
dence and prevalence rates of kidney failure in most countries. Therefore, dialysis 
in older populations is indeed a global concern [1].

How dialysis is prescribed for older patients in the United States today is instruc-
tive as we consider the potential for better practices. Of patients receiving peritoneal 
dialysis in the United States in 2020, 86.4% were prescribed APD. This practice 
was similar in patients aged 65–74 years, where 86.4% also received APD versus 
continuous ambulatory PD (CAPD). In contrast, APD was less commonly pre-
scribed, 84.9%, in patients 74 years and older. Home hemodialysis prescriptions 
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based on frequency and time also have had some variance based on age. In 2020 the 
number of patients on five or more treatments per week decreased to 43.6% from 
58.9% in 2015. Younger patients, aged 65–74 years, were more likely to receive 
treatment five times per week as compared to patients older than 74 years, 42% vs. 
33% respectively. The total weekly duration of dialysis also decreases with advanc-
ing age. In 2020, 36.1% of patients receiving home hemodialysis (HHD) dialyzed 
less than 12 h per week. This shorter weekly duration is more common in older 
populations with 38.5% of those between 65 and 74 years of age and 44.25% of 
those 75 and over were prescribed less than 12 h of total dialysis per week [1]. The 
trends in dialysis prescriptions have moved toward less frequency and duration in 
all patients, but this trend is exaggerated with advancing age. We should consider if 
this trend is appropriate based on physiology or not.

�Home Dialysis Complications with Age

As we look at infectious outcomes, peritonitis rates and dialysis access infections in 
home hemodialysis patients are lowest in the oldest age groups, well below the 
overall rates for these infections. Conversion from home, either PD or HHD, to 
incenter dialysis modality is also lowest in the most advanced age group. Perhaps 
surprisingly the rate of conversion to incenter hemodialysis from HHD is similar 
across age groups for the first 5 months, but after 5 months, dialysis conversion is 
lowest in patients aged 75 years or older [1]. These data suggest that home therapies 
can be safe and well tolerated in the oldest patients.

As expected, advancing age is associated with increased mortality, but survival 
on home therapies remains acceptable. Patients receiving PD who are 75 years and 
older (starting at day 61) had a 22.1% cumulative incidence of death at 1 year and 
44% at 2 years. Patients aged 65–74 years experienced a 14.7% risk of death at 
12 months and a 30.7% risk at 24 months. For those patients aged 75 years and older 
receiving HHD, the cumulative mortality was 41.9% at 12 months and 62.2% at 
34 months, while mortality in the age group 65–74 years was 27.7% and 45.4% at 
12 and 34 months, respectively. All-cause mortality in patients receiving any dialy-
sis modality was 307 per 1000 patient-years in 2019 and rose to 347.6 in 2020 with 
COVID-19 for those 75 and older and 203.3  in 2019, 237.7  in 2020 for those 
65–74  years old [1]. Renal replacement therapy is therefore a viable option for 
many of the elderly and in-center hemodialysis, HHD and PD may be successful 
options of care.

In fact, in the United States, 5-year survival among those initiating in 2016 was 
22.9% for those 75+ and 35% in those aged 65–74. Canada has reported similar 
survival in these age groups and these survival rates improved during the 1990s. 
Despite increased comorbidity over the decade, the unadjusted 1-, 3-, and 5-year 
survival rates among patients aged 65–74  years at dialysis initiation rose from 
74.4%, 44.9%, and 25.8% in 1990–1994 to 78.1%, 51.5% and 33.5% in era 
1994–1999. The respective survival rates among those aged 75 years and older at 
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dialysis initiation increased from 67.2%, 32.3%, and 14.2% in 1990–1994 to 69.0%, 
36.7%, and 20.3% in 1994–1999. This survival advantage persisted after adjustment 
for diabetes, sex, and comorbidity in both age groups (65–74 years: hazard ratio 
[HR] 0.76, 95% confidence interval [CI] 0.72–0.81; 75 years or more: HR 0.86, 
95% CI 0.80–0.92) [2].

Dialysis is a good option for many older people with kidney failure. An individu-
alized approach to the dialysis prescription should be considered to improve the 
present outcomes. Individualizing care for the elderly patient needs to assess comor-
bidities carefully and understand the benefits of dialysis on morbidity and survival. 
Key components to consider when prescribing dialysis and modality include the 
social situation, cognitive function, and cardiovascular status. Cardiovascular dis-
ease and fluid overload remain the critical aspects of care and prescription for all 
dialysis patients today. Cognitive function is particularly important with education 
and selecting modality choices.

�Aging and CKD, Cardiovascular Effects

Independent of CKD or ESKD, cardiovascular status, especially LVH worsens with 
aging. Advanced stages of CKD and ESKD are associated with higher prevalence of 
LVH, cardiovascular morbidity/mortality, and even sudden cardiac death. LVH 
remains a significant risk factor for mortality in patients receiving dialysis, espe-
cially in patients with advanced age. LVH and heart failure (HFpEF and HFrEF) 
worsen in the elderly even without ESRD and CKD.

In the general population with hypertension, the prevalence of LVH increases 
with age; notably, women with hypertension have a greater progression than men 
[3]. LVH is greater with hypertension, prehypertension, and diabetes [3, 4].

The Framingham study, a community cohort in Framingham Massachusetts, has 
shown that the prevalence of LVH increases dramatically with age and is present in 
33% of men and 40% of women aged 70 years and older [5].

The heightened prevalence of LVH in older adults is an important consideration 
when determining optimal care for kidney failure. In 1995, Dr. Foley showed that 
the majority (73.9%) of patients receiving dialysis had LVH, 35.5% had LV dilata-
tion and 14.8% had reduced systolic function. The most important predictive factors 
for LVH were advancing age, female gender, wide arterial pulse pressures, low 
blood urea, and low serum albumin [6]. The association of increasing LVH as GFR 
declines is consistently seen. It has been reported that LVH prevalence increases 
from 70% in CKD stage 3 to 85% with CKD stage 5D [7] (Table 15.1). 

Dialysis appears to accelerate progression of LVH by approximately 0.50 g/m2 
per month and progression of LVH is associated with a threefold greater risk for 
both all-cause mortality and major adverse cardiovascular events [8]. Prescription 
of dialysis in the elderly should consider these cardiovascular risks and individual-
ize treatments and modalities to modulate these risk factors when appropriate.
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Table 15.1  Progression of LVH through declining GFR [7]

CKD stage
Prevalence of increased left ventricular mass 
(%)

CKD Stage 2 9
CKD Stage 3
GFR 30–59 mL/min/1.73 m2

70

CKD Stage 4
GFR 15–29 mL/min/1.73 m2

83

ESKD
GFR <15 mL/min/1.732

85

�Aging and Cognitive Function, Depression with ESKD

Much like LVH, advancing age in the general population remains a risk factor for 
depression and cognitive impairment regardless of etiology [9]. Similarly, kidney 
failure remains a risk factor for both depression and cognitive impairment. Even in 
the general aging population, there is also a relationship between increased CVD 
risk and cognitive dysfunction. The risk factors of CVD or CVD itself affect cogni-
tion; there is a correlation between increased CVD and cognitive dysfunction [10]. 
Understanding cognitive impairment and depression are important aspects of the 
ability to educate the patient and determine the support needed to succeed in any 
modality of renal replacement therapy.

Cognitive dysfunction is common in older patients with CKD. It has been esti-
mated that up to 70% of patients aged 55 years and older have moderate to severe 
cognitive impairment which is largely underdiagnosed. Murray noted that using a 
detailed 45-min neuropsychological battery, 37% of patients had severe impair-
ment, 36% moderate and 14% had mild cognitive impairment. Surprisingly only 
13% of older dialysis patients had no cognitive impairment [11]. Much like CV 
disease, cognitive function declines with decreasing eGFR [12].

The role dialysis plays in the worsening cognitive dysfunction is unknown, but 
there is significant concern that hemodialysis can worsen impairment. MRI and 
spectroscopy show evidence of cerebral ischemia dialysis [13]. In a study of 
Japanese patients receiving dialysis, 34% of cerebral infarcts occurred within 
30 min of treatment initiation [14]. Cerebral function declines during dialysis with 
cerebral edema, decreased intra-cerebral blood pressure, velocity, and perfusion. It 
has been postulated that decreasing dialysis rates may help decrease these condi-
tions as well [15]. Understanding the effects of dialysis on the CNS system and 
determining ways to modify therapy are likely to continue to become relevant in the 
future and warrant consideration today.

As cognition declines, the risk for morbidity and mortality increases. In older 
patients with kidney failure, dementia and depression are common, and should be 
elucidated to optimize the dialysis care. Prescription and modality should be indi-
vidualized to protect and treat the cognitive status of the patient. Clinicians should 
also ensure patients and their caregivers receive the needed support and education is 
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modified to their needs and abilities. Support needed, how to educate, suitability for 
dialysis modality, and even risk modification are dependent on the correct diagnosis 
and treatment of these underlying conditions.

�Dialysis in the Elderly

All patients should have choices so they can utilize the therapy that is best for them 
at that particular point in time. As they age, the treatment that is best for them may 
change. Much like younger patients, older patients may be exposed to multiple renal 
replacement modalities during their ESKD life. Peritoneal dialysis (PD)—either 
ambulatory peritoneal dialysis with manual exchanges (CAPD) or automated peri-
toneal dialysis with dry days or with daytime fluid (APD, NIPD, CCPD), hemodi-
alysis either at home (HHD) or in a center (ICHD), transplantation, and even hospice 
care with or without renal replacement therapy should all be offered and discussed. 
Each of these care paths/modalities may be used at some point in the life span of the 
patient.

The choice to dialyze versus conservative care at any point in the patient’s course 
is essential to discuss and offer. Palliative care without dialysis is discussed else-
where in this book. This is usually based on the patient’s desires, beliefs, quality of 
life, morbidity, and perceived benefits and risks of renal replacement therapy. A trial 
of dialysis is sometimes chosen to see if an individual may benefit from renal 
replacement therapy. Multiple studies show various results as to improved quality of 
life in older patients with dialysis but benefits from dialysis also vary between 
patients depending on the comorbidities. One thing to consider is that the course of 
dialysis is a major determinant in morbidity and mortality [16]. If the educated and 
engaged patient and family agree to renal replacement therapy, in general, the medi-
cal staff should be supportive.

When the decision to proceed or continue with dialysis is made, the decision on 
modality and prescription is vital. Education is the cornerstone to empowering 
patients. Elderly patients and their support groups should be empowered to make 
the best decisions for them—dialysis should be a decision between the patient, fam-
ily, and care team. Cornerstones of empowered care require access to care, multidis-
ciplinary care, smooth transitions of care with continuity, involvement of family or 
support groups, reliable non-biased information, emotional and medical support, 
and respect for a patient’s decisions [17].

Supporting patients as they begin dialysis may be particularly useful with older 
patients. Transitional care units are designed to care for incident patients with 
increased support, education, and care. Patients spend a 4–6 week period with the 
goals of medical and emotional/social support over the first 1–2 weeks with 
increased directed education and modality exposure over the following weeks [18, 
19]. Transitional care units may be a valuable tool for assisting older patients with 
transitioning to end-stage kidney disease (ESKD) and assuring education and sup-
port when and as appropriate [18].
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Transitional care units have been shown to improve placement of permanent 
access, waitlisting to transplant, and increased likelihood of home utilization [19]. 
Bowman also demonstrated improved mortality and hospitalization [18]. The ben-
efits of transitional care are achieved with consistent education and include the plan 
of medical and emotional care to stabilize the transitioning patients and improve 
patient comprehension of dialysis education. While not yet specifically studied, it is 
reasonable to believe that the use of transitional care units is beneficial to older 
patients. Modality and prescription should be an integral part of education.

Cognitive function and an evaluation for depression should be undertaken to 
assist in the decision process. It is imperative to remember that cognition and 
depressive symptoms may change over time and should be reassessed as the patient’s 
condition changes (positively or negatively). Social support is essential to evaluate 
as well. Are there family or friends willing to assist in the delivery of dialysis in the 
home? Is there family or support willing to assist in travel and care needs required 
for success with any modality? Can the dialysis unit or local social services provide 
some or all the assistance that may be required? Is there adequate access to medi-
cine, food, medical care, housing, and other essential social determinants of health? 
Can access be improved?

�Initial and Ongoing Evaluation

Older patients should be considered a high-risk population and may benefit from a 
very thorough initial evaluation. This includes the evaluation of the social determi-
nants of health and the evaluation of the social needs a patient requires to improve 
overall health. Do they have access to food, medication, travel to physician appoint-
ments/dialysis, stable housing, and utilities? The level of support for the patient’s 
needs and the best methods to deliver resources to assist in daily living and better 
health should be assessed. Screening older patients to find unrecognized impair-
ments which might improve with care is warranted and will help ensure access to 
the support needed to be successful in any modality. There are many screens avail-
able. The Montreal Cognitive Assessment (MOCA) has been verified in patients 
receiving dialysis and this tool is simple to deliver [20]. For depression screening 
two Patient Health Questionnaire (PHQ) tools, PHQ 2 and PHQ 9, are routinely 
used and established as part of the conditions of coverage for dialysis entities [21].

