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Abstract

Senescence or normal physiologic aging portrays the expected age-related changes in the kidney 

as compared to a disease that occurs in some but not all individuals. The micro-anatomical 

structural changes of the kidney with older age include a decreased number of functional 

glomeruli from an increased prevalence of nephrosclerosis (arteriosclerosis, glomerulosclerosis, 

and tubular atrophy with interstitial fibrosis), and to some extent, compensatory hypertrophy of 

remaining nephrons. Among the macro-anatomical structural changes, older age associates with 

smaller cortical volume, larger medullary volume until middle age, and larger and more numerous 

renal cysts. Among carefully-screened healthy kidney donors, glomerular filtration rate declines at 

a rate of 6.3 ml/min/1.73m2 per decade. There is reason to be concerned that the elderly are being 

misdiagnosed with chronic kidney disease. Besides this expected kidney function decline, the 

lowest risk of mortality is at a glomerular filtration rate of ≥75 ml/min/1.73 m2 for age <55 years 

but at a lower glomerular filtration rate of 45-104 ml/min/1.73m2 for age ≥65 years. Changes with 

normal aging are still of clinical significance. The elderly have less renal functional reserve when 

they do actually develop chronic kidney disease and they are also at higher risk for acute kidney 

injury.
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Introduction

Aging is a natural, progressive and inevitable biological process characterized by a gradual 

decline of cellular function as well as progressive structural changes in many organ systems. 

These anatomic and physiological changes delineate the process of senescence, a term that 

portrays more predictable age-related alterations as opposed to those induced by diseases. In 

general, the rate of the physiologic decline is initially difficult to perceive, however, after 

certain age (late maturity) it undergoes acceleration. Like other organ systems, the kidneys 
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also go through process of normal senescence, including both anatomical and physiological 

changes. These changes in a normal aging kidney are separate from kidney diseases that are 

relatively common in elderly such as diabetic nephropathy.1 It is difficult to distinguish the 

two distinct processes: inevitable organ-based senescence and disease-mediated structural 

and functional changes more common in the elderly. Nevertheless, it is important to 

emphasize that age-related diseases when superimposed on those of normal senescence, can 

significantly alter the rate of functional decline, exhaust renal functional reserve and 

predispose these patients to acute kidney injury.2

During the past 15 years there has been an increasing interest in the aging kidney. The likely 

reason is wide implementation of estimated glomerular filtration rate (eGFR) instead of 

serum creatinine for assessment of kidney function coupled to the adoption of an absolute 

(non-age-calibrated) threshold for defining CKD based on eGFR values alone (<60ml/min/

1.73m2), which unsurprisingly led to a higher number of older adults diagnosed with chronic 

kidney disease (CKD). This diagnostic strategy also increased nephrology referrals, 

especially among individuals with mild to moderately reduced eGFR (30-59 mL/min/

1.73m2).3 The mean eGFR among community living individuals over the age of 70 years is 

at or below the accepted threshold of <60 mL/min/1.73m2 used to define CKD.4 Older 

individuals represent a unique population in which the now “traditional” assumptions that an 

isolated and a persistent (over three months) eGFR<60 mL/min/1.73m2 defines CKD are not 

necessarily true. The psychological aspect of labeling older patients as having CKD is also 

of concern.4 Regardless of disease labeling, declining kidney function with normal aging is 

still of clinical relevance to medication dosing, selection of living kidney donors, and risk of 

CKD and acute kidney injury with loss of renal reserves.

Masked under the complex layers of estimating GFR and identifying CKD in the elderly, is 

the underlying structural pathology in the aged kidney. More and larger renal cysts,5,6 focal 

scars,7 increased cortical surface roughness,8 decreased cortical volume, increased 

medullary volume,9 and more renal artery atherosclerosis7 are evident on computed 

tomographic (CT) imaging of older kidneys. Likewise, global glomerulosclerosis, tubular 

atrophy, interstitial fibrosis, arteriosclerosis, arterial hyalinosis,10 tubular diverticuli,11 and 

to a lesser extent nephron hypertrophy (increased glomerular volume)12 become more 

evident on renal biopsies of older patient’s kidneys. How these structural changes relate to 

functional alterations of the kidney with aging is still being explored. In this review we will 

define the key structural and functional changes (with particular emphasis on GFR) that 

occur in the aging kidney and discuss their clinical significance.

