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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, 

1  The Elderly Patient with Kidney Disease: Overview and Evaluation



6

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 
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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.
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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.

A. G. D. Corona et al.



51

�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
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	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.

References

1.	Bugnicourt JM, Godefroy O, Chillon JM, Choukroun G, Massy ZA. Cognitive disorders and 
dementia in CKD: the neglected kidney-brain Axis. J Am Soc Nephrol. 2013;24:353–63.

2.	Owens DK, Davidson KW, Krist AH, et al. Screening for cognitive impairment in older adults: 
US preventive services task force recommendation statement. JAMA. 2020;323:757–63.

3.	Tamura MK, Yaffe K. Dementia and cognitive impairment in ESRD: diagnostic and therapeu-
tic strategies. Kidney Int. 2011;79:14–22.

4.	Folstein MF, Folstein SE, McHugh PR. ‘Mini-mental state’. A practical method for grading the 
cognitive state of patients for the clinician. J Psychiatr Res. 1975;12:189–98.

5.	Tsoi KKF, Chan JYC, Hirai HW, Wong SYS, Kwok TCY. Cognitive tests to detect dementia: a 
systematic review and meta-analysis. JAMA Intern Med. 2015;175:1450–8.

6.	Tombaugh TN, McIntyre NJ. The mini-mental state examination: a comprehensive review. J 
Am Geriatr Soc. 1992;40:922–35.

7.	Borson S, Scanlan JM, Chen P, Ganguli M. The mini-cog as a screen for dementia: validation 
in a population-based sample. J Am Geriatr Soc. 2003;51:1451–4.

8.	Borson S, Scanlan J, Brush M, Vitaliano P, Dokmak A.  The mini-cog: a cognitive ‘vital 
signs’ measure for dementia screening in multi-lingual elderly. Int J Geriatr Psychiatry. 
2000;15:1021–7.

N. N. Muñoz Casablanca et al.



75

9.	Lin JS, O’Connor E, Rossom RC, Perdue LA, Eckstrom E. Screening for cognitive impair-
ment in older adults: a systematic review for the U.S. preventive services task force. Ann Intern 
Med. 2013;159:601–12.

10.	 Inouye SK, Van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying confusion: 
the confusion assessment method: a new method for detection of delirium. Ann Intern Med. 
1990;113:941–8.

11.	Marcantonio ER, Ngo LH, O’Connor M, et  al. 3D-CAM: derivation and validation of a 
3-minute diagnostic interview for CAM-defined delirium: a cross-sectional diagnostic test 
study. Ann Intern Med. 2014;161:554–61.

12.	King-Wing Ma T, Kam-Tao LP.  Depression in dialysis patients. Nephrology (Carlton). 
2016;21:639–46.

13.	Kimmel PL, Fwu CW, Abbott KC, et  al. Psychiatric illness and mortality in hospitalized 
ESKD dialysis patients. Clin J Am Soc Nephrol. 2019;14:1363–71.

14.	Hybels CF, Blazer DG.  Epidemiology of late-life mental disorders. Clin Geriatr Med. 
2003;19:663–96.

15.	Rinaldi P, Mecocci P, Benedetti C, et al. Validation of the five-item geriatric depression scale in 
elderly subjects in three different settings. J Am Geriatr Soc. 2003;51:694–8.

16.	Watnick S, Wang PL, Demadura T, Ganzini L.  Validation of 2 depression screening tools 
in dialysis patients. Am J Kidney Dis. 2005;46(5):919–24. https://doi.org/10.1053/j.
ajkd.2005.08.006. PMID: 16253733.

17.	Papakonstantinopoulou K, Sofianos I.  Risk of falls in chronic kidney disease. J Frailty 
Sarcopenia Falls. 2017;2(2):33–8. PMID: 32300681; PMCID: PMC7155375.

18.	Panel on Prevention of Falls in Older Persons, American Geriatrics Society and British 
Geriatrics Society. Summary of the updated American Geriatrics Society/British geriatrics 
society clinical practice guideline for prevention of falls in older persons. J Am Geriatr Soc. 
2011;59(1):148–57. https://doi.org/10.1111/j.1532-5415.2010.03234.x. PMID: 21226685.

19.	Fleming KC, Evans JM, Weber DC, Chutka DS. Practical functional assessment of elderly per-
sons: a primary-care approach. Mayo Clin Proc. 1995;70(9):890–910. https://doi.org/10.1016/
S0025-6196(11)63949-9. PMID: 7643645.

20.	Nordin E, Lindelöf N, Rosendahl E, Jensen J, Lundin-Olsson L. Prognostic validity of the 
timed up-and-go test, a modified get-up-and-go test, staff's global judgement and fall history 
in evaluating fall risk in residential care facilities. Age Ageing. 2008;37(4):442–8. https://doi.
org/10.1093/ageing/afn101. Epub 2008 May 30. PMID: 18515291.

21.	Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for 
clinical practice and public health. Lancet. 2019;394(10206):1365–75. https://doi.org/10.1016/
S0140-6736(19)31786-6. PMID: 31609228.

22.	Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in community-
dwelling older persons: a systematic review. J Am Geriatr Soc. 2012;60(8):1487–92. https://
doi.org/10.1111/j.1532-5415.2012.04054.x. Epub 2012 Aug 6. PMID: 22881367.

23.	Bao Y, Dalrymple L, Chertow GM, Kaysen GA, Johansen KL.  Frailty, dialysis initiation, 
and mortality in end-stage renal disease. Arch Intern Med. 2012;172(14):1071–7. https://doi.
org/10.1001/archinternmed.2012.3020. PMID: 22733312; PMCID: PMC4117243.

24.	Johansen KL, Chertow GM, Jin C, Kutner NG. Significance of frailty among dialysis patients. 
J Am Soc Nephrol. 2007;18(11):2960–7. https://doi.org/10.1681/ASN.2007020221. Epub 
2007 Oct 17. PMID: 17942958.

25.	Shen Z, Ruan Q, Yu Z, Sun Z.  Chronic kidney disease-related physical frailty and cogni-
tive impairment: a systemic review. Geriatr Gerontol Int. 2017;17(4):529–44. https://doi.
org/10.1111/ggi.12758. Epub 2016 May 31. PMID: 27240548.

26.	Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy 
R, Kop WJ, Burke G, McBurnie MA.  Cardiovascular health study collaborative research 
group. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146–56. https://doi.org/10.1093/gerona/56.3.m146. PMID: 11253156.

5  Geriatric 5Ms in Patients with Kidney Disease

https://doi.org/10.1053/j.ajkd.2005.08.006
https://doi.org/10.1053/j.ajkd.2005.08.006
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://doi.org/10.1016/S0025-6196(11)63949-9
https://doi.org/10.1016/S0025-6196(11)63949-9
https://doi.org/10.1093/ageing/afn101
https://doi.org/10.1093/ageing/afn101
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1001/archinternmed.2012.3020
https://doi.org/10.1001/archinternmed.2012.3020
https://doi.org/10.1681/ASN.2007020221
https://doi.org/10.1111/ggi.12758
https://doi.org/10.1111/ggi.12758
https://doi.org/10.1093/gerona/56.3.m146


76

27.	Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, Mitnitski A. A 
global clinical measure of fitness and frailty in elderly people. CMAJ. 2005;173(5):489–95. 
https://doi.org/10.1503/cmaj.050051. PMID: 16129869; PMCID: PMC1188185.

28.	Pugh J, Aggett J, Goodland A, Prichard A, Thomas N, Donovan K, Roberts G. Frailty and 
comorbidity are independent predictors of outcome in patients referred for pre-dialysis educa-
tion. Clin Kidney J. 2016;9(2):324–9. https://doi.org/10.1093/ckj/sfv150. Epub 2016 Jan 29. 
PMID: 26985387; PMCID: PMC4792625.