HHD and PD in older adults may be particularly useful in clinical risk reduction 
but require the ability to safely perform dialysis in the home. Performing dialysis at 
home requires adequate cognitive function and usually, but not universally, in-house 
support as well. The risks of HHD and PD include the potential for social isolation, 
acute complications of therapy, less frequent interactions with Health care profes-
sionals, storage requirements, and the burden of therapy with burnout. These risks 
may be obviated if adequate social support and close attention are paid to older 
patients. Even in the in-center environment many of these concerns exist but more 
frequent face-to-face interactions may increase the ability to pick up these concerns 
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sooner. Older patients and their partners deserve careful attention to declines in 
health, welfare, and mental capacity. Support needs may increase and change over 
the lifespan of the dialysis patient. All members of the dialysis community are 
responsible for ongoing evaluation, and this should not be relegated to only the 
social worker, although they play a critical role in going assessments and support 
needs. In-home therapies respite care, frequent telehealth visits, competency 
reviews, and discussions with care partners are all valuable tools in ensuring ongo-
ing success and preventing negative events.

�Hemodialysis (Incenter and Home)

�Case 1

A 74-year-old Taiwanese American female who speaks little English.
In-center hemodialysis performed thrice weekly is the most common therapy for 

ESKD in the world today and has acceptable outcomes even in the older population 
[1]. All hemodialysis should be prescribed with the patient’s needs in mind. Goal-
directed therapy is essential and a frequency of 2 days per week may have merit but 
has not been examined in the older population specifically [22]. The advantages to 
in-center dialysis include the potential for increased socialization, the benefit of 
being evaluated by health care professionals thrice weekly, and a perception of 
decreased burden for caretakers However, caretaker burden is high in all modalities. 
In-center dialysis requires travel to and from the unit, and the schedule may be 
inflexible. Moving dialysis to an in-center unit may lead to a perceived loss of inde-
pendence, and the symptoms associated with thrice weekly prescriptions—post-
dialysis fatigue, nausea, headaches, hypotension, and more may add burden to 
patient symptoms. Thrice-weekly dialysis may also increase cardiac and cerebral 
morbidity. The dialysis prescription should be written to minimize risk and compli-
cations. Ultrafiltration rate (UFR) is associated with many of the morbidities and 
recent data suggests that should be limited in most. Assimon and Flythe found that 
increasing UFR above 6 mL/h/kg was associated with increased atrial fibrillation 
and a 3% increased risk of death for every mL/h/kg [23–25]. More recently, the 
question of UFR was shown to be more significant as the mortality associated with 
high UFR doubled in the more obese patients. Evaluation of ultrafiltration and death 
increased to greater than 10% for all patients when UFR was greater than 800 mL/h 
regardless of weight [26, 27]. Hemodialysis in older patients should be prescribed 
to limit the ultrafiltration rate and increased time and or frequency may be needed.

Sudden cardiac death is also a significant risk in ESKD, and the dialysis prescrip-
tion should consider such risks. Sudden cardiac death remains a leading cause of 
death on dialysis and continuous monitoring has shown that arrhythmias—atrial 
fibrillation and bradyarrhythmia occur frequently. On hemodialysis, the bradyar-
rhythmias are the most common life-threatening event and occur in a pattern resem-
bling thrice weekly dialysis—with peaks generally just prior to dialysis and most 
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prevalent around the 2-day gap [28]. Increasing frequency and reducing intradia-
lytic volume loading may help decrease this risk of sudden death and potentially be 
the reason for improvement in LVH [29, 30].

Home hemodialysis offers the benefit of flexibility of prescription and becomes 
technically easier to prescribe increased frequency and increasing duration to mini-
mize cardiac risk and improve LVH, hypertension, hypotension, and reduction in 
antihypertensives [29].

Careful and frequent evaluations and support are necessary to prevent the con-
cerns outlined above.

�Case 1 Follow-Up

The patient has significant cognitive deficits initially, a language barrier, and severe 
cardiac morbidity with thrice weekly in-center dialysis. Care meetings with the 
patient, family, and interdisciplinary team occurred, and all options of therapy were 
discussed. The patient’s daughter would be the main support and was adamant that 
she would be willing to try anything to make her mother’s life better and perhaps 
longer. A thorough discussion ensued, and the family wished to try HHD with the 
benefit of more frequent dialysis. A prescription of frequent dialysis was discussed 
and a prescription of 6 days per week with 15 h per week to ensure low ultrafiltra-
tion rates and decreased intradialytic weight gains. The hope of and evidence for 
decreased cardiac complications was discussed. UFR was maintained under 6 mL/h/
kg (<500 mL/h) for therapy. The patient thrived and 2 years later the dialysis fre-
quency was decreased to 5 days per week, maintaining 14–15 h per week of treat-
ment. The patient survived 9 years with a total of only four hospitalizations in that 
time (none related to volume or CV morbidity). Her cognitive function improved, 
and her depression resolved. She became less frail and ambulatory. She traveled to 
Taiwan independently twice, receiving more frequent incenter therapy while 
traveling.

In-center dialysis should be prescribed with the same attention and care desired 
in the home setting. More frequent dialysis should be considered but is pragmati-
cally limited by travel, unit capacity, and patient preferences. Attempts to maintain 
a weekly duration of dialysis to keep safe ultrafiltration rates remain important in-
center as well. The patient’s and sometimes family’s desire for reducing dialysis 
time is significant and not all patients will allow increasing time. If dialysis is com-
plicated with symptoms, the following prescription changes may alleviate these 
symptoms: Increasing time and hence decreasing ultrafiltration rates decrease hypo-
tension, ischemia, and even post-dialysis fatigue; there may be a benefit to lower 
sodium dialysis to near serum sodium; dialysate cooling had some early support but 
may not be as useful as hoped [31].

Just like in-home therapies, ongoing evaluations should be routine to evaluate 
changes in health, cardiovascular issues, declines in social determinants of health, 
and changes in cognitive/depressive status (Fig. 15.1).
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Evaluation: To be performed initially and as clinically and socially indicated (q3-6 months) 

Social Determinants 
of Health

Housing adequacy

Psychosocial Needs

Home support

Depression Screening (PHQ2 and PHQ9) 

Cardiovascular status
Volume Status and Blood Pressure 

Cardiac Biomarkers (NT Pro BNP, troponins) 

Echocardiogram

Future? Bio Impedance

Access to food/medications 

Transportation needs 

Cognitive Abilities (Montreal Cognitive Assessment) 

Fig. 15.1  Dialysis in the elderly—evaluation. Evaluation: to be performed initially and as clini-
cally and socially indicated (q3-6 months)

In Europe today and perhaps in the future in the United States, hemodiafiltration 
(HDF) looks to be a promising addition to renal replacement therapy options. The 
CONVINCE trial in Europe showed a significant improvement in mortality with 
HDF versus conventional high flux HD. Frequency was thrice weekly and duration 
greater than 12 h weekly was standard in both arms. The survival benefit was clini-
cally and statistically significant in the elderly population. Patients aged more than 
65 years experienced a 32% improvement in mortality [32]. Note that hemodiafil-
tration in this randomized controlled study was 23  L per treatment and requires 
specific technology to employ.

�Peritoneal Dialysis

�Case 2

Eighty-two-year-old, 80 kg male, who cares for his elderly wife who suffers from 
dementia.
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Care of the elderly with PD needs to be individualized to meet the patient’s 
needs, reduce burden, and address cardiac status. Both CAPD and APD have poten-
tial benefits for many patients, but unfortunately in the United States CAPD use has 
decreased to 13.6% [1]. The true reason for the decline is unstudied, but it has not 
occurred elsewhere in the world. It seems reasonable to opine that healthcare pro-
viders may perceive the burden and risk of CAPD are greater than with APD. Hence 
patients are “educated” to choose APD. One certainly can argue that many of these 
perceptions may not be universally true, and individualization of therapy may 
require increased utilization of CAPD (Fig. 15.2).

CAPD in older patients has many obvious advantages. Longer dwell times 
accommodate sodium removal, phosphorus removal, and efficient urea removal 
[33]. It is the simplest home therapy to learn and understand as it does not require 
utilization and troubleshooting associated with learning a new technique and device. 
Since CAPD does not require transportation, water, or electricity, it is the most reli-
able modality for any patient during weather emergencies or even inclement 
weather, as transportation to and from dialysis necessitates exposure to extremes of 
temperature and conditions. CAPD allows for more restful nights in many, as there 
are no interruptions of sleep due to exchanges or machine alarms. Since CAPD is a 
simple therapy to learn and perform, patients with mild and perhaps even moderate 
cognitive dysfunction may be able to perform this independently longer. One fur-
ther advantage of CAPD is smaller storage needs than CCPD. CAPD generally uses 

Educate on Modalities, Conservative Management. and Hospice Care

- Reevaluation of prescription and modality regularly

Desires Home? Candidate for home? Incenter HD*

Yes No

Yes No Maybe

Incenter HD* Determine Support

Needs & Reevaluate 

HHD Versus PD       Determine frequency 

HHD   and duration needs*

PD

Consider CAPD and 

3 exchanges daily

to start*

*Prescribe for Volume and Clinical Indications 
For Incenter HD – lower ultrafiltration, longer duration.
For HHD – More frequent dialysis and increased duration.
For PD – Prescribe to control volume, reduce burden, and 
meet social needs. Monitor residual renal function.

Fig. 15.2  Dialysis in the elderly—modality selection. Educate on modalities, conservative man-
agement, and hospice care. Reevaluation of prescription and modality regularly
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40–50% less fluid, smaller bags, and less daily disposables than APD. This may be 
beneficial to elderly patients with limited living space. When necessary, supplies 
can be delivered more frequently so storage needs can be minimized further. Finally, 
CAPD may be preferred in low and low-average transport patients as studies have 
shown better survival in CAPD with low transporters and better sodium and phos-
phorus clearance in low and low-average patients [34, 35].

APD remains an excellent therapy for many patients as well. APD offers the 
advantage of fewer daytime interruptions but requires being connected to a device 
for a prolonged period. Nightly APD is best prescribed with keeping dwell times 
>2 h to combat the effects of sodium sieving (more rapid exchange of water than 
sodium occurs for the initial dwell time due to the movement of water through aqua-
porin channels early in the exchange, with diffusion of sodium moving greater than 
water movement after 1.5 h [36]). Prescriptions for APD should consider daytime 
dwells or even daytime dwells with an evening exchange. This improves sodium 
and phosphorus clearance [34]. Icodextrin can be used if there is negative ultrafiltra-
tion with longer exchanges or more ultrafiltration is required than can be achieved 
with nocturnal dialysis.

APD does offer a significant advantage in an elderly patient who requires assis-
tance with connections and exchanges. This is particularly helpful if the care partner 
works or is away during the day, or as in many cases may not live with the patient. 
APD can be initiated in the evening and disconnected in the AM reducing the bur-
den on the care provider but leaving the patient on the device for 10–12 h generally.

For both therapies incremental dialysis may be useful, but care is required to 
ensure residual renal function is monitored closely, as even short periods of under-
dialysis may lead to poor outcomes. With CAPD, three exchanges a day may be 
very useful. This can be done to minimize burden and still improve volume control 
and phosphorus removal. The exchanges can be initiated in the morning, in the eve-
ning, and at bedtime, thus minimizing the burden on the patient. This prescription 
provides significant dialysis clearance, but providers must monitor small solute 
clearance closely. Others may wish for dry nights with one or two daily exchanges; 
however, this provides less small solute and phosphorus clearance and declines in 
residual renal function may significantly impact clearances, hence there may be a 
need to increase therapy more often. In APD incremental dialysis can be initiated 
with as little as two exchanges nightly, but again this requires careful monitoring of 
the patient and residual renal function. With any incremental dialysis, care is needed 
to ensure volume is controlled, BP is controlled, and phosphorus and potassium 
remain controlled in addition to the usual push to maintain urea clearance.

A final consideration for PD in the elderly may be the preservation of cognitive 
function. Cerebral blood flow and cognitive function may decrease during hemodi-
alysis sessions and MRI and spectroscopy demonstrate acute brain injury during 
dialysis. The overall impact of these repeated changes in thrice weekly dialysis has 
not yet been definitively demonstrated but should be considered [13, 37, 38].

These regular CNS challenges are not expected to occur with PD.
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�Case 2 Follow Up

Plan of care meeting ensued, and the social worker initiated the conversation about 
the burden of APD with this patient especially the impact on his ability to care for 
his wife, particularly at night. A note was made by the care team that BP, PO4, and 
edema were increasing concurrently to a slowly declining residual renal function. 
The patient was educated and decided to try CAPD before switching to hemodialy-
sis. The patient was retrained on CAPD and initiated CAPD with three 2.5-L 
exchanges daily. He used a 2.5% exchange at night and either 1.5% or 2.5% 
exchanges during the day depending on volume needs. The patient rapidly improved. 
His depression and anxiety improved as he no longer had concerns about caring for 
his wife at night. He noted that he felt better, his BP decreased, and his meds were 
reduced. Phosphorus improved and binders decreased as well.

�Monitoring Dialysis Therapies

Understanding that dialysis is a journey and patients may experience more than one 
form of modality during their life’s journey. At some point, the elderly may choose 
PD, in-center HD, home HD, Transplant, and even hospice care. The care team’s 
responsibility is to ensure patients are educated, empowered, and supported to meet 
their individual goals.

Volume status, blood pressure, adherence, and metabolic control must be 
assessed monthly to make sure the modality and prescription are right for the patient 
and readjusted as needed. In older patients, regular evaluation of social support, 
cognitive function, depression, and assessment of social determinants of health by 
an interdisciplinary team is critical for ongoing success. Finally, regular cardiac 
assessment is critical to ensure that the care of the heart is maintained. Cardiac bio-
markers, such as NT Pro BNP (N-terminal Pro Brain Natriuretic Peptide), and regu-
lar echocardiograms to assess LVH progression, cardiac function, and volume status 
may be helpful in directing modification of prescription or modality [39].