Molecular Biology of Kidney Aging

Almost six decades ago, Dr. Harman was the first who proposed that free radical-induced 

accumulation of oxidative stress and damage at a cellular level was the primary cause of 

aging and a major determinant of lifespan.13 This simplified theory has been one of the most 

popular explanations of aging. More recently there has been an increased interest in 

mitochondrial theory of aging, including mitochondrial oxidative stress, mitochondrial 

damage and its subsequent influences on aging and health span.14
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Regardless of an exact molecular mechanism of aging, decline at cellular level universally 

leads to gradual decay of many different tissues and organs and the kidneys are not spared. 

The universality of the process, present in all multi-cellular organisms makes it difficult to 

classify aging as a disease, per se. By affecting the basic structure and function of kidney 

cells, aging leads to GFR decline, changes in permeability of the capillary wall in glomeruli, 

increased susceptibility for podocyte injury, apoptosis, changes in tubular reabsorption and 

secretory capacities, changes in urinary concentration, and production of kidney-derived 

hormones and bioactive molecules.15-18 Podocytes, cells that have crucial function to 

maintain normal glomerular structure and capillary permeability, certainly undergo aging-

related changes. It is hypothesized that progressive reduction in number of viable and 

normally functioning podocytes, along with decreased capacity for their regeneration and 

repair, ultimately lead to glomerular obsolescence and also subtle deterioration of the 

integrity of slit pore membrane in glomeruli, affecting both whole kidney GFR and albumin 

permeability at the single nephron level.17-19

Structural Changes of the Aging Kidney

It is established that aging is undoubtedly associated with structural changes in the kidney, 

including not only glomeruli, tubules and the interstitium, but also the vasculature. Four 

decades ago, in one of the earliest post-mortem studies, Darmady and others showed a 

decline in the number of non-sclerosed glomeruli (NSG), loss of tubules, vascular changes, 

and increased frequency of tubular diverticuli in apparently healthy aging individuals.20 

Much later, studies of healthy living kidney transplant donors, with age spanning 6 decades, 

provided unique and ideal information on both structural and functional changes that occur 

with normal aging. Potential kidney donors undergo a battery of clinical evaluations, testing 

of kidney function, urinalyses and kidney computerized tomography (CT) angiograms to 

confirm health before donation. Finally, during the surgery, pre-implantational biopsy of the 

renal allograft can be performed, providing material for microscopic evaluation. Of note, 

similar evaluation of structural changes in kidneys with aging is possible in the “sudden 

death” autopsy cases (suicide or accidental death) of previously healthy individuals. 

However, the major drawback of these autopsy studies is lack of concurrent clinical 

information including kidney function tests.

The structural changes in aging kidney can be divided in the two broad categories, micro-

anatomical based on renal biopsy findings and macro-anatomical based on imaging studies 

such as CT scans.

A) Micro-anatomical changes

The major aging-related changes observed on microscopic evaluation include 

nephrosclerosis and nephron hypertrophy.

Nephrosclerosis

The main features of nephrosclerosis that can be found on a kidney biopsy include 

glomerulosclerosis (focal and global, but not segmental), tubular atrophy, interstitial fibrosis 

and arteriosclerosis (fibrointimal thickening) (Supplemental Figure 1). Arteriosclerosis of 
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small arteries in the kidneys is thought to cause an ischemic injury to nephrons, which over 

time progresses into global glomerulosclerosis and tubular atrophy. The main features of 

ischemic-related changes in the glomerulus are pericapsular fibrosis, wrinkling of capillary 

tufts, and progressively thicker basement membrane. In addition, Bowman’s space gradually 

fills with a matrix-like hyaline material, most likely due to disrupted balance between 

formation and breakdown of the extracellular matrix in the glomerulus.21 Finally, 

glomerular tufts collapse, leading to development of globally sclerotic glomeruli (GSG). 