29.	Alfaadhel TA, Soroka SD, Kiberd BA, Landry D, Moorhouse P, Tennankore KK.  Frailty 
and mortality in dialysis: evaluation of a clinical frailty scale. Clin J Am Soc Nephrol. 
2015;10(5):832–40. https://doi.org/10.2215/CJN.07760814. Epub 2015 Mar 4. PMID: 
25739851; PMCID: PMC4422241.

30.	Bhattarai M. Geriatric issues in older dialysis patients. R I Med J. 2016;99(7):15–8. PMID: 
27379352.

31.	Hayward S, Hole B, Denholm R, Duncan P, Morris JE, SDS F, Payne RA, Roderick P, 
Chesnaye NC, Wanner C, Drechsler C, Postorino M, Porto G, Szymczak M, Evans M, Dekker 
FW, Jager KJ, Caskey FJ, EQUAL Study investigators. International prescribing patterns 
and polypharmacy in older people with advanced chronic kidney disease: results from the 
European quality study. Nephrol Dial Transplant. 2021;36(3):503–11. https://doi.org/10.1093/
ndt/gfaa064. PMID: 32543669.

32.	Molnar AO, Bota S, Jeyakumar N, McArthur E, Battistella M, Garg AX, Sood MM, Brimble 
KS. Potentially inappropriate prescribing in older adults with advanced chronic kidney dis-
ease. PLoS One. 2020;15(8):e0237868. https://doi.org/10.1371/journal.pone.0237868. PMID: 
32818951; PMCID: PMC7444541.

33.	Secora A, Alexander GC, Ballew SH, Coresh J, Grams ME. Kidney function, polypharmacy, 
and potentially inappropriate medication use in a community-based cohort of older adults. 
Drugs Aging. 2018;35(8):735–50. https://doi.org/10.1007/s40266-018-0563-1. PMID: 
30039344; PMCID: PMC6093216.

34.	Gallieni M, Cancarini G. Drugs in the elderly with chronic kidney disease: beware of poten-
tially inappropriate medications. Nephrol Dial Transplant. 2015;30(3):342–4. https://doi.
org/10.1093/ndt/gfu191. Epub 2014 Jun 12. PMID: 24923769.

35.	Wong NA, Jones HW.  An analysis of discharge drug prescribing amongst elderly patients 
with renal impairment. Postgrad Med J. 1998;74(873):420–2. https://doi.org/10.1136/
pgmj.74.873.420.

36.	Qato D, Caleb G, Johnson M, Schumm P, Tessler LS.  Use of prescription and over-the-
counter medications and dietary supplements among older adults in the United States. 
JAMA. 2008;300(24):2867. https://doi.org/10.1001/jama.2008.892.

37.	Hall RK, Blumenthal JB, Doerfler RM, Chen J, Diamantidis CJ, Jaar BG, Kusek JW, Kallem 
K, Leonard MB, Navaneethan SD, Sha D, Sondheimer JH, Wagner LA, Yang W, Zhan M, Fink 
JC, CRIC Study Investigators. Risk of Potentially Inappropriate Medications in Adults With 
CKD: Findings From the Chronic Renal Insufficiency Cohort (CRIC) Study. Am J Kidney 
Dis. 2021;78(6):837–845.e1. https://doi.org/10.1053/j.ajkd.2021.03.019. Epub 2021 May 23. 
PMID: 34029681; PMCID: PMC8608689.

38.	Fick DM, Waller JL, Maclean JR.  Potentially inappropriate medication use in a Medicare 
managed care population: association with higher costs and utilization. J Manag Care Pharm. 
2001;7(5):407–13.

39.	Fick DM, Mion LC, Beers MH, Waller JL. Health outcomes associated with potentially inap-
propriate medication use in older adults. Res Nurs Health. 2008;31(1):42–51. https://doi.
org/10.1002/nur.20232. PMID: 18163447; PMCID: PMC2247370.

40.	Muhlack DC, Hoppe LK, Weberpals J, Brenner H, Schöttker B. The Association of Potentially 
Inappropriate Medication at older age with cardiovascular events and overall mortality: a sys-
tematic review and meta-analysis of cohort studies. J Am Med Dir Assoc. 2017;18(3):211–20. 
https://doi.org/10.1016/j.jamda.2016.11.025. Epub 2017 Jan 26. PMID: 28131719.

N. N. Muñoz Casablanca et al.

https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1093/ckj/sfv150
https://doi.org/10.2215/CJN.07760814
https://doi.org/10.1093/ndt/gfaa064
https://doi.org/10.1093/ndt/gfaa064
https://doi.org/10.1371/journal.pone.0237868
https://doi.org/10.1007/s40266-018-0563-1
https://doi.org/10.1093/ndt/gfu191
https://doi.org/10.1093/ndt/gfu191
https://doi.org/10.1136/pgmj.74.873.420
https://doi.org/10.1136/pgmj.74.873.420
https://doi.org/10.1001/jama.2008.892
https://doi.org/10.1053/j.ajkd.2021.03.019
https://doi.org/10.1002/nur.20232
https://doi.org/10.1002/nur.20232
https://doi.org/10.1016/j.jamda.2016.11.025


77

41.	Hyttinen V, Jyrkkä J, Valtonen H.  A systematic review of the impact of potentially inap-
propriate medication on health care utilization and costs among older adults. Med Care. 
2016;54(10):950–64. https://doi.org/10.1097/MLR.0000000000000587. PMID: 27367864.

42.	By the 2019 American Geriatrics Society Beers Criteria® Update Expert Panel. American 
Geriatrics Society 2019 Updated AGS beers criteria® for potentially inappropriate medication 
use in older adults. J Am Geriatr Soc. 2019;67(4):674–94. https://doi.org/10.1111/jgs.15767. 
Epub 2019 Jan 29. PMID: 30693946.

43.	Kondo N, Nakamura F, Yamazaki S, Yamamoto Y, Akizawa T, Akiba T, Saito A, Kurokawa 
K, Fukuhara S. Prescription of potentially inappropriate medications to elderly hemodialysis 
patients: prevalence and predictors. Nephrol Dial Transplant. 2015;30(3):498–505. https://doi.
org/10.1093/ndt/gfu070. Epub 2014 Apr 28. PMID: 24777993.

44.	Parker K, Bull-Engelstad I, Benth JŠ, Aasebø W, von der Lippe N, Reier-Nilsen M, Os I, 
Stavem K. Effectiveness of using STOPP/START criteria to identify potentially inappropriate 
medication in people aged ≥ 65 years with chronic kidney disease: a randomized clinical trial. 
Eur J Clin Pharmacol. 2019;75(11):1503–11. https://doi.org/10.1007/s00228-019-02727-9. 
Epub 2019 Jul 29. PMID: 31359099.

45.	Triantafylidis LK, Hawley CE, Perry LP, Paik JM. The role of Deprescribing in older adults 
with chronic kidney disease. Drugs Aging. 2018;35(11):973–84. https://doi.org/10.1007/
s40266-018-0593-8. PMID: 30284120; PMCID: PMC8150926.

46.	McIntyre C, McQuillan R, Bell C, Battistella M.  Targeted Deprescribing in an outpatient 
hemodialysis unit: a quality improvement study to decrease polypharmacy. Am J Kidney Dis. 
2017;70(5):611–8. https://doi.org/10.1053/j.ajkd.2017.02.374. Epub 2017 Apr 14. PMID: 
28416321.

47.	Kim AJ, Lee H, Shin EJ, Cho EJ, Cho YS, Lee H, Lee JY. Pharmacist-led collaborative medi-
cation Management for the Elderly with chronic kidney disease and polypharmacy. Int J 
Environ Res Public Health. 2021;18(8):4370. https://doi.org/10.3390/ijerph18084370. PMID: 
33924094; PMCID: PMC8074256.