Dialysis in elderly patients is a lifesaving therapy. Balancing patients’ social 
needs, technical skills, and clinical status to deliver the best care is critical to meet-
ing the needs of the elderly. Renal replacement therapy prescribed and performed 
well prolongs life and should improve quality of life as long as possible.
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Chapter 16
Nutrition in the Elderly Patient with CKD

Yoko Narasaki, Connie M. Rhee, and Kamyar Kalantar-Zadeh

Take Home Points
•	 During the nutritional assessment and dietary counseling of elderly patients with 

CKD, it is imperative to utilize a tailored, individualized approach that prioritizes 
shared-decision making.

•	 Dietary restrictions should be avoided among patients who are malnourished or 
at risk for malnutrition. Using a personalized approach that takes into consider-
ation patients’ underlying characteristics is necessary to ensure appropriate 
dietary intake, optimal clinical outcomes, and better quality of life.

•	 Elderly patients with non-dialysis dependent CKD should be informed that they 
have a higher risk of cardiovascular death than kidney failure which will facili-
tate informed decision making for better health-related quality of life.

•	 Dietary modification may be more challenging in older adults with long-held 
dietary habits, decreased appetite, lack of energy or enthusiasm to cook, loss of 
ability to prepare food, and inability to access groceries.
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�Case

A 65-year-old male with a history of stage 3B chronic kidney disease (CKD) due to 
hypertension presents to the nephrology clinic for follow-up of his kidney disease. 
His baseline estimated glomerular filtration rate (eGFR) is 36 mL/min/1.73 m2, and 
his urine-to-albumin creatinine ratio levels are within the normal reference range. 
After a recent hospitalization for non-anginal chest pain, he is very concerned about 
his cardiovascular and kidney health. His medical history is also notable for coro-
nary artery disease for which he underwent a coronary artery bypass graft surgery 3 
years ago, dyslipidemia, and overweight status based on his body mass index. His 
medications include lisinopril, metoprolol succinate, and atorvastatin for his cardio-
vascular health; sevelamer bicarbonate for this hyperphosphatemia; and sodium 
bicarbonate for his metabolic acidosis.

Since his hospitalization, he has been trying to lose weight through increased 
physical activity (walking 20  min several times per week) to improve his body 
mass index. While he has previously consumed red meat on a frequent basis, he is 
interested in making dietary changes to improve his health status. He is seeking 
guidance on an optimal heart-healthy diet that can optimize his cardiac and kid-
ney health.

�Introduction

CKD is a global public health problem that is highly prevalent in the elderly popula-
tion [1]. Across the age spectrum of CKD, dietary interventions are a major corner-
stone in the management of kidney disease and its ensuing sequelae. Typically, a 
low protein diet coupled with adjustment of dietary potassium, phosphorus, and 
sodium intake are the mainstays in the nutritional management of this population to 
reduce the risk of CKD progression and its potential complications.

Given the decline in kidney function as well as other physical functions that 
occur with chronic disease and aging, elderly patients with CKD are highly prone to 
developing poor nutritional status or protein-energy-wasting (PEW), which is a 
state of nutritional and metabolic derangements characterized by the loss of sys-
temic protein and energy stores. Other factors that contribute to PEW include mal-
nutrition, decreased physical activity, uremia-induced catabolism, acidosis, and 
persistent inflammation, which may exacerbate PEW-related morbidity and mortal-
ity [2–4]. Thus, in order to slow kidney function decline while also maintaining 
adequate energy and nitrogen balance, nutritional management in the elderly with 
CKD requires a multi-faceted approach. This chapter focuses on summarizing exist-
ing evidence on the nutritional abnormalities and wasting conditions in elderly 
patients with CKD, and the practical implementation of nutritional management in 
this population, including dietary protein restriction with or without supplementa-
tion in order to reduce kidney disease progression and its related complications.
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�Protein-Energy Wasting, Sarcopenia, and Frailty in Elderly 
Patients with Chronic Kidney Disease

PEW, a condition of metabolic and nutritional derangements, is common in CKD, 
particularly among older adults, and it is often accompanied by sarcopenia (i.e., loss 
of muscle mass and function) and frailty (i.e., multisystem impairment associated 
with increased vulnerability to stressors) [5]. The etiologies of PEW in older adults 
with CKD may be classified as: (1) aging, (2) advanced CKD, or (3) a combination 
of both conditions (Fig. 16.1). Age-related physiological changes include impaired 
digestive function (i.e., decrease in adaptive relaxation of the fundus of the stom-
ach), hormonal changes (i.e., increased cholecystokinin, reduction in testosterone 
followed by increases in leptin), and alterations of smell, taste, and vision that may 
contribute to decreased appetite and post-prandial energy or nutrition utilization 
efficacy [6]. Moreover, depression, inability to access groceries, lack of enthusiasm 
or energy to cook, and loss of ability to prepare food contribute to anorexia with 
aging [6]. The activation of pro-inflammatory cytokines combined with a hypercata-
bolic state, as well as decreased consumption of protein and energy following per-
turbations in appetite-regulating hormones (i.e., ghrelin and leptin) that occur with 
CKD progression, may also heighten the risk of PEW [7–9]. Moreover, uremic 
toxins, including catabolic by-products of protein metabolism, may exert harmful 
effects ranging from oxidative stress to endothelial dysfunction, nitric oxide disar-
rays, renal interstitial fibrosis, sarcopenia, and worsening proteinuria and kidney 
function [10–12].

�Dietary Protein Restriction in Elderly Patients with Chronic 
Kidney Disease

Dietary protein restriction (0.6–0.8  g/kg/day) has been generally recommended 
among patients with stages 3B-5 non-dialysis dependent (NDD) CKD for several 
decades (Table 16.1) because of its inhibitor effects on kidney function decline and 
potential to avert or delay the onset of uremic symptoms [13]. During the 1960s, 
Giovannetti and Maggiore showed for the first time the reno-protective effects of 
dietary protein restriction, such as reduction in nitrogen waste products and uremic 
symptoms [14]. Subsequent research has shown that dietary protein restriction 
decreases kidney workload by lowering intra-glomerular pressure [15]. While the 
primary results of the Modification of Diet in Renal Disease (MDRD) study were 
not conclusive with regard to the efficacy of dietary protein restriction on the pro-
gression of CKD because of a nonlinear glomerular filtration rate (GFR) decline 
and limited duration of follow-up [16], a subsequent re-analysis of the MDRD study 
as well as expert opinion/commentaries support the role of dietary protein restric-
tion on retarding CKD progression and delaying initiation of maintenance dialysis 
therapy [17]. Moreover, reduced dietary protein intake has favorable effects on 
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Table 16.1  Core nutritional targets and their purpose in elderly patients with chronic kidney disease

Items Target Purpose

1 Energy 30–35 kcal/kg/
day

Avoid risk of PEW

2 Protein
Low protein diet 
(LPD)

0.6–0.8 g/kg/day Preserve kidney function (i.e., reduce nitrogen waste 
products, uremic symptoms, glomerular 
hyperfiltration, proteinuria, oxidative stress, 
metabolic acidosis; improve mineral metabolism, 
insulin resistance, blood pressure) and delay dialysis 
initiation

KA/EAA 
supplemented very 
LPD (SVLPD)

0.3–0.4 g/kg/day, 
supplemented by 
KA/EAA

Low protein diet 
with plant-
dominant 
(PLADO)

0.6–0.8 g/kg/day, 
>50% plant-based 
sources

Preserve kidney function, delay dialysis initiation, 
reduce inflammation, improve gut microbiome and 
GI motility

3 Sodium <2300 mg/day Correct elevated blood pressure and fluid retention

KA ketoacid, EAA essential amino acid, PEW protein-energy wasting, GI gastrointestinal

kidney health outcomes, which include amelioration of GFR decline, a reduction in 
proteinuria, mitigation of uremic toxin accumulation, and better control of hyper-
phosphatemia, hyperparathyroidism, and hyperkalemia; these effects of protein 
restriction may in turn preserve kidney function and avert or delay the onset of 
uremic symptoms in patients with advanced CKD [18–20].

There are limited randomized controlled studies that have examined the effects 
of dietary protein restriction on kidney outcomes specifically in older adults with 
CKD. However, low-protein diets may have kidney-protective effects in both older 
and younger patients based on inferences drawn from studies showing similar effect 
estimates for CKD outcomes among patients across a wide range of ages [21]. A 
recent study stratified 352 patients with stages 3–5 CKD by age (i.e., >65 vs. 
<65 years of age) showed that higher dietary protein intake was associated with a 
faster decline in eGFR in the overall cohort and in elderly patients after a median 
follow-up 4.2  years [22]. In an analysis of adults from the National Health and 
Nutrition Examination Survey (NHANES) who were stratified into 1994 partici-
pants with eGFR <60 mL/min/1.73 m2 vs. 25,605 participants with eGFR ≥60 mL/
min/1.73 m2, respectively, there was effect modification of the association between 
the amount of dietary protein intake and mortality risk on the basis of age. Among 
participants who had preserved kidney function (i.e., eGFR ≥60 mL/min/1.73 m2), 
high dietary protein intake scaled to absolute body weight (ABW) (i.e., ≥1.4 g/kg 
ABW/day) was associated with lower mortality risk in younger (<65 years old) but 
not in older (≥65 years old) adults after taking into account differences in socio-
demographics, comorbidity status, and body mass index (BMI) [23].

It should be strongly emphasized that the underlying premise of dietary protein 
restriction in non-dialysis dependent (NDD) CKD is that patients maintain suffi-
cient energy intake despite consuming a lower amount of protein. Maintaining 
adequate caloric intake helps patients avoid impaired nutritional status and the 
development of PEW [7]. In general, older adults have higher requirements for 
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protein intake than that of younger persons due to age-related anabolism [24, 25], 
and patients with CKD tend to have reduced appetite and lower energy and protein 
consumption than older adults without CKD [26]. If overall energy intake is inad-
equate, dietary protein may be low which precludes the need for dietary protein 
restriction. Moreover, inappropriate or excessive restriction of dietary protein 
intake in older adults with CKD is a risk factor for worsening appetite and devel-
opment of sarcopenia or PEW, which leads to loss of muscle and fat mass, 
cachexia, and heightened mortality risk [5]. Thus, it is important to prescribe 
dietary protein restriction carefully with the help of a dietitian using a tailored 
approach by first assessing a patient’s overall health condition as well as their 
daily dietary intake appropriately (i.e., estimated dietary protein intake using 24-h 
urine collection).

�Supplemented Protein Restriction and Plant-Dominant 
Low-Protein Diet (PLADO) in Elderly Patients with Chronic 
Kidney Disease

There are various options available for low-protein diets. For example, a supple-
mented very low protein diet (0.3–0.4 g/kg/day) accompanied by substitutes such as 
ketoacid analogs (KAs) or essential amino acids (EAAs) may enhance the salutary 
effects of dietary protein restriction by providing a sufficient balance of EAAs [27, 
28]. The favorable effects of supplemented very low protein diets include improved 
serum albumin levels [29, 30], reductions in proteinuria [27, 28], decreased progres-
sion of CKD [30–32], and minimal to no changes in lean body and fat mass [33, 34]. 
In elderly patients with advanced NDD-CKD, a randomized controlled trial showed 
that a very low protein diet (defined as 0.3 g/kg/day of dietary protein intake) sup-
plemented with KAs, EAAs, and vitamins delayed dialysis initiation by approxi-
mately 11 months as compared to the control group who did not undergo dietary 
protein restriction [35]. In this study, the mortality rates were similar between the 
two groups.

The plant-dominant low-protein diet (PLADO) is also a patient-centered low 
protein diet in which patients consume a dietary protein intake of 0.6–0.8 g/kg/
day composed of >50% plant-based sources, administered by dietitians trained in 
NDD-CKD care [36]. It has been well established that not only the amount of 
dietary protein but also its type and source lead to different CKD outcomes. A 
longitudinal analysis of 1374 older female patients (mean age 75 years) including 
367 participants with baseline eGFR levels <60  mL/min/1.73  m2 showed that 
higher intake of plant protein was associated with slower decline in eGFR after 10 
years of follow-up, and there was no difference in this association between the 
subgroup of patients without (eGFR ≥60 mL/min/1.73 m2) or with CKD (eGFR 
<60  mL/min/1.73  m2) [37]. Higher dietary intake of plant protein was also 
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associated with lower mortality risk among adults aged ≥65 years old as well as 
in the overall group (median ages were 62 years old) in an age-stratified subgroup 
analysis (<60, 60–65, ≥65  years old) of a large prospective cohort of 237,036 
male and 179,068 female patients without kidney failure who underwent 16 years 
of observation [38]. There are ongoing studies examining the efficacy of the 
PLADO diet in CKD patients examining whether a PLADO diet may confer a 
protective effect on kidney health outcomes and a favorable microbiome balance 
given its richness in minerals, vitamins, dietary fiber, antioxidants, and lesser gen-
eration of dietary acid loads and uremic toxins (i.e., trimethylamine n-oxide 
[TMAO], indoxyl sulfate, and p-cresyl sulfate).

�Potassium Intake in Elderly Patients with Chronic 
Kidney Disease

Potassium is an essential nutrient needed for the maintenance of normal cellular 
function. Kidneys, as well as to a lesser degree, the colon play an important role 
in regulating potassium homeostasis and its excretion in response to changes in 
dietary potassium intake [39]. In contrast to healthy adults in whom relatively 
higher amounts of dietary potassium intake are recommended to prevent hyper-
tension and cardiovascular disease [40], dietary potassium restriction has been the 
longstanding paradigm in treating and preventing hyperkalemia and its life-threat-
ening complications (malignant arrhythmia, sudden cardiac death) in patients 
with advanced CKD [41]. Given the weak relationship between dietary potassium 
intake and serum potassium and the paucity of data examining the impact of 
dietary potassium restriction on outcomes in patients with kidney disease, there 
has been growing concern about the potential risks of this management strategy 
among patients with reduced GFR [42]. Limited studies have examined the asso-
ciation between dietary potassium intake and serum potassium levels and mortal-
ity among the elderly with kidney disease. A cross-sectional study among 95 
NDD-CKD patients with a median age of 67 years showed no relationship between 
dietary potassium intake obtained by 3-day food records and serum potassium 
levels including hyperkalemia defined as a serum potassium level  >5.0  mEq/L 
[43]. In regard to the association of dietary potassium intake on mortality, adults 
with lower dietary potassium intake scaled to total energy intake as well as those 
with low potassium intake largely from animal-based sources showed higher mor-
tality risk independent of socio-demographics, comorbidities, socioeconomic sta-
tus, lifestyle factors, and BMI, among adult participants from the National Health 
and Nutrition Examination (NHANES) study with eGFRs <60 mL/min/1.73 m2 
(mean age 73 years) [44]. Future studies are needed to elucidate the association 
between dietary potassium intake and outcomes, specifically in elderly patients 
with kidney disease.
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�Phosphorus Intake in Elderly Patients with Chronic 
Kidney Disease

Dietary phosphorus restriction is one of the cornerstones of the therapeutic treat-
ment for hyperphosphatemia [45]. Since protein and phosphorus in food are closely 
correlated, in NDD-CKD dietary phosphate tends to be concomitantly reduced 
within the context of appropriate dietary protein restriction [46]. However, if 
patients have preferences for eating processed foods or have to rely on these food 
sources (i.e., due to socioeconomic status or inability to prepare meals), more atten-
tion to dietary phosphorus intake may be required even with appropriate dietary 
protein restriction to take into account the risk of greater intake of processed foods 
with high phosphorus bioavailability [47]. Dietary phosphate is found in two types 
of sources (i.e., organic vs. inorganic sources). Organic types include animal- and 
plant-derived phosphorus sources, and inorganic phosphorus sources include food 
additives found in processed foods. The degrees of phosphorus bioavailability vary 
depending on its source (i.e., 40–60% in animal-derived vs. 20–40% in plant-
derived phosphorus, respectively) and type (i.e., approximately 100% in inorganic 
phosphorus). Plant-derived phosphate, which largely occurs in the form of phytates, 
has lower bioavailability because of the lack of the degrading enzyme phytase in 
humans [46].

Although traditional recommendations suggest maintaining dietary phosphorus 
intake between 800 and 1000 mg/day in patients with stages 3–5 CKD, the efficacy 
and safety of this recommendation have not yet been established [41]. There are a 
few studies that have examined the effects of dietary phosphorus restriction on CKD 
progression which have shown no association between dietary phosphorus intake 
and CKD progression in the younger CKD population [48, 49]. Studies of dietary 
phosphorus intake and kidney outcomes in the elderly CKD population have also 
been sparse with mixed findings. For example, in a small retrospective cohort study 
of 175 patients with stages 2–5 CKD (mean age of 65 years), higher phosphorus 
excretion per creatinine clearance (i.e., a surrogate measure for phosphorus intake) 
was associated with a higher risk of CKD progression [50]. In a prospective study 
of 1105 adults participants with eGFRs <60 mL/min/1.73 m2 (mean ages were 71, 
70, and 67  years old in lowest, middle, and highest phosphorus intake tertiles, 
respectively), high dietary phosphorus intake ascertained by 24-h dietary recall was 
associated with a very modest increase in serum phosphorus levels (a 100 mg/day 
increase in dietary phosphate ~0.009 mg/dL [0.006–0.011] increase in serum phos-
phorus) but was not associated with increased mortality over an average of 6.5 years 
of follow-up [51]. In a subgroup analysis from a retrospective study of 415 patients 
receiving maintenance hemodialysis, the lowest tertile of dietary phosphorus intake 
was associated with higher mortality risk in older (≥60 years old) but not in younger 
(<60 years old) adults [52]. Future studies are needed to elucidate the association 
between dietary phosphorus intake and outcomes in older patients with kidney 
disease.

Y. Narasaki et al.
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�Fiber Intake in Elderly Patients with Chronic Kidney Disease

There is increasing recognition of the health benefits of higher dietary fiber intake 
(i.e., improved blood pressure, glycemic control, dyslipidemia, gastrointestinal 
motility/constipation, and gut microbiota composition). Thus far, meta-analyses 
consisting of studies with relatively small sample sizes and inclusive of both younger 
and older patients with kidney disease have consistently shown the benefits of fiber 
supplementation on the reduction of uremic toxins including serum creatinine [53], 
p-cresyl sulfate [54, 55], and indoxyl sulfate [55]. Interestingly, a study conducted 
by Wu et al. revealed that the underlying age of patients (i.e., ≤60 or >60 years) was 
not an influential factor in these effects [54]. Furthermore, existing evidence includ-
ing a study of 1105 participants with eGFRs <60  mL/min/1.73  m2 (mean 
age ≥65 years old) [56] and a meta-analysis including studies in elderly patients 
with kidney disease [57] have shown the beneficial effects of higher dietary fiber 
intake on survival in patients with kidney disease. Further studies are warranted to 
evaluate the effects of dietary fiber intake and outcomes (i.e., constipation, all-cause 
and cardiovascular mortality) in this population.

Regarding dietary fiber intake, guidelines for people with kidney disease have 
been mixed, particularly due to concern that foods rich in fiber typically contain 
higher potassium content, which is traditionally restricted in people with kidney 
disease for the purposes of preventing and treating hyperkalemia [58]. However, 
greater consumption of plant-based fruits and vegetables which are rich sources of 
potassium, glucose, fructose, and fiber might provide salutary benefits in patients 
with kidney disease including with elderly based on the premise that (a) potassium 
intake concomitantly consumed with glucose/fructose reduces postprandial 
increases in serum potassium concentrations by facilitating intracellular potassium 
deposition [59], and (b) fermentable fiber increases the excretion of potassium into 
feces [60]. Based on these observations, a larger study of the impact of dietary fiber 
intake on CKD outcomes in the elderly population is needed.

�Sodium Intake in Elderly Patients with Chronic 
Kidney Disease

Given that the role of sodium in the pathophysiology of hypertension has been rec-
ognized and that hypertension and CKD are closely related, a low sodium or low salt 
diet is widely considered a cornerstone in the treatment of hypertension in CKD 
patients as well as in the general population [61]. However, there is a paucity of 
studies examining the effects of sodium restriction in elderly patients with 
CKD.  Age-related changes in sodium homeostasis (i.e., decreased total body 
sodium, with increased total body potassium), as well as changes in GFR, renal 
blood flow, and sodium-regulating hormonal systems (i.e., 
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renin-angiotensin-aldosterone axis), may be responsible for the greater sodium sen-
sitivity in older adults with CKD [62]. However, sodium restriction should be care-
fully implemented by regularly assessing patients’ blood pressure and serum and 
blood sodium levels. Of note, dietary restriction including sodium restriction can 
cause the loss of appetite, insufficient dietary intake, sarcopenia and/or PEW, and 
hospitalization or other adverse clinical outcomes [63]. Thus, dietary restrictions, 
especially those implemented in older adults with CKD who have a higher risk of 
these complications, should be conducted within the context of individually tailored 
programs that are administered by specialty clinicians including dietitians with 
training and experience in NDD-CKD care.

�Conclusion

Precision nutritional management that uses a tailored approach in prescribing the 
amount and sources of dietary protein as well as other nutrients is particularly 
needed in elderly patients with CKD in order to ameliorate GFR decline and risk of 
kidney failure. Given the heightened risk of developing PEW in older adults with 
CKD, close attention is needed to ensure adequate energy and nitrogen balance 
when administering a low-protein diet and other dietary interventions.Financial 
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Chapter 17
Kidney Supportive Care

Tripta Kaur and Elizabeth Figuracion

�Case Presentation

Henry is an 83-year-old man with progressive chronic kidney disease (CKD) in the 
setting of hypertension, diabetes, and peripheral vascular disease. He feels that he 
has a good relationship with his nephrologist who has followed him over the past 2 
years. However, during this time his kidney function has incrementally declined and 
now his estimated glomerular filtration rate (eGFR) is 22 mL/min/1.73. He reports 
to his nephrologist that his main symptoms are fatigue (“I feel exhausted by the 
evening”), insomnia, and decreased appetite with 5-lb weight loss over the past 
6 months. On exam, he is oriented, has mild temporal wasting, walks slowly down 
the hallway to the exam room, and has trace bilateral lower extremity edema. Henry 
has been widowed for the past 2 years but has good social support from his neigh-
bors in his assisted living facility (ALF). He expresses that he can care for himself 
but needs help with groceries and cleaning. Due to his evident weight loss, a cys-
tatin C is obtained and reveals that his true eGFR may be closer to 16  mL/
min/1.73 m2. After his nephrologist informs him about the changes in his kidney 
function, Henry becomes very quiet, however after a few moments he asks, “What 
does this mean for me?”
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�Introduction

The demographic of patients with kidney disease has evolved. Compared to 1972 
when Medicare eligibility was expanded to include end-stage kidney disease 
(ESKD), adults with chronic kidney disease (CKD) are now older with more comor-
bidities [1, 2]. From 2015 to 2018, 36.8% of patients aged 65 years and older had 
CKD (defined as eGFR <60 mL/min/1.73 m2 or urinary albumin creatinine ratio 
≥30  mg/g). In 2019 the incidence and prevalence of ESKD was highest among 
individuals aged ≥75 years. Among these patients, 79% initiated in-center hemodi-
alysis, 1.0% home hemodialysis, 7% peritoneal dialysis, and 12.9% received a kid-
ney transplant [2]. In a cohort of patients with advanced kidney disease receiving 
care in the United States VA system, 53.3% of patients aged ≥85 years were treated 
with dialysis or were preparing to receive dialysis [3]. Elderly patients with kidney 
disease who undergo aggressive treatment options experience high symptom bur-
den, negative impact on quality of life (QOL), and have increased risk for morbidity 
and mortality with low utilization of hospice services [3–5].

In studies that explore preferences in patients with advanced kidney disease, 
most patients expressed that improving QOL and addressing symptoms is very 
important (~60% to 80%) [6, 7]. In a Canadian cohort of patients with advanced 
CKD including kidney failure treated with dialysis or transplantation, only 17.8% 
reported prioritizing length of life and more than half (60.7%) of the patients on 
dialysis reported regret in starting dialysis [7]. Most patients preferred to die at 
home or in an inpatient hospice (65%) whereas 27.4% wanted to die in the hospital 
[7]. The active medical management of kidney disease without dialysis, also known 
as comprehensive conservative care (CCC), is an alternative to dialysis which 
focuses on preventative CKD management and optimizing QOL. The population-
based incidence and prevalence of CCC in the US is unknown. In elderly patients 
with advanced CKD, the decision to pursue dialysis or CCC is complex and requires 
an integrated discussion of the patients’ values and goals in the context of their 
prognosis with and without dialysis. Most patients with kidney disease have not had 
advanced care planning (ACP) discussions about treatment options and end-of-life 
care planning with their nephrologists and, only a minority have completed advanced 
directives [7–9]. Unfortunately, patients who were engaged in ACP discussions 
have reported a suboptimal experience [10]. Overall, older adults with advanced 
kidney disease will benefit from a comprehensive care model to address their 
dynamic needs from a patient-centered perspective. Currently, patients with kidney 
disease have lower utilization of palliative care and only ~20% enroll in hospice [1, 
11]. In fact, most adults with CKD were unsure or had not heard about palliative 
care [7].

Palliative care is the active holistic care of individuals with a serious illness that 
aims to: (1) prevent, identify, and relieve physical, psychosocial, spiritual, and exis-
tential suffering; (2) improve the quality of lives of patients and their families, and 
(3) facilitate patient autonomy by aligning care with patients’ values and priorities 
[12]. Palliative care can be incorporated at any stage of the patient’s clinical course 
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and can be provided alongside disease-directed therapies, such as dialysis and kid-
ney transplantation. Palliative care does not hasten nor postpone death but rather 
works to positively influence a person’s experience with illness and support patients 
and their families in the context of their cultural values and beliefs [12]. Palliative 
care has been shown to improve QOL and satisfaction with care and reduce hospi-
talizations and high intensity of care at the end of life. Hospice, which is a form of 
palliative medicine, is a philosophy and system of care designed to provide compas-
sionate care at the end of life (prognosis of 6-months or less) when a patient’s goals 
have shifted away from life-prolonging therapies and toward comfort and QOL [13].

In the United States, a limited number of physicians are formally trained to prac-
tice specialty palliative care. Therefore, it is imperative for all providers taking care 
of patients with kidney disease including nephrologists, advanced care providers, 
nurses, and social workers to have primary palliative care skills to implement kid-
ney supportive care (Box 17.1).