48.	Tip Sheet: The 5Ms of Geriatrics|. HealthInAging.org. https://www.healthinaging.org/tools-
and-tips/tip-sheet-5ms-geriatrics. Accessed 10 Sept 2022.

49.	Snyder JJ, Collins AJ. Association of preventive health care with atherosclerotic heart disease 
and mortality in CKD. J Am Soc Nephrol. 2009;20:1614–22.

50.	Astor BC, Muntner P, Levin A, Eustace JA, Coresh J. Association of kidney function with 
anemia: the third National Health and nutrition examination survey (1988-1994). Arch Intern 
Med. 2002;162:1401–8.

51.	Dalrymple LS, Katz R, Kestenbaum B, et al. The risk of infection-related hospitalization with 
decreased kidney function. Am J Kidney Dis. 2012;59:356–63.

52.	Cardone KE, Bacchus S, Assimon MM, Pai AB, Manley HJ. Medication-related problems in 
CKD. Adv Chronic Kidney Dis. 2010;17:404–12.

53.	Collister D, Pyne L, Cunningham J, Donald M, Molnar A, Beaulieu M, Levin A, Brimble 
KS. Multidisciplinary chronic kidney disease clinic practices: a scoping review. Can J Kidney 
Health Dis. 2019;6:2054358119882667. https://doi.org/10.1177/2054358119882667. PMID: 
31666978; PMCID: PMC6801876.

54.	Devins GM, Mendelssohn DC, Barré PE, Taub K, Binik YM.  Predialysis psychoedu-
cational intervention extends survival in CKD: a 20-year follow-up. Am J Kidney Dis. 
2005;46(6):1088–98. https://doi.org/10.1053/j.ajkd.2005.08.017. PMID: 16310575.

55.	Zurlo A, Zuliani G. Management of care transition and hospital discharge. Aging Clin Exp 
Res. 2018;30:263–70.

56.	Sellars M, Clayton JM, Morton RL, Luckett T, Silvester W, Spencer L, Pollock CA, Walker 
RG, Kerr PG, Tong A. An interview study of patient and caregiver perspectives on advance 
care planning in ESRD.  Am J Kidney Dis. 2018;71(2):216–24. https://doi.org/10.1053/j.
ajkd.2017.07.021. Epub 2017 Nov 11. PMID: 29132946.

5  Geriatric 5Ms in Patients with Kidney Disease

https://doi.org/10.1097/MLR.0000000000000587
https://doi.org/10.1111/jgs.15767
https://doi.org/10.1093/ndt/gfu070
https://doi.org/10.1093/ndt/gfu070
https://doi.org/10.1007/s00228-019-02727-9
https://doi.org/10.1007/s40266-018-0593-8
https://doi.org/10.1007/s40266-018-0593-8
https://doi.org/10.1053/j.ajkd.2017.02.374
https://doi.org/10.3390/ijerph18084370
http://healthinaging.org
https://www.healthinaging.org/tools-and-tips/tip-sheet-5ms-geriatrics
https://www.healthinaging.org/tools-and-tips/tip-sheet-5ms-geriatrics
https://doi.org/10.1177/2054358119882667
https://doi.org/10.1053/j.ajkd.2005.08.017
https://doi.org/10.1053/j.ajkd.2017.07.021
https://doi.org/10.1053/j.ajkd.2017.07.021


78

57.	Mandel EI, Bernacki RE, Block SD. Serious Illness Conversations in ESRD. Clin J Am Soc 
Nephrol. 2017;12(5):854–63. https://doi.org/10.2215/CJN.05760516. Epub 2016 Dec 28. 
PMID: 28031417; PMCID: PMC5477207.

58.	Ramer SJ, McCall NN, Robinson-Cohen C, Siew ED, Salat H, Bian A, Stewart TG, El-Sourady 
MH, Karlekar M, Lipworth L, Ikizler TA, Abdel-Kader K. Health outcome priorities of older 
adults with advanced CKD and concordance with their nephrology Providers' perceptions. J 
Am Soc Nephrol. 2018;29(12):2870–8. https://doi.org/10.1681/ASN.2018060657. Epub 2018 
Nov 1. PMID: 30385652; PMCID: PMC6287864.

59.	Kurella Tamura M, Montez-Rath ME, Hall YN, Katz R, O'Hare AM. Advance directives and 
end-of-life care among nursing home residents receiving maintenance dialysis. Clin J Am 
Soc Nephrol. 2017;12(3):435–42. https://doi.org/10.2215/CJN.07510716. Epub 2017 Jan 5. 
PMID: 28057703; PMCID: PMC5338713.

60.	Stallings TL, Temel JS, Klaiman TA, Paasche-Orlow MK, Alegria M, O'Hare A, O'Connor 
N, Dember LM, Halpern SD, Eneanya ND.  Integrating conservative kidney management 
options and advance care planning education (COPE) into routine CKD care: a protocol for 
a pilot randomised controlled trial. BMJ Open. 2021;11(2):e042620. https://doi.org/10.1136/
bmjopen-2020-042620. PMID: 33619188; PMCID: PMC7903110.

61.	Verberne WR, Geers AB, Jellema WT, Vincent HH, van Delden JJ, Bos WJ. Comparative sur-
vival among older adults with advanced kidney disease managed conservatively versus with 
dialysis. Clin J Am Soc Nephrol. 2016;11(4):633–40. https://doi.org/10.2215/CJN.07510715. 
Epub 2016 Mar 17. PMID: 26988748; PMCID: PMC4822664.

62.	Raghavan D, Holley JL. Conservative Care of the Elderly CKD patient: a practical guide. Adv 
Chronic Kidney Dis. 2016;23(1):51–6. https://doi.org/10.1053/j.ackd.2015.08.003. PMID: 
26709063.

63.	Saeed F, Adams H, Epstein RM. Matters of life and death: why do older patients choose con-
servative management? Am J Nephrol. 2020;51(1):35–42. https://doi.org/10.1159/000504692. 
Epub 2019 Nov 27. PMID: 31775149.

64.	Ladin K, Neckermann I, D'Arcangelo N, Koch-Weser S, Wong JB, Gordon EJ, Rossi A, 
Rifkin D, Isakova T, Weiner DE. Advance care planning in older adults with CKD: patient, 
care partner, and clinician perspectives. J Am Soc Nephrol. 2021;32(6):1527–35. https://doi.
org/10.1681/ASN.2020091298. Epub 2021 Apr 7. PMID: 33827902; PMCID: PMC8259659.

65.	Schell JO, Patel UD, Steinhauser KE, Ammarell N, Tulsky JA.  Discussions of the kidney 
disease trajectory by elderly patients and nephrologists: a qualitative study. Am J Kidney Dis. 
2012;59(4):495–503. https://doi.org/10.1053/j.ajkd.2011.11.023. Epub 2012 Jan 4. PMID: 
22221483; PMCID: PMC3626427.

66.	Baddour NA, Siew ED, Robinson-Cohen C, Salat H, Mason OJ, Stewart TG, Karlekar M, 
El-Sourady MH, Lipworth L, Abdel-Kader K. Serious illness treatment preferences for older 
adults with advanced CKD. J Am Soc Nephrol. 2019;30(11):2252–61. https://doi.org/10.1681/
ASN.2019040385. Epub 2019 Sep 11. PMID: 31511360; PMCID: PMC6830783.

67.	Childers JW, Back AL, Tulsky JA, Arnold RM. REMAP: a framework for goals of care conver-
sations. J Oncol Pract. 2017;13(10):e844–50. https://doi.org/10.1200/JOP.2016.018796. Epub 
2017 Apr 26. PMID: 28445100.

68.	van Vliet LM, Lindenberger E, van Weert JC. Communication with older, seriously ill patients. 
Clin Geriatr Med. 2015;31(2):219–30. https://doi.org/10.1016/j.cger.2015.01.007. Epub 2015 
Feb 18. PMID: 25920057.