Box 17.1 Essential Primary Palliative Care Skills [5]

• Education of overall medical condition
• Evaluation and communication of prognosis
• Basic advanced care planning discussions that elicit values and medical wishes to guide 
consistent treatment plans
• Assessment and management of physical and psychological symptoms
• Identification of clinical changes near the end of life

Kidney supportive care is the integration of palliative medicine into the care of 
all patients with kidney disease. Patients who would benefit from kidney supportive 
care include those with non-dialysis advanced and dialysis-dependent CKD, acute 
kidney injury (AKI), and kidney transplantation [1]. The goals of kidney supportive 
care are to optimize quality of life and prevent suffering through managing dynamic 
symptoms, helping patients and their families navigate complex treatment options, 
and supporting patients near the end of life.

In the following sections we will discuss the main domains of kidney supportive 
care which include (Fig. 17.1):

	1.	 estimating prognosis to identify patients who would most benefit from kidney 
supportive care,

	2.	 advanced care planning with shared decision-making (SDM) to promote goal-
coordinate care,

	3.	 the option of comprehensive conservative care (CCC),
	4.	 transitions in dialysis to include a time-limited trial of dialysis, palliative dialy-

sis, and withdrawal from dialysis,
	5.	 symptom assessment and management, and
	6.	 end of life care [1, 14].
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Fig. 17.1  Framework of kidney supportive care [1, 14]

Throughout the course of a patient’s illness, the role of kidney supportive care 
can vary but generally increases with the progression of the patient’s clinical trajec-
tory and includes care at the end of life (Fig. 17.1). Specialty palliative care should 
be appropriately incorporated for further support in: (1) complex treatment-decision 
making and conflict resolution, (2) CCC, (3) refractory symptoms, and (4) end-of-
life care [15].

�Prognosis in Patients with Kidney Disease

Prognostication in patients with kidney disease is challenging. Predicting a patient’s 
survival and quality of life with and without dialysis requires a full assessment of 
the patient’s overall medical condition and prognostic factors. For patients who 
have multiple comorbidities, communicating with their relevant providers on their 
perspective of the patient’s medical condition will help provide further insight into 
the patient’s clinical trajectory [16]. General prognostic factors that help assess the 
risk of morbidity and mortality include age, comorbidities, and geriatric syndromes 
including functional and cognitive impairment, malnutrition, falls, and frailty 
(defined as increased vulnerability and decreased reserve to respond to health stress-
ors) [17].
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�Prognosis with Dialysis

The adjusted mortality rate of Medicare beneficiaries aged 66–74 years receiving 
dialysis was approximately 10–15-fold higher compared to individuals not receiv-
ing dialysis [2]. Based on the United States Renal Data System (USRDS) the 1-year 
mortality rate after the initiation of dialysis for patients ≥65  years was ~30%. 
However, an analysis of Medicare beneficiaries showed a higher 1-year mortality 
rate after the initiation of dialysis of 54.5% in patients ≥65  years and ~68% in 
patients ≥85 years [2, 18]. Among patients >80 years old and patients >75 years old 
with comorbidities (cardiovascular disease, diabetes, dementia, cancer, and others), 
studies show that there is no survival benefit with dialysis as compared to non-
dialysis care also known as CCC [2, 18–20]. In a single-center study of patients 
≥70 years, the overall mean survival with dialysis (mean age 76) was 37.8 months 
vs. 13.9 months (≥1 year) with CCC (mean age 82). However, these patients who 
chose to initiate dialysis showed a significantly higher rate of hospital admissions, 
and approximately half of their survival time was spent in a hospital, traveling to 
and from dialysis and dialysis treatment, and recovering from dialysis with post-
treatment fatigue. Patients aged ≥70 years receiving dialysis were also more likely 
to die in the hospital and experience a high intensity of care at the end-of-life com-
pared to patients who chose CCC [21]. In a study of dialysis Medicare beneficiaries 
≥65 years old, 76% were hospitalized, 48.9% had an intensive care unit admission, 
29% had an intensive procedure, 20% were enrolled in hospice, and 44.8% died in 
the hospital in the final month of their life [22].

The impact of frailty and cognitive impairment in patients receiving dialysis fur-
ther alters their clinical course. Frailty in a patient receiving dialysis is associated 
with a 2.68-fold higher risk of death and a 1.43-fold higher number of hospitaliza-
tions (independent of age, sex, comorbidity, and disability) [23]. Cognitive impair-
ment and dementia in patients with advanced or dialysis-dependent CKD are 
associated with increased all-cause mortality. Patients with dementia have a 2.2-fold 
higher risk for death within 6 months of initiating dialysis compared to patients 
without cognitive impairment [24, 25].

Older adults who initiate dialysis have a high risk of functional loss and falls 
regardless of baseline functional status, and this decline in physical capability is 
associated with heightened mortality [26]. In a cohort of independent patients 
≥80 years old, >30% required a private-caregiver or facility care 6-months after the 
initiation of dialysis [27], and furthermore, in a study of nursing home patients, 
12-months after the initiation of dialysis 87% had died and only 13% maintained 
their pre-dialysis functional status [28].

Prior to initiation of dialysis, older adults with advanced CKD experience sub-
stantial declines in mental and physical health-related QOL. Based on current litera-
ture, there is high concern that QOL and symptom burden may be similar in elderly 
patients on dialysis as compared to comprehensive conservative care [29–32]. 
Interestingly, in a European cohort, De Rooij et  al. demonstrated that initiating 
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dialysis may help mitigate the decline but not improve QOL within the first year of 
dialysis initiation [33].

�Prognosis Without Dialysis (or Comprehensive 
Conservative Care)

Current survival data in patients who elect CCC overall have been consistent. In a 
systemic review that analyzed prognosis with CCC the median survival (measured 
when the eGFR decreased to <15  mL/min/1.73  m2) ranged between 6.3 and 
23.4  months [34, 35]. As described above, in a single-center study of patients 
≥70 years the average survival of patients on CCC was 13.9 months (≥1 year) [21]. 
Another study showed that patients with an average age of 82 years with a higher 
prevalence of dementia and comorbidities had a median survival of 16 months and 
32% survived >12  months after the eGFR decreased below 10  mL/min/1.73  m2 
[32]. Dialysis as compared to CCC does not improve survival in patients >80 years 
old and patients >75 years old with comorbidities [2, 18–20]. Patients on CCC have 
lower rates of hospitalizations, tend to spend more time at home or in the commu-
nity, and are more likely to die at home and elect hospice services [34].

�Prognostication Tools

Prognostication is the culmination of the clinician’s analytical assessment of the 
patient’s overall health and clinical acumen. There are several validated renal prog-
nostication tools available to help identify high-risk patients and support providers 
in evaluating which patients will most benefit from dialysis [35] (Box 17.2).

Box 17.2 Prognostication Tools in Kidney Disease
Prognostic tools to estimate mortality after the initiation of dialysis

•	 Wick Score (4): 6-month mortality

–– Age (≥80 2 pts), eGFR mL/min/1.73 m2 (0–9.9 0 pt, 10–14.9 1 pt, ≥15 
3 pts), atrial fibrillation (2 pts), chronic heart failure (2 pts), lymphoma 
(5 pts), metastatic cancer (3 pts), hospitalized in the last 6-months 
(2 pts).

–– Score range 0–19. Score <5  =  <25% 6-month mortality and Score 
>12 = >50% mortality.
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•	 Thamer Score (5): 3- and 6-months mortality

–– Age (<70 years 0 pts, 70–74 years 1 pt, 75–79 years 1 pt, 80–84 years 1 
pt, 85–89 years 2 pts, ≥90 years 3 pt) and 1 pt each (albumin <3.5 g/dL, 
assistance with daily living, nursing home, cancer, heart failure, hospi-
talized more than once or >1 month in the last year).

–– Score range 0–9. Score of 4  =  17% mortality in 3-months/27% in 
6-months and Score ≥8 = 39% mortality in 3-months/55% in 6-months.

•	 Renal Epidemiology and Information Network (REIN) Score: Age 
≥75 (7): 6-month mortality

–– Total dependence for transfers (3 pts), BMI <18.5 kg/m2 (2 pts), periph-
eral vascular disease stage 3 or 4 (2 pts), chronic heart failure stage 3 or 
4 (2 pts), severe behavioral disorder (2 pts), unplanned dialysis initia-
tion (2 pts), active malignancy (1 pt), diabetes mellitus (1 pt), dysrhyth-
mia (1 pt).

–– Score range 0–16. Score of 3–4 = 6-month mortality of 21–26% and 
Score ≥9 = 62–70% 6-month mortality.

•	 1Integrated 6-month mortality tool (3): 6-month mortality

–– Would I be surprised of this patient died in the next year?, serum albu-
min, age, dementia, peripheral vascular disease

•	 Modified Charleston Comorbidity Index (CCI) (6): 1-year mortality

–– Age (1 point for every 10 years older than 40) and Comorbidities 
(weighted score based on the type and number of comorbidities: 1 pt for 
each (coronary artery disease, congestive heart failure, peripheral vas-
cular disease, cerebrovascular disease, dementia, chronic pulmonary 
disease, mild liver disease, diabetes), 2 pts for each (hemiplegia, moder-
ate to severe renal disease, diabetes with end-organ damage, any tumor, 
leukemia, lymphoma), 3 pts for each (moderate or severe liver disease), 
6 pts for (metastatic cancer or AIDS)

–– Score Range: 0–37. Score ≤3  =  3% 1-year mortality rate. Score 
≥8 = 48% 1-year mortality rate.

Prognostication tool for the risk of progression to ESRD

•	 See Footnote 1. The Kidney Failure Risk Equation: 2- and 5-year prob-
ability (see Footnote 1)

–– Age, sex, estimated glomerular filtration rate (eGFR), and urinary albu-
min to creatinine ratio (ACR).
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Adapted from Koncicki et al. [36]. Permission Requested. Additional Sources: 
[25, 37–45]

�Estimation of Mortality After the Initiation of Dialysis

The Wick Score, Thamer Score, REIN (Renal Epidemiology and Information 
Network) Score, Integrated 6-month mortality tool, Modified Charleston 
Comorbidity Index and the Surprise Question are prognostic assessment tools 
designed to help estimate mortality after the initiation of dialysis and incorporate 
different combinations of the following prognostic factors: age, gender, eGFR mL/
min/1.73 m2, comorbidities, markers of nutrition, functional status, hospitalization 
events, and the surprise question [25, 37–45]. The Surprise Question, “Would I be 
surprised if this patient died in the next year?”, is validated in patients with CKD 
and ESKD and helps capture the provider’s global prognostic assessment and their 
clinical experience. Studies demonstrate that an answer of “no” to the Surprise 
Question has been associated with a 1-year mortality rate of 27% in patients with 
CKD Stage 4–5 and 29.4% in patients with ESKD which was 5 times and 3.5 times 
higher, respectively, when compared to answering “yes” [44, 45]. The Fried Frailty 
Phenotype Criteria helps identify frailty, a multifaceted overarching geriatric syn-
drome that encompasses a more comprehensive prognostic assessment than age and 
comorbidity alone. This physical frailty phenotype is defined as having at least 3 out 
of the 5 following criteria: unintentional weight loss >10 pounds in the past year, 
self-reported exhaustion, weakness (grip strength), slow walking speed, and low 
physical activity [46–48]. Lastly, the Karnofsky Performance Scale (KPS) is a func-
tional assessment tool that ranges from 0 to 100 where 100 is normal, 70 is cares for 
self but is not able to perform normal activity, 40 is unable to live independently and 
requires special care, and 0 is dead [49–52].

The surprise question, KPS, The Fried Frailty Phenotype Criteria, and recogni-
tion of geriatric syndromes (to include dysphagia), worsening symptom burden, 
complications from dialysis, inability to tolerate dialysis, and multiple hospitaliza-
tions can help identify patients who are declining on dialysis [36].

�Estimation of Progression to ESRD

The Kidney Failure Risk Equation tool helps estimate the 2- or 5-year risk of pro-
gression to kidney failure in patients with CKD Stage 3–5 using a 4-variable equa-
tion that includes age, sex, estimated glomerular filtration rate (eGFR), and urinary 
albumin to creatinine ratio (ACR) [53]. This tool, in combination with the clini-
cian’s observed trajectory of the patient’s renal function, can help with prognostica-
tion without dialysis and provide a timeline to guide treatment options [54].

All these tools have several limitations which include generalizability and a 
focus on survival-based outcomes rather than patient-centered outcomes such as 
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healthcare-related QOL.  However, they can help mitigate prognostic uncer-
tainty [40].

�Decision Making in Advanced CKD

For elderly patients with advanced CKD, the decision to pursue versus forego dialy-
sis and opt for CCC can be very challenging. Patients who proceed with dialysis (or 
a time-limited trial of dialysis) may hope for improved survival and maintain their 
independence. Based on their personal limitations, they may accept certain trad-
eoffs or burdens of dialysis. These tradeoffs can include time dedicated to dialysis 
and transportation, complications from dialysis and access failure, functional 
decline, and increased risk for hospitalizations due to acute illness and other comor-
bidities. Contrastingly, when a patient’s goals are to focus on quality of life or pre-
venting suffering rather than length of life, they may choose CCC. Studies show that 
most patients with kidney disease prefer a shared approach to decision making with 
their nephrologists [55] and want their nephrologists to discuss prognosis and end-
of-life planning including withdrawal from dialysis [7, 55, 56]. Patients who dis-
cussed their overall medical condition and prognosis with their providers were less 
likely to report dialysis regret [57]. Advanced care planning (ACP) increases care 
consistent with patient goals and preferences.

ACP with shared decision making (SDM) is an ongoing process, in which com-
petent patients, their family members/surrogate, and their health care providers 
develop a patient-centered preference-based care plan through interactive discus-
sions to guide current and future medical care [dialysis ± kidney transplantation vs. 
CCC and end of life planning]. Essential components of ACP conversations include: 
(1) discussion of the patient’s overall medical condition and prognosis and the risks/
benefits of all treatment options, (2) clarification of prior discussions and medical 
documentation, and (3) reflection on the patient’s goals/hopes, values/beliefs, fears 
and concerns. Making a recommendation based on expert opinion of the patient’s 
prognosis and available treatment options and understanding of the patient’s goals 
and values is an important component of SDM. In SDM the patient/surrogate guides 
the balance of partnership in decision making. Based on the patient/surrogate 
wishes, decisions may range from patient/surrogate-driven to physician-driven with 
varying degrees of partnership (shared decision-making continuum). A patient-
centered recommendation not only helps support patients/surrogates who directly 
look to their providers for guidance but also promotes patient autonomy by fully 
informing the patient and allowing them to incorporate the provider’s medical 
expertise into the decision process. Lastly, the patient’s health care choices are accu-
rately documented using advanced directives [58–60].

There are many different communication models that provide a framework to 
guide physicians in conducting ACP discussions. These SDM communication mod-
els include (1) Serious Illness Conversation Guide, (2) REMAP (Reframe, Emotion, 
MAP, Align, Propose a Plan), (3) SPIKES (Setting, Perception, Invitation, 
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Knowledge, Empathy, and Summary), and (4) SPIRES (Setup, Perceptions and per-
spectives, Invitation, Recommendation, Empathize, and Summarize) which is an 
adaptation of SPIKES created by Schell et  al. for dialysis decision making [16, 
61–63]. These models include similar communication themes. The following high-
lights the main communication principles from these standardized models and 
applies them to decision-making in patients with advanced CKD. This framework 
can be utilized for all types of ACP discussions including discussions about with-
drawal from dialysis.

�Set Up the Conversation

The first steps in preparing for an ACP discussion are to (1) introduce the purpose 
of the conversation, (2) highlight the importance of thinking about and preparing for 
the future, (3) ask permission to engage in discussion, and (4) decide together when 
and where the conversation should take place and which individuals should be pres-
ent [54, 61]. For example, “Your kidney function is now at the point where it is very 
important for us to talk about how to best care for you going forward. Would it be 
okay if we plan a meeting to talk about this? Would you like to invite a family mem-
ber or friend to support you during this discussion?” [16].

�Assess Understanding

Before sharing information, it is important to elicit the patient’s understanding of 
their kidney disease and overall medical condition, prognosis, and available treat-
ment options (dialysis  ±  kidney transplantation vs. CCC). Understanding the 
patient’s perspective of their medical condition shapes the subsequent discussion. It 
is helpful to first use broad open-ended questions followed by more directed ques-
tions as needed to elicit understanding. The following are communication examples 
[16, 54, 58]:

•	 Medical Condition and Prognosis: “What is your understanding of your overall 
health?” “Tell me how you feel about your medical problems?” “Tell me about 
your kidney disease.” “How serious do you feel your kidney disease seems to 
be?” “How do you think your kidney disease will affect your life in the future?”

•	 Treatment options: “What have you been told about your treatment options for 
kidney disease?” “Have you heard of dialysis?” “What have you heard or been 
told about dialysis?” “Do you know anyone who has been on dialysis?” “What 
questions do you have about dialysis?” “What do you know about the different 
types of dialysis?” “What is your impression of dialysis as a possible treatment 
option?” “Have you heard about kidney transplantation? (If appropriate)” “Have 
you heard about a non-dialysis option called CCC?”
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�Ask About Information Preferences

An important part of the communication process is to determine how much and 
what information the patient wants to know about their overall medical condition 
and prognosis. Patients have a right to full disclosure to make informed decisions 
regarding their medical care, yet they may have different preferences about the 
types or extent of medical information they want to receive. The following are com-
munication examples to elicit information preferences [36, 58, 64]:

•	 “Some people want to hear all the details about their kidney disease, others want 
to know the big picture, and sometimes people don’t want to hear information 
directly and prefer to talk to a family member or friend. Which would you want?”

•	 “What kind of information do you want to know?”
•	 “How much information do you want to know about the future?” “How much do 

you want to know about the course of your kidney disease?” “How much and 
what kind of information do you want to know about prognosis?” “Do you want 
to know how people similar to you do on dialysis?”

If a patient states they do not want information about their medical condition 
and/or prognosis, it is important to understand why the patient does not want to 
know and acknowledge the patient’s fear or concerns. Ask permission to rediscuss 
this topic later or, depending on the nature of the situation, talk to the person that the 
patient has designated to hear this information on their behalf. If the situation is 
urgent and the patient is unable to identify someone you can communicate with, 
share why you think it is very important to talk about this information today, express 
respect, and re-ask permission to proceed [64].

�Share Information

Consider the patient’s information preferences and discuss the patient’s kidney dis-
ease in the context of their overall medical condition, review all treatment options 
(dialysis ± kidney transplantation vs. CCC), and communicate prognosis (or uncer-
tainty in prognosis) with and without dialysis. Discuss prognosis not only in terms 
of time, but also in terms of effect on QOL such as functional trajectory (need for 
home caregiver or facility support), symptom burden and life impacts, and risk of 
developing medical complications, procedures, and hospitalizations [54]. Based on 
estimation of the patient’s prognosis portray what life may be like with or without 
dialysis (CCC). The “Best Case/Worst Case” communication tool can be used to 
verbally and pictorially depict the best, most likely, and worst-case outcomes with 
dialysis vs. CCC. By visually mapping out the treatment options, it allows time for 
the patient to process the information and ask questions, and for the provider to 
elicit understanding. After completion of the diagram, ask “What are your thoughts 
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and feelings about all of this?”. This open-ended question can help initiate a discus-
sion of the patient’s goals and values in the context of these outcomes [65].

�Provide Support

Strong emotions are commonly experienced during advanced care planning discus-
sions. Acknowledging these emotions and providing empathy is important through-
out these conversations. The mnemonic NURSE (Name: “I can see that this 
conversation is making you very nervous”, Understand: “Talking about dialysis can 
be very scary.” Respect: “You are asking all the right questions.” Support: “I am 
here for you. We are going to work together to figure this out.” Explore: “What 
concerns you the most about dialysis?” is one way to verbally address emotions. 
Another mnemonic to express empathy is SAVE (Support: “I am here to for you.” 
Acknowledge: “Making this decision has been very hard on you.” Validate: “Many 
people in this situation feel the way you do.” Emotion naming: “You seem anx-
ious.”) At times emotions can become overwhelming and instead of outwardly 
expressing emotions (such as crying or anger) patients may become silent. A thera-
peutic silence, allowing for silence in the conversation, can allow the patient to 
process what has been said, experience their feelings, and formulate questions to 
continue talking [58].

�Elicit Patient Goals and Values

By exploring a patient’s hopes and expectations, concerns, worries, and sources of 
strength, and understanding their limitations/critical abilities, we can learn about the 
patient as a person and elicit their goals and values. Asking questions about hope 
provides insight into a patient’s big-picture goals. Asking about patient’s concerns, 
worries, and limitations (such as acceptable function) can highlight what burdens a 
patient is willing or not willing to tolerate to achieve their goals [16]. It is important 
to explore both health-related and personal aspects of their goals, concerns, and 
worries [54]. Also, understanding where the patient finds their inner strength 
(Family, Friendship, Religion/Spirituality) tells us more about their values, how 
patients cope with their illness, and sometimes how they approach decision-making 
[54, 58].

Koncicki et al. and Schell et al. developed communication examples to help elicit 
patients’ hopes, concerns worries, and limitations in patients with kidney disease; 
the examples are as follows [14, 16, 58]:
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�Exploring Hopes and Expectations

•	 “What do you hope for in the future?” “What makes your life worth living?” 
“What is most important to you if your time is limited?” “What are you hoping 
to achieve with dialysis?” “What activities bring you pleasure and enjoyment?” 
“Is it important to you to live as long as possible, despite suffering, or to live 
without suffering for a shorter period of time?”

�Exploring Concerns or Worries

•	 “What concerns you the most about dialysis?” “What worries you the most about 
your future?”

�Exploring Limitations

•	 “Are their circumstances that would make your life not worth living?” “What 
level of function or independence is critical for you to have for an acceptable 
quality of life?” “In what situations do you think you would not want to continue 
dialysis?”

Some important communication strategies to encourage patients to share their 
goals and values include: (1) the use of open-ended questions, (2) minimal verbal 
(ex: “Hmm” or “Ah” or “Then?”) and non-verbal (eye contact, nodding, and leaning 
forward) leads, (3) repetition (repeating key points so that the patient feels heard), 
(4) paraphrasing and reflecting (to ensure understanding of the patients’ meaning), 
(5) clarifying responses (to help better understand the patients’ feelings and allow 
the patient to reflect), and (6) lastly summarizing (to ensure that the patients’ main 
message was appreciated) [58].

�Make a Recommendation and Create a Care Plan

After evaluating and discussing the patient’s overall medical condition, prognosis, 
and treatment options, and learning about what is most important to the patient, a 
recommendation can be formulated by translating the patient’s priorities and esti-
mated prognosis into a proposed treatment plan. Patients however may identify sev-
eral priorities to which some may be contradictory. For example, an 87-year-old 
male with CKD, multiple comorbidities, and frailty may express that he hopes to 
spend as much time together with his wife and die peacefully in his home yet also 
wants to maintain his independence and live as long as he can with his wife. Explore 
these incongruent priories further to gain a better understanding of the patient’s 
goals and focus on the priorities that are more attainable based on the patient’s 
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prognosis and treatment options. Therefore, in this patient with advanced CKD, as 
dialysis will likely not provide survival benefits over CCC, focus on the patient’s 
priorities of time at home, maintaining the function, and a peaceful death to help 
formulate a treatment plan. Next, seek permission to make a recommendation by 
asking “Would it be helpful if I offered a recommendation?” Allow patients time to 
process the recommendation. Aligning the concept of making a recommendation 
with SDM, patients have the option to accept or decline a recommendation support-
ing their autonomy. If a patient/family does not accept the recommendation provide 
continued support by acknowledging the difficult situation, expressing commitment 
to working with the patent and family, and emphasizing the importance of contin-
ued open communication to develop a patient-centered care plan and arrange fol-
low-up [59]. If the patient accepts the recommendation, re-review the discussion 
and recommendation, and outline a care plan together with the patient/family. 
Document the ACP discussion and notify relevant providers.

ACP discussions in patients with kidney disease should also include discussion 
of other life-sustaining treatment options such as cardiopulmonary resuscitation and 
intubation, artificial support, and end-of-life care planning. A health care proxy 
should be identified, and appropriate advanced directives should be completed to 
align with the patient’s care plan.

�Comprehensive Conservative Care

The goal of CCC is to optimize quality of life and live well without dialysis [66]. 
The Kidney Disease Improving Global Outcomes (KDIGO) conference on support-
ive care in 2013 and the Kidney Supportive Care Research Group (KSCRG: 
University of Alberta), have proposed clinical structures for CCC.  The recom-
mended process of CCC includes [1, 14, 66] the following:

•	 Continued shared decision-making as needed to support preference-based care.
•	 Clinical interventions that focus on patients’ goals.

–– A tailored approach to CKD medical management to protect remaining kid-
ney function, manage complications, and mitigate adverse events with the 
goal of enhancing quality of life.

–– Frequent symptom assessment with active management.

•	 Advanced care planning to identify the patient’s wishes for (1) management of a 
crisis (an acute event or uncontrolled symptoms) and (2) end-of-life care, to 
include discussion of hospice.

•	 Consideration for referral (based on available resources) to specialty palliative 
care to incorporate an interdisciplinary team to help address complex symptom 
management and existential distress and provide psychosocial and spiritual sup-
port to patients and their families.

T. Kaur and E. Figuracion



321

•	 Referral to case management to optimize services to help support patient’s indi-
vidual health care needs.

•	 Re-evaluation of the CCC plan based on patient’s preferences as their clinical 
course advances.

The role and trajectory of CCC are highly variable and dependent upon the 
patient’s kidney (eGFR 10–15 mL/min/1.73 m2 vs. 5 mL/min/1.73 m2) and overall 
medical condition and associated prognosis. Care may initially focus on preserving 
kidney function and managing complications of CKD alongside symptom manage-
ment and later transition to symptom management and comfort closer to the end of 
life [14]. The frequency of clinical assessments and laboratory analysis will also 
change and initially may be ~ every 1–3 months and later become more infrequent 
with a need to transition to home-based care (to include hospice care) [1].

Given the paucity of data on CKD and symptom management in CCC, in 2015 a 
clinical working group led by the KSCRG and Alberta’s Conservative Kidney 
Management Steering Committee comprising nephrologists, primary care provid-
ers, and palliative care and geriatric physicians, developed recommendations based 
on available evidence and expert opinion for (1) reducing the decline in kidney 
function and managing complications of advanced CKD in the context of address-
ing quality of life (see the following) and (2) symptom management [14, 66–68]. 
The recommendations are as follows:

�Preservative CKD Management

•	 To help reduce decline in renal function, it is recommended to consider discon-
tinuation of renin–angiotensin–aldosterone system (RAAS) inhibitors which can 
contribute to loss of glomerular filtration rate.