69.	Davison SN, Levin A, Moss AH, Jha V, Brown EA, Brennan F, Murtagh FE, Naicker S, Germain 
MJ, O'Donoghue DJ, Morton RL. Obrador GT; kidney disease: improving global outcomes. 
Executive summary of the KDIGO controversies conference on supportive care in chronic kid-
ney disease: developing a roadmap to improving quality care. Kidney Int. 2015;88(3):447–59. 
https://doi.org/10.1038/ki.2015.110. Epub 2015 Apr 29. PMID: 25923985.

70.	Davison SN.  Advance care planning in patients with chronic kidney disease. Semin Dial. 
2012;25(6):657–63. https://doi.org/10.1111/sdi.12039.PMID: 23173893

N. N. Muñoz Casablanca et al.

https://doi.org/10.2215/CJN.05760516
https://doi.org/10.1681/ASN.2018060657
https://doi.org/10.2215/CJN.07510716
https://doi.org/10.1136/bmjopen-2020-042620
https://doi.org/10.1136/bmjopen-2020-042620
https://doi.org/10.2215/CJN.07510715
https://doi.org/10.1053/j.ackd.2015.08.003
https://doi.org/10.1159/000504692
https://doi.org/10.1681/ASN.2020091298
https://doi.org/10.1681/ASN.2020091298
https://doi.org/10.1053/j.ajkd.2011.11.023
https://doi.org/10.1681/ASN.2019040385
https://doi.org/10.1681/ASN.2019040385
https://doi.org/10.1200/JOP.2016.018796
https://doi.org/10.1016/j.cger.2015.01.007
https://doi.org/10.1038/ki.2015.110
https://doi.org/10.1111/sdi.12039


79

71.	Schell JO, Arnold RM. NephroTalk: communication tools to enhance patient-centered care. 
Semin Dial. 2012;25(6):611–6. https://doi.org/10.1111/sdi.12017. Epub 2012 Oct 19. PMID: 
23078102.

72.	Van Grootven B, Flamaing J, Dierckx de Casterlé B, Dubois C, Fagard K, Herregods MC, 
Hornikx M, Laenen A, Meuris B, Rex S, Tournoy J, Milisen K, Deschodt M. Effectiveness 
of in-hospital geriatric co-management: a systematic review and meta-analysis. Age Ageing. 
2017;46(6):903–10. https://doi.org/10.1093/ageing/afx051. PMID: 28444116.

73.	Van Grootven B, Mendelson DA, Deschodt M. Impact of geriatric co-management programmes 
on outcomes in older surgical patients: update of recent evidence. Curr Opin Anaesthesiol. 
2020;33(1):114–21. https://doi.org/10.1097/ACO.0000000000000815. PMID: 31789902.

74.	Segall L, Nistor I, Pascual J, Mucsi I, Guirado L, Higgins R, Van Laecke S, Oberbauer R, Van 
Biesen W, Abramowicz D, Gavrilovici C, Farrington K, Covic A. Criteria for and appropriate-
ness of renal transplantation in elderly patients with end-stage renal disease: a literature review 
and position statement on behalf of the European renal association-European dialysis and trans-
plant association Descartes working group and European renal best practice. Transplantation. 
2016;100(10):e55–65. https://doi.org/10.1097/TP.0000000000001367. PMID: 27472096.

75.	Quint EE, Zogaj D, Banning LBD, Benjamens S, Annema C, Bakker SJL, Nieuwenhuijs-
Moeke GJ, Segev DL, McAdams-DeMarco MA, Pol RA.  Frailty and kidney transplanta-
tion: a systematic review and meta-analysis. Transplant Direct. 2021;7(6):e701. https://doi.
org/10.1097/TXD.0000000000001156. PMID: 34036171; PMCID: PMC8133203.

Further Readings

Centers for Disease Control and Prevention. Chronic Kidney Disease in the United States, 2021. 
Atlanta, GA: US Department of Health and Human Services, Centers for Disease Control and 
Prevention; 2021.

McCullough KP, Morgenstern H, Saran R, Herman WH, Robinson BM. Projecting ESRD Incidence 
and Prevalence in the United States through 2030. J Am Soc Nephrol. 2019;30(1):127–35. 
https://doi.org/10.1681/ASN.2018050531. Epub 2018 Dec 17. PMID: 30559143; PMCID: 
PMC6317596.

Molnar F, Frank CC. Optimizing geriatric care with the GERIATRIC 5Ms. Can Fam Physician. 
2019;65(1):39. PMID: 30674512; PMCID: PMC6347324.

United States Renal Data System. 2021 USRDS annual data report: epidemiology of kidney dis-
ease in the United States. Bethesda, MD: National Institutes of Health, National Institute of 
Diabetes and Digestive and Kidney Diseases; 2021.

US Census Bureau. “Population characteristics release updates.” Censusgov, 19 July 2022. https://
www.census.gov/library/visualizations/interactive/vintage-2021-population-estimates.html.

5  Geriatric 5Ms in Patients with Kidney Disease

https://doi.org/10.1111/sdi.12017
https://doi.org/10.1093/ageing/afx051
https://doi.org/10.1097/ACO.0000000000000815
https://doi.org/10.1097/TP.0000000000001367
https://doi.org/10.1097/TXD.0000000000001156
https://doi.org/10.1097/TXD.0000000000001156
https://doi.org/10.1681/ASN.2018050531
http://census.gov
https://www.census.gov/library/visualizations/interactive/vintage-2021-population-estimates.html
https://www.census.gov/library/visualizations/interactive/vintage-2021-population-estimates.html


81© 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_6

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.

References

1.	Daugirdas SP, Markossian T, Mueller ER, Durazo-Arvizu R, Cao G, Kramer H. Urinary incon-
tinence and chronic conditions in the US population age 50 years and older. Int Urogynecol 
J. 2020;31:1013–20. https://doi.org/10.1007/s00192-019-04137-y.

2.	Dooley Y, Kenton K, Cao G, Luke A, Durazo-Arvizu R, Kramer H, Brubaker L.  Urinary 
incontinence prevalence: results from the National Health and nutrition examination survey. 
J Urol. 2008;179:656–61. https://doi.org/10.1016/j.juro.2007.09.081.

3.	Markland AD, Vaughan CP, Johnson TM 2nd, Goode PS, Redden DT, Burgio KL. Prevalence 
of nocturia in United States men: results from the National Health and nutrition examination 
survey. J Urol. 2011;185:998–1002. https://doi.org/10.1016/j.juro.2010.10.083.

4.	Patel M, Vellanki K, Leehey DJ, Bansal VK, Brubaker L, Flanigan R, Koval J, Wadhwa A, 
Balasubramanian N, Sandhu J, et  al. Urinary incontinence and diuretic avoidance among 
adults with chronic kidney disease. Int Urol Nephrol. 2016;48:1321–6. https://doi.org/10.1007/
s11255-016-1304-1.

E. Janak and H. Kramer

https://doi.org/10.1007/s00192-019-04137-y
https://doi.org/10.1016/j.juro.2007.09.081
https://doi.org/10.1016/j.juro.2010.10.083
https://doi.org/10.1007/s11255-016-1304-1
https://doi.org/10.1007/s11255-016-1304-1


93

5.	Akbar A, Liu K, Michos ED, Brubaker L, Markossian T, Bancks MP, Kramer H. Racial dif-
ferences in urinary incontinence prevalence and associated bother: the multi-ethnic study of 
atherosclerosis. Am J Obstet Gynecol. 2021;224(80):e81–80e89. https://doi.org/10.1016/j.
ajog.2020.07.031.

6.	Akbar A, Liu K, Michos ED, Brubaker L, Markossian T, Bancks MP, Kramer H.  Racial 
differences in urinary incontinence prevalence, overactive bladder and associated bother 
among men: the multi-ethnic study of atherosclerosis. J Urol. 2021;205:524–31. https://doi.
org/10.1097/JU.0000000000001353.