•	 Blood pressure targets can be relaxed and for most patients targeting a blood 
pressure less than 160/90 will be appropriate.

•	 Consider stopping statins as it may improve QOL and the side effects (myalgias) 
of statins have been shown to outweigh benefits in patients with life-limiting 
illness.

•	 Utilize diuretics and dietary sodium restriction as needed to optimize volume 
status in patients with dyspnea and bothersome lower extremity edema.

•	 To prevent fatigue and dyspnea, when indicated from an overall QOL standpoint, 
manage anemia using iron (oral ±  IV based on tolerability and response with 
goal TSAT approximately >20%) and erythropoiesis-stimulating agents (ESAs) 
with goal Hg ~9 to 11 g/dL.

•	 Consider treatment of metabolic acidosis with prescription oral sodium bicar-
bonate or baking soda (sodium bicarbonate 650 mg tablet = ~1/8th teaspoon of 
baking soda) (goal CO2 ~22 to 27 mmol/L) if fatigue, bone loss, muscle wasting, 
and malnutrition are affecting physical function and QOL and the patient is able 
to swallow and tolerate the medication burden.
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•	 Regarding bone-mineral disease or calcium and phosphate metabolism, the rec-
ommendation is to stop monitoring the parathyroid hormone and re-educate 
patients and their families on liberalizing diet to optimize nutrition and 
QOL. Management of hyperphosphatemia with a moderate-phosphate-restricted 
diet ± phosphorous binders can be considered to treat restless leg syndrome and 
address myalgias, arthralgias, and pseudogout. Low-dose activated vitamin D 
(starting dose Calcitriol 0.25 mg PO three times per week) can also be used to 
prevent weakness, fatigue, and muscle loss.

�Symptom Management

The above recommendations for CKD medical management in CCC should be 
applied based on the patient’s overall condition and functional status. A web-site 
called Conservative Kidney Management (https://www.ckmcare.com/
PractitionerPathway/AtAGlance) is a comprehensive resource to guide health care 
professionals in supporting patients on CCC and educating patients and their fami-
lies about CCC [66].

�Transitions in Dialysis

�Time Limited Trial of Dialysis

In patients with advanced CKD and AKI when (1) the prognosis with dialysis is 
unclear or (2) there is a conflict between the nephrologist and patient/family or 
among providers about initiating dialysis, the use of a time-limited trial (TLT) of 
dialysis can promote preference-based care and increase informed-decision making 
to resolve conflicts, respectively [36, 69–71]. A time-limited trial (TLT) of dialysis 
is a goal-directed trial of dialysis over a defined period to determine if dialysis can 
help the patient achieve their specific goals without significant burden or suffering 
[36, 69–71]. This patient-centered process is guided by clinical markers of improve-
ment or decline. Schell et al. coined the phrases (1) “patient-specific milestones”, 
the goals that the patient hopes to attain with dialysis, to identify the parameters of 
dialysis success, and (2) “pause points”, health conditions or situations that are 
unacceptable to the patient (critical limitations), to identify circumstances that the 
patient would not want to continue dialysis [36].

It is important to communicate with the patient and family that the hope is for the 
patient to benefit from dialysis based on their goals; however, if the patient’s prede-
termined milestones are not achieved with dialysis or critical limitations develop, 
stopping dialysis and providing maximum comfort may best align with the patient’s 
wishes [36]. A TLT of dialysis can also give patients and families time to process the 
patient’s condition and prepare for the end of life [67]. The timeframe to evaluate 
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the benefits and burdens of dialysis will vary based on the individual and whether 
the patient has AKI or progressive CKD. Generally, patients with AKI are critically 
ill in the hospital and therefore require reassessment on a scale of days to weeks. 
Whereas patients with kidney failure may require re-evaluation closer to weeks to 
months after the initiation of dialysis [36, 69]. During re-evaluation meetings it is 
important to consider that as patients’ clinical courses unfold, they can experience 
different phases of their illness and their milestones and pause points may also 
change. The patient’s care plan should be flexible and redirected based on their new 
outlook and goals [36].

The main purposed components for the framework of a TLT of dialysis include 
the following [36, 69–72].

•	 Involve the patient’s support system to include their health care decision maker, 
family, and friends as desired in this process. Also include other relevant provid-
ers as needed and consider incorporating specialty palliative care for additional 
psychosocial and spiritual support and conflict resolution.

•	 Discuss the uncertainty in the patient’s time- and function-based prognosis and 
the potential benefits and burdens of dialysis.

•	 Explore the patients’ goals, values, and priorities.
•	 Introduce the purpose of a TLT of dialysis. If appropriate, based on the patients’ 

specific goals, suggest a TLT of Dialysis.
•	 Elicit “patient-specific milestones” and “pause points”.
•	 Discuss how the “patient-specific milestones” and “pause points” will help guide 

whether to continue or discontinue dialysis at the end of a time-limited trial of 
dialysis.

•	 Determine a medically appropriate time frame to evaluate the effect of dialysis.
•	 Summarize the proposed care plan and check for patient/family understanding.
•	 Document the conditions of the TLT of dialysis (who was present, what was 

discussed, the rationale for TLT, the identified milestones and pause points, the 
length of the trial, and potential actions at the end of the trial).

•	 At the purposed timeframe evaluate the patient’s/family’s perspective of the 
impact of dialysis on the individual [How do you think you are doing overall? Do 
you feel that dialysis is helping you meet your goals? Do you feel burdened by 
dialysis?]. Through this discussion, re-assess the “patient-specific milestones” 
and “pause points”. If the decision is to continue with dialysis, negotiate another 
timeframe to reassess the effect of dialysis. If the patient/family wishes to stop 
dialysis, implement or create an end-of-life care plan. 

�Palliative Dialysis

As dialysis therapy itself can negatively affect a patient’s healthcare experience, in 
addition to implementing primary palliative care skills to support dialysis patients, 
a palliative approach to dialysis therapy is also needed [71, 73]. Burdens related to 
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dialysis therapy include (1) physical and psychological/emotional symptoms, (2) 
cognitive impairment and physical function decline, (3) dialysis treatment and 
transport time, (4) procedures for dialysis access, (5) complications of dialysis 
(infection, hypotension) which can result in hospitalizations, (6) dietary restrictions, 
(7) high pill burden, (8) social (loss of employment and change in social standing in 
the community and family) and (9) economic impacts.

Palliative dialysis, or a palliative approach to dialysis, is a patient-goal concor-
dant approach to dialysis that focuses on improving QOL and reducing symptom 
burden and transitions away from conventional dialysis where the goal is to opti-
mize rehabilitation and survival. There is no currently available data on outcomes 
with palliative dialysis, but the intent is to tailor dialysis based on the patient’s per-
sonal goals to reduce suffering. For individuals who have a limited life expectancy 
(approximately <1 year) and dialysis is negatively impacting their QOL and inter-
fering with their personal goals, in addition to the option of stopping dialysis, a 
palliative approach to dialysis could be considered. Palliative dialysis in some cir-
cumstances could represent a transition to withdrawal of dialysis by giving patients 
and their families more time together as well as time to process the patient’s condi-
tion and prepare for the end of life [73].

Grubbs et al. proposed a palliative approach to dialysis that includes (1) the use 
of central venous catheters to reduce procedural burden, (2) acceptance of lower 
dialysis adequacy to reduce the burden of dialysis time, (3) allowance of hyperten-
sion to avoid symptoms, (4) liberalization of diet (more permissive hyperphospha-
temia and hyperparathyroidism) to help support nutrition and QOL, (5) simplified 
medication regimens (stop statins), and (6) reduced laboratory monitoring. However, 
there are several providers (comfort with primary palliative care skills), economical, 
and infrastructural barriers (need for staff-assisted home dialysis and hospice sup-
port for patients actively on dialysis) to palliative dialysis. Economically, the current 
incentivized reimbursement model for dialysis patients is based on attaining perfor-
mance metrics that were designed for conventional disease-directed dialysis and 
include measures of dialysis adequacy, hemoglobin, and phosphorous levels, and 
reducing central venous catheter use. These metrics do not align with a palliative 
approach to dialysis and this patient-centered care can financially impact dialysis 
providers. Policy and infrastructural changes are needed for the widespread clinical 
application of palliative dialysis [1, 71, 73].

�Withdrawal from Dialysis

The second most common reason for death in dialysis patients is the elective with-
drawal of dialysis. Rates of dialysis withdrawal in the US are variable and have been 
reported to be as low as ~10% and as high as ~50% [11, 74, 75]. In a single-center 
US study of maintenance hemodialysis patients, acute medical complications 
(51%), failure to thrive/frailty (22%), and chronic debility (18%) were the most 
common reasons for withdrawal [11]. Other factors associated with dialysis 
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withdrawal include older age, Medicaid insurance (a marker for impoverishment), 
disability (OR 31.2), palliative care consult within 6 months, and hospitalizations 
within 30 days [11, 74, 75]. Comorbidity burden has not been found to be associated 
with dialysis withdrawal which supports studies that demonstrate perceived QOL in 
ESRD patients is not associated with comorbidities [74]. After withdrawal of dialy-
sis, median survival is approximately 7 days but is variable and dependent upon the 
individuals’ residual renal function and overall medical condition [11]. Hospice is 
utilized in only ~20% of dialysis patients and is more commonly provided to 
patients who electively withdrew from dialysis (37% vs. 7% non-withdrawals) [11].

It is important to identify patients receiving maintenance dialysis who are declin-
ing and approaching the end of life. Re-addressing their “patient-specific mile-
stones” and “pause points” will highlight the benefits and burdens of dialysis and 
determine if dialysis is helping the patient attain their goals or is rather prolonging 
their suffering. These discussions can help the patient and their family process and 
prepare for the end of life and may result in the consideration of palliative dialysis 
or withdrawal from dialysis. Other patients may independently voice their desire to 
stop dialysis, prompting the need for goals of care discussion.

The following outlines a process to approach all patients who are contemplating 
withdrawal from dialysis [36, 71]:

	1.	 Assess the patient’s decision-making capacity and overall understanding of dial-
ysis and what will happen if the patient stops dialysis. If the patient does not 
have decision-making capability, involve the patient’s health care 
decision-maker.

	2.	 Holistically explore from a physical, psychosocial, and spiritual perspective the 
underlying reasons why the patient/surrogate is considering withdrawing from 
dialysis.

	3.	 Identify and address potential modifiable factors:

	 (a)	 Physical:

•	 Underlying medical diseases.
•	 Challenges with dialysis treatment to include dialysis modality and time, 

and the location of the dialysis center (distance from home).
•	 Uncontrolled symptoms.

	 (b)	 Psychological: Depression or anxiety.
	 (c)	 Social: Feelings of being a burden to one’s family. Other personal conflicts.
	 (d)	 Economical: Burden of the cost of continued treatment, medications, diet 

restrictions, and transportation.
	 (e)	 Existential and spiritual distress.

	4.	 After identifying and attempting to modify these factors, if the patient/surrogate 
continues to express that they want to stop dialysis their wishes should be 
respected.

	5.	 Counsel the patient/surrogate on survival after stopping dialysis and create an 
end-of-life care plan with a recommendation for hospice care and completion of 
the POLST (Physician Orders for Lift Sustaining Treatment) form [71].

17  Kidney Supportive Care



326

Table 17.1  Domains of signs/symptoms and life impacts in patients with CKD and ESKD [4]

Signs and symptoms (prevalence 
(%)) Life impacts (prevalence (%))

Pain/discomfort (57%): bodily pain/
discomfort, muscle pain/cramps, 
muscle soreness, feeling unwell, 
dizziness

Psychological/emotional strain (49%): anxiety, 
depression, mood changes/disorders/irritability, impact on 
self-image

Energy/fatigue (42%): fatigue, lack 
of energy, lethargy, tiredness, 
shortness of breath, weakness

Cognitive impairment (27%): memory, attention, 
concentration, confusion

Sleep-related (28%): poor sleep 
quality, difficulty sleeping, daytime 
sleepiness, short sleep duration, 
restless legs syndrome, drowsiness

Dietary habit disruption (23%): avoid specific foods, 
control the amount of food, restrict the volume of liquid 
intake, difficulty knowing foods permitted

GI-related: (18% anorexia, 18% 
nausea): general GI symptoms, 
nausea, appetite loss/anorexia, 
constipation, diarrhea

Physical function decrement (43%): inability to work or 
difficulties working, unable to practice self-care (dressing, 
transferring), physical limitations, limited activity 
performance, mobility limitation

Urinary-related: frequent urination, 
restricted ability to urinate, nocturia, 
urinary tract infections

Interference with social relationships (34%): negative 
impact on sexual life. General social impact, negative 
impact on families, marriages, and social circles, and 
decreased social interactions had a prevalence of <50%, 
however are common in clinical practice

Skin, hair, nails related (25%): 
itching/pruritus, dry skin, skin 
infections, hypothermia, nail 
deterioration

Other: poor general health perception

Other: taste alteration, thirst, 
macrovascular/microvascular 
diabetic complications, pallor

�Symptom Assessment and Management

Patients with CKD and ESKD experience significant symptom burden and impact 
on health-related quality of life. Symptom etiology is multifactorial and is a result 
of the progression of kidney disease, comorbid conditions, and the treatment of 
kidney disease, such as dialysis. The burden of these symptoms and their impact on 
quality of life can increase as the patient’s kidney disease and overall medical condi-
tion progress [4]. Understanding the patient’s experience of kidney disease helps 
identify symptoms to develop management strategies and guides informed treat-
ment decisions [2, 4].

Flythe et al. conducted an extensive literature review of signs/symptoms and the 
impact on QOL reported by patients with CKD and ESKD and developed a compre-
hensive categorization. Seven domains of signs and symptoms and six domains of 
life impacts were identified [4] (Table 17.1).

Studies suggest that the nephrology community is not adept at recognizing and 
treating symptoms of kidney disease. However, this is an essential component in the 
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supportive care of kidney patients and should be conducted across all care settings, 
to include clinics, hospitals, and dialysis centers [1]. Unless patients are directly 
asked, many will not express their symptoms to their providers. Thus, symptom 
assessment tools can be utilized to assist providers in identifying symptoms by pro-
moting patient communication and monitoring a patient’s symptoms over time. The 
following are current validated tools for symptom assessment [1]:

•	 Integrated Palliative Care Outcome Scale Renal (IPOS-Renal).
•	 Edmonton Symptom Assessment Revised: Renal (ESAS-Renal).
•	 Dialysis Symptom Index (DSI).
•	 Pain assessment: Brief Pain Inventory.

The management of symptoms not only includes pharmacologic and nonphar-
macologic approaches to address symptoms directly, but also requires (1) evaluation 
of reversible underlying conditions that could be contributing to the symptoms and 
(2) understanding the nature (physical, psychological, social, and spiritual) and 
extent of the patient’s symptoms to guide appropriate therapies (Table  17.2). 
Pharmacological treatments have some limitations, and it is important to help man-
age patient’s expectations. Incorporating an interdisciplinary team composed of 
social workers, chaplains, counselors, and specialty palliative care can help address 
the multifaceted nature of symptoms also known as total symptoms [1].

�End of Life Care

Due to current national policy, hospice care in kidney disease is limited to patients 
with kidney failure who forgo dialysis and opt for CCC and patients who electively 
withdraw from dialysis. Patients receiving maintenance dialysis can qualify for hos-
pice if the patient has an estimated prognosis of 6 months and a poor prognosis is 
associated with a diagnosis other than kidney failure (e.g., malignancy, dementia, 
etc.). Therefore, patients receiving maintenance dialysis with a prognosis of 
<6  months without such conditions are not eligible for hospice care until they 
choose to withdraw from dialysis. Patients who elected CCC also have barriers to 
hospice care. Medications routinely used to manage complications of advanced 
CKD such as ESAs for anemia-related symptoms and newer-generation potassium 
binders (patiromer and sodium zirconium cyclosilicate) are generally not included 
in hospice formularies [82]. Specialty palliative care can be incorporated in patients 
of all ages at any stage of kidney disease and should be utilized to fill the current 
gaps in hospice care in the US [15].
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Table 17.2  General approach to symptom management for patients with CKD and ESRD [1, 
67, 76–81]

Symptom
Causes: address possible 
reversible factors

Pharmacological 
treatment
(Dose adjustment based 
on eGFR and dialysis 
status)

Nonpharmacological 
treatment

Pain – Metabolic derangements 
leading to bone disease
– Peripheral neuropathy
– Musculoskeletal: 
osteoarthritis

– Utilize the WHO 
analgesic ladder
– Avoid morphine, 
codeine, hydrocodone, 
tapentadol, meperidine, 
and extended-release 
tramadol
– Safer opioids: 
oxycodone, tramadol, 
fentanyl, dilaudid, and 
methadone
– Neuropathy: 
gabapentin/pregabalin, 
duloxetine (avoid in 
dialysis)/venlafaxine, 
tramadol, amitriptyline, 
methadone, or topical 
lidocaine and capsaicin

– PT, OT, heat/cold 
therapies
– Cognitive behavioral 
therapy, relaxation 
therapies/guided imagery, 
other forms of 
psychotherapy
– Spine or joint 
injections, neurolytic 
blocks, spinal analgesics
– Complementary: 
acupuncture, massage, 
music, and art therapy

Fatigue – Dialysis-related 
hypotension
– Rapid osmotic shifts 
during dialysis
– Mood and sleep disorders
– Malnutrition
– Anemia
– Medication side effects
– Metabolic acidosis
– Hypo-/hyperthyroidism, 
adrenal insufficiency
– Vitamin D deficiency

– Erythropoietin (EPO) 
and iron (IV/PO) for 
treatment of anemia
– Evaluate and treat 
underlying conditions

– Exercise and PT if 
tolerated
– Sleep hygiene
– Nutrition optimization
– Energy conservation 
strategies
– Complementary 
treatments

Sleep 
disturbance

– May be related to pain or 
other symptoms
– Primary sleep disorders
– Sleep apnea
– Restless legs syndrome 
(RLS)

– Sleep aid medication if 
other disorders are 
excluded: eszopiclone/
zolpidem/zaleplon, 
trazodone, mirtazapine, 
doxepin, melatonin
– RLS: gabapentin, 
pramipexole/ropinirole/
rotigotine

– Sleep hygiene 
techniques
– Exercise if tolerated

(continued)
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Table 17.2  (continued)

Symptom
Causes: address possible 
reversible factors

Pharmacological 
treatment
(Dose adjustment based 
on eGFR and dialysis 
status)

Nonpharmacological 
treatment

Pruritus – Uremic: complex 
mechanisms; secondary 
hyperparathyroidism, 
hyperphosphatemia, 
calcium phosphate 
deposition in the skin
– Xerosis
– Anemia
– Primary dermatological 
conditions
– Other systemic condition

– Gabapentin, pregabalin
– Difelikefalin (dialysis 
patients)
– Phosphate binders, 
1,25 di-OH vitamin D
– EPO and iron (IV/PO)

– Dietary phosphate 
restriction
– Emollient therapy for 
dry skin
– Avoidance of extreme 
temperatures
– Can consider: UVB 
therapy, acupuncture

Anorexia – Uremia
– GI: dysgeusia, 
gastroparesis, mechanical
– Nausea and vomiting
– Dry mouth (medication 
induced)

– Antiemetics (see 
below)
– If no response, trial of 
appetite stimulants: 
dronabinol, mirtazapine, 
olanzapine
– Dry mouth: saliva 
substitute, lip balm, 
stimulation of saliva with 
sour foods/candies

– Liberalize dietary 
restrictions

Depression – Multifaceted syndrome: 
metabolic, psychosocial, 
spiritual, and existential

– First line: selective 
serotonin reuptake such 
as sertraline

– Exercise
– Cognitive behavioral 
therapy

Nausea/
vomiting

– Uremia
– Medications
– GI: constipation, delayed 
gastric emptying

– Ondansetron, 
metoclopramide, 
olanzapine or haloperidol

– Small, regular meals
– Avoid strong smells and 
alcohol
– Manage constipation
– Oral hygiene
– Relaxation therapies, 
acupuncture

Dyspnea – Pulmonary edema or 
infection
– Anxiety
– Anemia

– Treat underlying 
conditions: diuretics, 
antibiotics, EPO + iron 
(IV/PO)
– Consider low-dose 
opioids near the end of 
life

– Fans
– Careful positioning
– Relaxation techniques

eGFR estimated glomerular filtration rate, GI gastrointestinal, OT occupational therapy, PT physi-
cal therapy, UVB ultraviolet B
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�Case Presentation Continued

The nephrologist communicates the importance of talking more about his kidney 
condition and about the next steps. He asks Henry a series of questions about his 
information preferences, and Henry replies “Don’t hold anything back doctor. I 
want to know everything. I want to know how much time I have left and what my 
life might look like.” Together they decide to have a meeting in 2-weeks and Henry 
would like to have the support of his stepdaughter and friend. The nephrologist 
elicits that his stepdaughter is his health care proxy.

In the interim, his nephrologist reviews Henry’s medical record and communi-
cates with his primary care provider to gain a better picture of his medical condition. 
Henry is of advanced age (83 years old), has multiple comorbidities, is displaying 
physical frailty but no recent falls, has a Karnofsky Performance Scale (KPS) of 70, 
does not have evidence of cognitive impairment on Montreal Cognitive Assessment, 
and his albumin level has decreased to 3.4 correlating with his recent weight loss. 
Based on the Kidney Failure Risk Assessment tool his risk of needing dialysis is 
~24% in 2 years and 58% in 5 years. Based on the integrated 6-month mortality 
tool, his mortality rate 6 months after the initiation of dialysis is 35%. His nephrolo-
gist and primary care provider feel that they would not be surprised if the patient 
died in the next year. His nephrologist is very concerned that dialysis may not pro-
vide a survival benefit over CCC and given the patient’s frailty, he will be at higher 
risk for further functional decline, development of cognitive impairment, falls, and 
morbidity, and inpatient mortality.

Two-weeks later, Henry, his stepdaughter Sarah, and his friend Diane meet with 
the nephrologist in the office. After introductions, the nephrologist asks Henry 
“What is your understanding of your kidney condition?” Henry explains that he has 
had problems with his kidneys for a very long time but more recently his kidneys 
have gotten much worse. He also expresses that he does not know much about dialy-
sis. The nephrologist elicits Sarah and Diane’s understanding as well. He then asks 
permission to share more information about Henry’s overall medical condition, 
treatment options (dialysis and CCC), and prognosis. To communicate prognosis, 
his nephrologist draws a diagram explaining the best, most likely, and worse-case 
scenarios of dialysis vs. CCC based on the patient’s prognosis. Through this discus-
sion, Henry, Sarah, and Diane were able to clarify questions regarding dialysis, 
CCC, symptom burden, and what life may look like on dialysis. Henry also started 
to voice concerns about each pathway and his nephrologist prompted Henry to tell 
him more about these concerns and fears and asked about his hopes and expecta-
tions for the future. Henry expressed that his main goals are to maintain his indepen-
dence and continue to live in the independent section of his ALF. He also hopes to 
improve his appetite so he can eat the food he loves and have more energy to social-
ize with his neighbors. He expresses a desire that he never wants to live in a nursing 
home and stated, “I rather die than be in a nursing home” and he does not want to 
die in the hospital. He is very concerned about dialysis and feels uneasy with the 
idea of needing procedures and possibly even having to go to the hospital because 
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of a problem. Henry becomes visibly overwhelmed with this decision process. His 
nephrologist asked Henry if it would be helpful if he made a recommendation and 
Henry expressed that he would like to hear his opinion. His nephrologist states, “It 
sounds like most of your goals are about trying to feel better, maintaining your 
independence, and spending time with your family and friends. I can hear that living 
in a nursing home is unacceptable to you and you are very concerned about dialysis 
and its complications. Based on this, I recommend CCC.” Henry exhales a sigh of 
relief and states “I agree. At this time, I just want to enjoy the time I have left with 
Sarah and Diane and when my time comes let me go.” Sarah and Diane support 
Henry’s decision. Henry and his nephrologist establish a CCC plan and Henry also 
elects to be DNR/DNI. He is started on mirtazapine to help with sleep, appetite, and 
depression which was later identified by his nephrologist.

Eight months later Henry’s priorities shift, and he now expresses that his most 
important goal is to be alive to meet his first great-grandchild who will be born in 
2-months. His eGFR is now 5 mL/min/1.73 m2, and he has intermittent hyperkale-
mia despite high dose patiromer, and shows diuretic resistance with lower extremity 
edema and dyspnea on exertion. His nephrologist organizes another goals of care 
discussion with Henry and Sarah, and based on his new priorities, together they 
decide to conduct a trial of dialysis. Henry’s “milestones” with dialysis are to (1) 
live long enough to meet his great-grandchild and (2) improve his symptoms of 
shortness of breath and lower extremity edema which are now affecting his mobil-
ity. He explicitly states his “pause points” and expresses that he would want to stop 
dialysis if he could no longer care for himself and needed to go to a nursing home. 
They decide that they will re-evaluate how he is doing 1-month after he initiates 
dialysis.

A tunneled dialysis catheter is placed successfully, and Henry is started on dialy-
sis. At the 1-month re-assessment, Henry reports that he is feeling much better 
regarding his leg swelling and breathing and continues to live in his ALF. However, 
he is very tired all the time, feels that dialysis days are very long, and his appetite 
remains poor. Henry is motivated by his goals to continue with dialysis and 1 month 
later he meets his new great-granddaughter. Shortly thereafter Henry starts to 
become weaker and has a prolonged complicated hospitalization resulting in him no 
longer being able to care for himself in his home environment. His nephrologist 
meets him in the hospital and after a long conversation with Henry, Sarah, and 
Diane, Henry makes the decision to stop dialysis. As per Henry’s wishes, home 
hospice is arranged in Sarah’s home, and Henry dies 10 days later surrounded by his 
family and friends.

�Conclusion

Kidney supportive care is a comprehensive care model that focuses on improving 
the lives of patients with kidney disease. Patient-centered communication to guide 
preference-based care, symptom recognition and management, and end-of-life care 
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are essential components to support elderly patients with kidney disease. There are 
many barriers to translating this care model into a system-wide clinical practice, 
including education, the development of an infrastructure, and current medical poli-
cies. The intent of this chapter is to educate and empower all providers taking care 
of patients with kidney disease to practice kidney palliative care skills to optimize 
the care of this unique patient population.
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