7.	Bansal R, Agarwal MM, Modi M, Mandal AK, Singh SK.  Urodynamic profile of diabetic 
patients with lower urinary tract symptoms: association of diabetic cystopathy with auto-
nomic and peripheral neuropathy. Urology. 2011;77:699–705. https://doi.org/10.1016/j.
urology.2010.04.062.

8.	Yang Z, Dolber PC, Fraser MO. Diabetic urethropathy compounds the effects of diabetic cys-
topathy. J Urol. 2007;178:2213–9. https://doi.org/10.1016/j.juro.2007.06.042.

9.	Scarneciu I, Lupu S, Bratu OG, Teodorescu A, Maxim LS, Brinza A, Laculiceanu AG, Rotaru 
RM, Lupu AM, Scarneciu CC.  Overactive bladder: a review and update. Exp Ther Med. 
2021;22:1444. https://doi.org/10.3892/etm.2021.10879.

10.	Abrams P, Kelleher CJ, Kerr LA, Rogers RG. Overactive bladder significantly affects quality 
of life. Am J Manag Care. 2000;6:S580–90.

11.	Hubeaux K, Deffieux X, Ismael SS, Raibaut P, Amarenco G. Autonomic nervous system activ-
ity during bladder filling assessed by heart rate variability analysis in women with idiopathic 
overactive bladder syndrome or stress urinary incontinence. J Urol. 2007;178:2483–7. https://
doi.org/10.1016/j.juro.2007.08.036.

12.	Liao WC, Jaw FS.  A noninvasive evaluation of autonomic nervous system dysfunction 
in women with an overactive bladder. Int J Gynaecol Obstet. 2010;110:12–7. https://doi.
org/10.1016/j.ijgo.2010.03.007.

13.	Akbar A, Liu K, Michos ED, Bancks MP, Brubaker L, Markossian T, Durazo-Arvizu R, 
Kramer H. Association of overactive bladder with hypertension and blood pressure control: 
the multi-ethnic study of atherosclerosis (MESA). Am J Hypertens. 2022;35:22–30. https://
doi.org/10.1093/ajh/hpaa186.

14.	Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra S, Myers MG, Ogedegbe 
G, Schwartz JE, Townsend RR, et al. Measurement of blood pressure in humans: a scientific 
statement from the American Heart Association. Hypertension. 2019;73:e35–66. https://doi.
org/10.1161/HYP.0000000000000087.

15.	Coyne KS, Wein A, Nicholson S, Kvasz M, Chen CI, Milsom I.  Economic burden of 
urgency urinary incontinence in the United States: a systematic review. J Manag Care Pharm. 
2014;20:130–40. https://doi.org/10.18553/jmcp.2014.20.2.130.

16.	Danforth KN, Townsend MK, Lifford K, Curhan GC, Resnick NM, Grodstein F. Risk factors 
for urinary incontinence among middle-aged women. Am J Obstet Gynecol. 2006;194:339–45. 
https://doi.org/10.1016/j.ajog.2005.07.051.

17.	Gacci M, Simonato A, Masieri L, Gore JL, Lanciotti M, Mantella A, Rossetti MA, Serni 
S, Varca V, Romagnoli A, et al. Urinary and sexual outcomes in long-term (5+ years) pros-
tate cancer disease free survivors after radical prostatectomy. Health Qual Life Outcomes. 
2009;7:94. https://doi.org/10.1186/1477-7525-7-94.

18.	Litwin MS, Lubeck DP, Stoddard ML, Pasta DJ, Flanders SC, Henning JM. Quality of life 
before death for men with prostate cancer: results from the CaPSURE database. J Urol. 
2001;165:871–5.

19.	Coyne KS, Sexton CC, Bell JA, Thompson CL, Dmochowski R, Bavendam T, Chen CI, 
Quentin CJ. The prevalence of lower urinary tract symptoms (LUTS) and overactive blad-
der (OAB) by racial/ethnic group and age: results from OAB-POLL.  Neurourol Urodyn. 
2013;32:230–7. https://doi.org/10.1002/nau.22295.

6  Urinary Symptoms in Older Adults with Chronic Kidney Disease

https://doi.org/10.1016/j.ajog.2020.07.031
https://doi.org/10.1016/j.ajog.2020.07.031
https://doi.org/10.1097/JU.0000000000001353
https://doi.org/10.1097/JU.0000000000001353
https://doi.org/10.1016/j.urology.2010.04.062
https://doi.org/10.1016/j.urology.2010.04.062
https://doi.org/10.1016/j.juro.2007.06.042
https://doi.org/10.3892/etm.2021.10879
https://doi.org/10.1016/j.juro.2007.08.036
https://doi.org/10.1016/j.juro.2007.08.036
https://doi.org/10.1016/j.ijgo.2010.03.007
https://doi.org/10.1016/j.ijgo.2010.03.007
https://doi.org/10.1093/ajh/hpaa186
https://doi.org/10.1093/ajh/hpaa186
https://doi.org/10.1161/HYP.0000000000000087
https://doi.org/10.1161/HYP.0000000000000087
https://doi.org/10.18553/jmcp.2014.20.2.130
https://doi.org/10.1016/j.ajog.2005.07.051
https://doi.org/10.1186/1477-7525-7-94
https://doi.org/10.1002/nau.22295


94

20.	Coyne KS, Zhou Z, Bhattacharyya SK, Thompson CL, Dhawan R, Versi E. The prevalence of 
nocturia and its effect on health-related quality of life and sleep in a community sample in the 
USA. BJU Int. 2003;92:948–54. https://doi.org/10.1111/j.1464-410x.2003.04527.x.

21.	Asplund R.  Mortality in the elderly in relation to nocturnal micturition. BJU Int. 
1999;84:297–301. https://doi.org/10.1046/j.1464-410x.1999.00157.x.

22.	Guilleminault C, Lin CM, Goncalves MA, Ramos E.  A prospective study of nocturia and 
the quality of life of elderly patients with obstructive sleep apnea or sleep onset insomnia. J 
Psychosom Res. 2004;56:511–5. https://doi.org/10.1016/S0022-3999(04)00021-2.

23.	Tikkinen KA, Tammela TL, Huhtala H, Auvinen A. Is nocturia equally common among men 
and women? A population based study in Finland. J Urol. 2006;175:596–600. https://doi.
org/10.1016/S0022-5347(05)00245-4.

24.	Ridgway A, Cotterill N, Dawson S, Drake MJ, Henderson EJ, Huntley AL, Rees J, Strong E, 
Dudley C, Udayaraj U. Nocturia and chronic kidney disease: systematic review and nomi-
nal group technique consensus on primary care assessment and treatment. Eur Urol Focus. 
2022;8:18–25. https://doi.org/10.1016/j.euf.2021.12.010.

25.	Wu MY, Wu YL, Hsu YH, Lin YF, Fan YC, Lin YC, Chang SJ. Risks of nocturia in patients 
with chronic kidney disease—do the metabolic syndrome and its components matter? J Urol. 
2012;188:2269–73. https://doi.org/10.1016/j.juro.2012.08.008.

26.	Firsov D, Bonny O. Circadian regulation of renal function. Kidney Int. 2010;78:640–5. https://
doi.org/10.1038/ki.2010.227.

27.	Weiss JP, Everaert K.  Management of nocturia and nocturnal polyuria. Urology. 
2019;133S:24–33. https://doi.org/10.1016/j.urology.2019.09.022.

28.	Ouslander JG, Nasr SZ, Miller M, Withington W, Lee CS, Wiltshire-Clement M, Cruise P, 
Schnelle JF.  Arginine vasopressin levels in nursing home residents with nighttime urinary 
incontinence. J Am Geriatr Soc. 1998;46:1274–9. https://doi.org/10.1111/j.1532-5415.1998.
tb04545.x.

29.	Kikuchi Y.  Participation of atrial natriuretic peptide (hANP) levels and arginine vasopres-
sin (AVP) in aged persons with nocturia. Nihon Hinyokika Gakkai Zasshi. 1995;86:1651–9. 
https://doi.org/10.5980/jpnjurol1989.86.1651.

30.	Boongird S, Shah N, Nolin TD, Unruh ML. Nocturia and aging: diagnosis and treatment. Adv 
Chronic Kidney Dis. 2010;17:e27–40. https://doi.org/10.1053/j.ackd.2010.04.004.

31.	Chen YF, Durand J, Claycomb WC. Hypoxia stimulates atrial natriuretic peptide gene expres-
sion in cultured atrial cardiocytes. Hypertension. 1997;29:75–82. https://doi.org/10.1161/01.
hyp.29.1.75.

32.	Park HK, Paick SH, Kim HG, Park DH, Cho JH, Hong SC, Choi WS.  Nocturia improve-
ment with surgical correction of sleep apnea. Int Neurourol J. 2016;20:329–34. https://doi.
org/10.5213/inj.1632624.312.

33.	Agarwal R, Light RP, Bills JE, Hummel LA. Nocturia, nocturnal activity, and nondipping. 
Hypertension. 2009;54:646–51. https://doi.org/10.1161/HYPERTENSIONAHA.109.135822.

34.	Fu FG, Lavery HJ, Wu DL. Reducing nocturia in the elderly: a randomized placebo-controlled 
trial of staggered furosemide and desmopressin. Neurourol Urodyn. 2011;30:312–6. https://
doi.org/10.1002/nau.20986.

35.	Andersson KE, Arner A. Urinary bladder contraction and relaxation: physiology and patho-
physiology. Physiol Rev. 2004;84:935–86. https://doi.org/10.1152/physrev.00038.2003.

36.	Fowler CJ, Griffiths D, de Groat WC. The neural control of micturition. Nat Rev Neurosci. 
2008;9:453–66. https://doi.org/10.1038/nrn2401.

37.	Abrams PAK, Gardener N, Donovan J, Advisory ICIQ, Board. The international consultation 
on incontinence modular questionnaire. J Urol. 2006;175:1063–6.

38.	Balk EM, Rofeberg VN, Adam GP, Kimmel HJ, Trikalinos TA, Jeppson PC. Pharmacologic 
and nonpharmacologic treatments for urinary incontinence in women: a systematic review and 
network meta-analysis of clinical outcomes. Ann Intern Med. 2019;170:465–79. https://doi.
org/10.7326/M18-3227.

E. Janak and H. Kramer

https://doi.org/10.1111/j.1464-410x.2003.04527.x
https://doi.org/10.1046/j.1464-410x.1999.00157.x
https://doi.org/10.1016/S0022-3999(04)00021-2
https://doi.org/10.1016/S0022-5347(05)00245-4
https://doi.org/10.1016/S0022-5347(05)00245-4
https://doi.org/10.1016/j.euf.2021.12.010
https://doi.org/10.1016/j.juro.2012.08.008
https://doi.org/10.1038/ki.2010.227
https://doi.org/10.1038/ki.2010.227
https://doi.org/10.1016/j.urology.2019.09.022
https://doi.org/10.1111/j.1532-5415.1998.tb04545.x
https://doi.org/10.1111/j.1532-5415.1998.tb04545.x
https://doi.org/10.5980/jpnjurol1989.86.1651
https://doi.org/10.1053/j.ackd.2010.04.004
https://doi.org/10.1161/01.hyp.29.1.75
https://doi.org/10.1161/01.hyp.29.1.75
https://doi.org/10.5213/inj.1632624.312
https://doi.org/10.5213/inj.1632624.312
https://doi.org/10.1161/HYPERTENSIONAHA.109.135822
https://doi.org/10.1002/nau.20986
https://doi.org/10.1002/nau.20986
https://doi.org/10.1152/physrev.00038.2003
https://doi.org/10.1038/nrn2401
https://doi.org/10.7326/M18-3227
https://doi.org/10.7326/M18-3227


95

39.	Parker WP, Griebling TL. Nonsurgical treatment of urinary incontinence in elderly women. 
Clin Geriatr Med. 2015;31:471–85. https://doi.org/10.1016/j.cger.2015.07.003.

40.	Scott KM, Gosai E, Bradley MH, Walton S, Hynan LS, Lemack G, Roehrborn C. Individualized 
pelvic physical therapy for the treatment of post-prostatectomy stress urinary incontinence and 
pelvic pain. Int Urol Nephrol. 2020;52:655–9. https://doi.org/10.1007/s11255-019-02343-7.

41.	Thomas LH, Coupe J, Cross LD, Tan AL, Watkins CL. Interventions for treating urinary incon-
tinence after stroke in adults. Cochrane Database Syst Rev. 2019;2:CD004462. https://doi.
org/10.1002/14651858.CD004462.pub4.

42.	Park SHK, Kang C-B. Effect of Kegel exercises on the management of female stress inconti-
nence: a systematic review of randomized controlled trials. Adv Nursing. 2014;2014:1.

43.	Bradley CS, Erickson BA, Messersmith EE, Pelletier-Cameron A, Lai HH, Kreder KJ, Yang 
CC, Merion RM, Bavendam TG, Kirkali Z, et al. Evidence of the impact of diet, fluid intake, 
caffeine, alcohol and tobacco on lower urinary tract symptoms: a systematic review. J Urol. 
2017;198:1010–20. https://doi.org/10.1016/j.juro.2017.04.097.

44.	 Iguchi N, Carrasco A Jr, Xie AX, Pineda RH, Malykhina AP, Wilcox DT. Functional constipa-
tion induces bladder overactivity associated with upregulations of Htr2 and Trpv2 pathways. 
Sci Rep. 2021;11:1149. https://doi.org/10.1038/s41598-020-80794-0.

45.	Busetto GM, Del Giudice F, D'Agostino D, Romagnoli D, Minervini A, Rocco B, Antonelli 
A, Celia A, Schiavina R, Cindolo L, et al. Efficacy and safety of finasteride (5 alpha-reductase 
inhibitor) monotherapy in patients with benign prostatic hyperplasia: a critical review of the 
literature. Arch Ital Urol Androl. 2020;91:205–10. https://doi.org/10.4081/aiua.2019.4.205.

46.	Lepor H.  Alpha blockers for the treatment of benign prostatic hyperplasia. Rev Urol. 
2007;9:181–90.

47.	Lerner LB, McVary KT, Barry MJ, Bixler BR, Dahm P, Das AK, Gandhi MC, Kaplan SA, 
Kohler TS, Martin L, et al. Management of lower urinary tract symptoms attributed to benign 
prostatic hyperplasia: AUA guideline part I-initial work-up and medical management. J Urol. 
2021;206:806–17. https://doi.org/10.1097/JU.0000000000002183.

48.	Ginsberg DA, Boone TB, Cameron AP, Gousse A, Kaufman MR, Keays E, Kennelly MJ, 
Lemack GE, Rovner ES, Souter LH, et  al. The AUA/SUFU guideline on adult neurogenic 
lower urinary tract dysfunction: diagnosis and evaluation. J Urol. 2021;206:1097–105. https://
doi.org/10.1097/JU.0000000000002235.

49.	Sacco E, Bientinesi R.  Mirabegron: a review of recent data and its prospects in the 
management of overactive bladder. Ther Adv Urol. 2012;4:315–24. https://doi.
org/10.1177/1756287212457114.

50.	Elliott CS, Comiter CV.  The effect of angiotensin inhibition on urinary incontinence: data 
from the National Health and nutrition examination survey (2001-2008). Neurourol Urodyn. 
2014;33:1178–81. https://doi.org/10.1002/nau.22480.

51.	Sarkar SN, Huang RQ, Logan SM, Yi KD, Dillon GH, Simpkins JW. Estrogens directly poten-
tiate neuronal L-type Ca2+ channels. Proc Natl Acad Sci USA. 2008;105:15148–53. https://
doi.org/10.1073/pnas.0802379105.

52.	Ruby CM, Hanlon JT, Boudreau RM, Newman AB, Simonsick EM, Shorr RI, Bauer DC, 
Resnick NM, Health A, Body CS.  The effect of medication use on urinary incontinence 
in community-dwelling elderly women. J Am Geriatr Soc. 2010;58:1715–20. https://doi.
org/10.1111/j.1532-5415.2010.03006.x.

53.	Grodstein F, Lifford K, Resnick NM, Curhan GC.  Postmenopausal hormone therapy and 
risk of developing urinary incontinence. Obstet Gynecol. 2004;103:254–60. https://doi.
org/10.1097/01.AOG.0000107290.33034.6f.

54.	Hendrix SL, Cochrane BB, Nygaard IE, Handa VL, Barnabei VM, Iglesia C, Aragaki A, 
Naughton MJ, Wallace RB, McNeeley SG. Effects of estrogen with and without progestin on 
urinary incontinence. JAMA. 2005;293:935–48. https://doi.org/10.1001/jama.293.8.935.

55.	Qi W, Li H, Wang C, Li H, Fan A, Han C, Xue F. The effect of pathophysiological changes 
in the vaginal milieu on the signs and symptoms of genitourinary syndrome of menopause 
(GSM). Menopause. 2020;28:102–8. https://doi.org/10.1097/GME.0000000000001644.

6  Urinary Symptoms in Older Adults with Chronic Kidney Disease

https://doi.org/10.1016/j.cger.2015.07.003
https://doi.org/10.1007/s11255-019-02343-7
https://doi.org/10.1002/14651858.CD004462.pub4
https://doi.org/10.1002/14651858.CD004462.pub4
https://doi.org/10.1016/j.juro.2017.04.097
https://doi.org/10.1038/s41598-020-80794-0
https://doi.org/10.4081/aiua.2019.4.205
https://doi.org/10.1097/JU.0000000000002183
https://doi.org/10.1097/JU.0000000000002235
https://doi.org/10.1097/JU.0000000000002235
https://doi.org/10.1177/1756287212457114
https://doi.org/10.1177/1756287212457114
https://doi.org/10.1002/nau.22480
https://doi.org/10.1073/pnas.0802379105
https://doi.org/10.1073/pnas.0802379105
https://doi.org/10.1111/j.1532-5415.2010.03006.x
https://doi.org/10.1111/j.1532-5415.2010.03006.x
https://doi.org/10.1097/01.AOG.0000107290.33034.6f
https://doi.org/10.1097/01.AOG.0000107290.33034.6f
https://doi.org/10.1001/jama.293.8.935
https://doi.org/10.1097/GME.0000000000001644


96

56.	Townsend MK, Curhan GC, Resnick NM, Grodstein F.  Postmenopausal hormone ther-
apy and incident urinary incontinence in middle-aged women. Am J Obstet Gynecol. 
2009;200(86):e81–5. https://doi.org/10.1016/j.ajog.2008.08.009.

57.	Ekundayo OJ, Markland A, Lefante C, Sui X, Goode PS, Allman RM, Ali M, Wahle C, 
Thornton PL, Ahmed A.  Association of diuretic use and overactive bladder syndrome in 
older adults: a propensity score analysis. Arch Gerontol Geriatr. 2009;49:64–8. https://doi.
org/10.1016/j.archger.2008.05.002.

58.	Hall SA, Chiu GR, Kaufman DW, Wittert GA, Link CL, McKinlay JB. Commonly used anti-
hypertensives and lower urinary tract symptoms: results from the Boston area community 
Health (BACH) survey. BJU Int. 2012;109:1676–84. https://doi.org/10.1111/j.1464-410X. 
2011.10593.x.

59.	Marshall HJB, D.  Alpha-adrenergic blockade and urinary incontinence. J Hypertension. 
1993;11:1152–3.

60.	Hallow KM, Helmlinger G, Greasley PJ, McMurray JJV, Boulton DW. Why do SGLT2 inhibi-
tors reduce heart failure hospitalization? A differential volume regulation hypothesis. Diabetes 
Obes Metab. 2018;20:479–87. https://doi.org/10.1111/dom.13126.

61.	Krepostman NK, H. Lower urinary tract symptoms should be queried when initiating sodium 
glucose co-transporter 2 inhibitors. Kidney360. 2021;2:751–4.

62.	Liu J, Li L, Li S, Jia P, Deng K, Chen W, Sun X. Effects of SGLT2 inhibitors on UTIs and 
genital infections in type 2 diabetes mellitus: a systematic review and meta-analysis. Sci Rep. 
2017;7:2824. https://doi.org/10.1038/s41598-017-02733-w.

63.	Herrington WG, Baigent C, Haynes R. Empagliflozin in patients with chronic kidney disease. 
Reply. N Engl J Med. 2023;388:2301–2. https://doi.org/10.1056/NEJMc2301923.

64.	Banharak S, Panpanit L, Subindee S, Narongsanoi P, Sanun-Aur P, Kulwong W, Songtin 
P, Khemphimai W.  Prevention and care for incontinence-associated dermatitis among 
older adults: a systematic review. J Multidiscip Healthc. 2021;14:2983–3004. https://doi.
org/10.2147/JMDH.S329672.

65.	Gray M, Beeckman D, Bliss DZ, Fader M, Logan S, Junkin J, Selekof J, Doughty D, Kurz 
P. Incontinence-associated dermatitis: a comprehensive review and update. J Wound Ostomy 
Continence Nurs. 2012;39:61–74. https://doi.org/10.1097/WON.0b013e31823fe246.

66.	Schwinn DA, Roehrborn CG. Alpha1-adrenoceptor subtypes and lower urinary tract symp-
toms. Int J Urol. 2008;15:193–9. https://doi.org/10.1111/j.1442-2042.2007.01956.x.

67.	Ambrosini PJ.  A pharmacological paradigm for urinary incontinence and enuresis. J Clin 
Psychopharmacol. 1984;4:247–53.

68.	Wuerstle MC, Van Den Eeden SK, Poon KT, Quinn VP, Hollingsworth JM, Loo RK, Jacobsen 
SJ.  Urologic diseases in America P.  Contribution of common medications to lower uri-
nary tract symptoms in men. Arch Intern Med. 2011;171:1680–2. https://doi.org/10.1001/
archinternmed.2011.475.

69.	Bae JH, Moon DG, Lee JG. The effects of a selective noradrenaline reuptake inhibitor on the 
urethra: an in vitro and in vivo study. BJU Int. 2001;88:771–5. https://doi.org/10.1046/j.1464- 
4096.2001.02389.x.

70.	Asplund R. Pharmacotherapy for nocturia in the elderly patient. Drugs Aging. 2007;24:325–43. 
https://doi.org/10.2165/00002512-200724040-00005.

71.	Peron EP, Zheng Y, Perera S, Newman AB, Resnick NM, Shorr RI, Bauer DC, Simonsick 
EM, Gray SL, Hanlon JT, et al. Antihypertensive drug class use and differential risk of uri-
nary incontinence in community-dwelling older women. J Gerontol A Biol Sci Med Sci. 
2012;67:1373–8. https://doi.org/10.1093/gerona/gls177.

72.	Landi F, Cesari M, Russo A, Onder G, Sgadari A, Bernabei R, Silvernet HCSG. Benzodiazepines 
and the risk of urinary incontinence in frail older persons living in the community. Clin 
Pharmacol Ther. 2002;72:729–34. https://doi.org/10.1067/mcp.2002.129318.

73.	Shamliyan TA, Kane RL, Wyman J, Wilt TJ. Systematic review: randomized, controlled trials of 
nonsurgical treatments for urinary incontinence in women. Ann Intern Med. 2008;148:459–73. 
https://doi.org/10.7326/0003-4819-148-6-200803180-00211.

E. Janak and H. Kramer

https://doi.org/10.1016/j.ajog.2008.08.009
https://doi.org/10.1016/j.archger.2008.05.002
https://doi.org/10.1016/j.archger.2008.05.002
https://doi.org/10.1111/j.1464-410X.2011.10593.x
https://doi.org/10.1111/j.1464-410X.2011.10593.x
https://doi.org/10.1111/dom.13126
https://doi.org/10.1038/s41598-017-02733-w
https://doi.org/10.1056/NEJMc2301923
https://doi.org/10.2147/JMDH.S329672
https://doi.org/10.2147/JMDH.S329672
https://doi.org/10.1097/WON.0b013e31823fe246
https://doi.org/10.1111/j.1442-2042.2007.01956.x
https://doi.org/10.1001/archinternmed.2011.475
https://doi.org/10.1001/archinternmed.2011.475
https://doi.org/10.1046/j.1464-4096.2001.02389.x
https://doi.org/10.1046/j.1464-4096.2001.02389.x
https://doi.org/10.2165/00002512-200724040-00005
https://doi.org/10.1093/gerona/gls177
https://doi.org/10.1067/mcp.2002.129318
https://doi.org/10.7326/0003-4819-148-6-200803180-00211


97

74.	Wefer J, Truss MC, Jonas U. Tolterodine: an overview. World J Urol. 2001;19:312–8. https://
doi.org/10.1007/s003450100224.

75.	Zinner NR, Mattiasson A, Stanton SL. Efficacy, safety, and tolerability of extended-release 
once-daily tolterodine treatment for overactive bladder in older versus younger patients. J Am 
Geriatr Soc. 2002;50:799–807. https://doi.org/10.1046/j.1532-5415.2002.50203.x.

76.	Leone Roberti Maggiore U, Salvatore S, Alessandri F, Remorgida V, Origoni M, Candiani M, 
Venturini PL, Ferrero S. Pharmacokinetics and toxicity of antimuscarinic drugs for overactive 
bladder treatment in females. Expert Opin Drug Metab Toxicol. 2012;8:1387–408. https://doi.
org/10.1517/17425255.2012.714365.

77.	Lam S, Hilas O.  Pharmacologic management of overactive bladder. Clin Interv Aging. 
2007;2:337–45.

78.	Malhotra B, Guan Z, Wood N, Gandelman K. Pharmacokinetic profile of fesoterodine. Int J 
Clin Pharmacol Ther. 2008;46:556–63. https://doi.org/10.5414/cpp46556.

79.	Khullar V, Rovner ES, Dmochowski R, Nitti V, Wang J, Guan Z. Fesoterodine dose response 
in subjects with overactive bladder syndrome. Urology. 2008;71:839–43. https://doi.
org/10.1016/j.urology.2007.12.017.

80.	Corcos J, Przydacz M, Campeau L, Gray G, Hickling D, Honeine C, Radomski SB, 
Stothers L, Wagg A, Lond F.  CUA guideline on adult overactive bladder. Can Urol Assoc 
J. 2017;11:E142–73. https://doi.org/10.5489/cuaj.4586.

6  Urinary Symptoms in Older Adults with Chronic Kidney Disease

https://doi.org/10.1007/s003450100224
https://doi.org/10.1007/s003450100224
https://doi.org/10.1046/j.1532-5415.2002.50203.x
https://doi.org/10.1517/17425255.2012.714365
https://doi.org/10.1517/17425255.2012.714365
https://doi.org/10.5414/cpp46556
https://doi.org/10.1016/j.urology.2007.12.017
https://doi.org/10.1016/j.urology.2007.12.017
https://doi.org/10.5489/cuaj.4586


99© 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_7

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 

7  Hypertension in the Elderly



106

Ta
bl

e 
7.

2 
Su

m
m

ar
y 

of
 p

ub
lis

he
d 

gu
id

el
in

es
 f

or
 th

e 
m

an
ag

em
en

t o
f 

hy
pe

rt
en

si
on

 in
 th

e 
el

de
rl

y

G
ui

de
lin

es

H
T

N
 

C
an

ad
a 

20
20

 [
14

]
IS

H
 2

02
0 

[1
5]

V
A

/D
oD

 2
02

0 
[1

6]
Ja

pa
ne

se
 

20
19

 [
17

]
E

SC
/E

SH
 2

01
8 

[1
8]

A
C

P 
20

17
 [

19
]

A
H

A
/A

C
C

 
20

17
 [

2]
A

us
tr

al
ia

 
20

16
 [

20
]

D
efi

ni
tio

n 
of

 
ol

de
r 

pa
tie

nt
s

≥
 7

5 
ye

ar
s

N
ot

 d
efi

ne
d

≥
 6

0 
ye

ar
s

≥
 6

5 
ye

ar
s

E
ld

er
ly

 6
5–

79
 y

ea
rs

V
er

y 
ol

d 
≥

 8
0 

ye
ar

s
≥

 6
0 

ye
ar

s
≥

 6
5 

ye
ar

s
≥

 7
5 

ye
ar

s

D
efi

ni
tio

n 
of

 
hy

pe
rt

en
si

on
 (

to
 

in
iti

at
e 

tr
ea

tm
en

t)
 

(m
m

H
g)

sB
P 
≥

 1
30

≥
 1

40
/9

0
sB

P 
≥

 1
50

≥
 1

40
/9

0
E

ld
er

ly
: ≥

 1
40

/9
0

V
er

y 
ol

d:
 ≥

 1
60

/9
0

sB
P 
≥

 1
50

≥
 1

30
/8

0
sB

P 
≥

 1
20

B
lo

od
 p

re
ss

ur
e 

ta
rg

et
 (

m
m

H
g)

sB
P 

<
 1

20
<

 1
40

/8
0

sB
P 

<
 1

50
 f

or
 

m
os

t
sB

P 
<

 1
40

 if
 

di
ab

et
es

65
–7

4 
ye

ar
s:

<
 1

30
/8

0
≥

 7
5 

ye
ar

s:
<

 1
40

/8
0

sB
P 

13
0–

13
9

dB
P 

70
–7

9
sB

P 
<

 1
50

 f
or

 m
os

t
sB

P 
<

 1
40

 if
 h

ig
h 

ca
rd

io
va

sc
ul

ar
 r

is
k 

or
 

hi
st

or
y 

of
 s

tr
ok

e/
T

IA

<
 1

30
/8

0
sB

P 
<

 1
20

H
T

N
 C

an
ad

a 
H

yp
er

te
ns

io
n 

C
an

ad
a,

 I
SH

 I
nt

er
na

tio
na

l S
oc

ie
ty

 o
f 

H
yp

er
te

ns
io

n,
 V

a/
D

oD
 V

et
er

an
s 

A
ff

ai
rs

 a
nd

 th
e 

D
ep

ar
tm

en
t o

f 
D

ef
en

se
, E

SC
/E

SH
 E

ur
op

ea
n 

So
ci

et
y 

of
 C

ar
di

ol
og

y,
 E

ur
op

ea
n 

So
ci

et
y 

of
 H

yp
er

te
ns

io
n,

 A
C

P
 A

m
er

ic
an

 C
ol

le
ge

 o
f 

Ph
ys

ic
ia

ns
, A

H
A

/A
C

C
 A

m
er

ic
an

 H
ea

rt
 A

ss
oc

ia
tio

n/
A

m
er

ic
an

 C
ol

le
ge

 o
f 

C
ar

di
ol

og
y,

 s
B

P
 S

ys
to

lic
 B

lo
od

 P
re

ss
ur

e,
 d

B
P

 D
ia

st
ol

ic
 B

lo
od

 P
re

ss
ur

e

S. Ahmed and S. Hiremath



107

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 
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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 
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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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