These GSG may eventually be completely re-absorbed, or atrophy to a size that is too small 

to be clearly identified on standard renal biopsy sections.22,23 In addition to the GSG, the 

corresponding tubule atrophies with fibrosis accumulating in the surrounding 

interstitium.24,25

This increased prevalence of GSG with aging has been consistently replicated in several 

studies, including both autopsy-based studies and living kidney donors.10,22,24,26,27 In a 

sample of 1203 healthy living kidney donors there was a rising prevalence of GSG with 

increased age.24 For example, prevalence of GSG in the youngest group of kidney donors 

(18-29 years) was 19%, whereas it was 82% in the oldest age group (70-77 years). It can be 

assumed that with extreme elderly age, GSG would be universally found. Using a multi-

center sample of 2052 living kidney donors, reference limits (95th percentiles) have now 

been defined for the expected number of GSG on a biopsy section as predicted by age and 

the total number of glomeruli present.28 In addition to GSG, tubular atrophy, interstitial 

fibrosis and arteriosclerosis also increase with older age and can be combined to define a 

sclerosis score (Figure 1). If nephrosclerosis is considered as the presence of two or more of 

the four main aforementioned abnormalities, prevalence among the youngest living donors 

was only 2.7% but increased to 73% among the oldest living donors.24 Interestingly, this 

increase in prevalence of nephrosclerosis with age appears to be independent of the age-

related decline in whole kidney GFR.24

Nephron Hypertrophy

Nephrons are generally larger with diabetes and obesity, due to both glomerular and tubular 

hypertrophy.29-31 It is reasonable to expect that with the aging-related increase in GSG that 

compensatory hypertrophy occurs in the remaining functional nephrons.32,33 Some studies 

have shown a decrease of average glomerular size with age20,23 whereas others show an 

increase with age.34-36 However, it is unknown whether authors from these studies excluded 

sclerosed glomeruli in calculating overall average glomerular size. A study assessing 

nephron hypertrophy in kidney donors found no difference in NSG volume with age, 

however the profile mean tubular area was higher with age and the glomerular density was 

lower with age.12 Glomerular density inversely correlates with average NSG volume and 

profile tubular area.12,32,37 As nephrons hypertrophy, they disperse glomeruli further apart 

and thereby decrease their profile (cross-sectional) density. Glomerular density is lower in 

biopsies where <10% of the total glomeruli are sclerotic suggesting the nephrons 

hypertrophy with age can be detected in regions without significant nephrosclerosis. 

Glomerular density is higher in regions that have >10% of sclerotic glomeruli, suggesting 

that in regions of significant nephrosclerosis, atrophy of nephrons with age brings glomeruli 

closer together.32
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Nephron hypertrophy (higher NSG volume, larger profile tubular area, and lower glomerular 

density) appears to associate relatively weakly with older age alone but does associate more 

strongly with certain comorbidities that become more common with aging such as obesity 

and hyperuricemia.12 Importantly, older age (independent of comorbidities) is much more 

strongly associated with nephrosclerosis than with nephron hypertrophy.12

Number of functional nephrons declines in the aging kidney

Nephron endowment is thought to be an important determinant of renal health. There are 

approximately 700,000 to 1.8 million functional nephrons per kidney; however, this number 

progressively decreases due to aging with increased nephrosclerosis.36,38,39 The extent to 

which nephron endowment at birth is related to age-related structural or functional changes 

in the kidney is unclear. However, individuals with low birth weight likely have lower 

nephron endowment that accelerates their age-related decline in kidney function leading to 

earlier hypertension, CKD, and end-stage renal disease.40-42 Thus, nephron endowment at 

birth may contribute to risk of kidney disease when elderly.

Other Changes

Autopsy studies reveal a significant association between older age and the proportion of 

nephrons displaying tubular diverticuli.20 This is consistent with the finding that simple 

cysts (arising from these diverticuli) also show an increase in prevalence with aging.6

B) Macro-anatomical changes

The major aging-related changes found on CT scans include smaller cortical volume and 

presence of cysts and tumors, often benign.

Kidney Volume

Ultrasound and especially computerized tomography are the tools that allow fairly accurate 

assessment of the kidney size with aging. Two decades ago Emamian and colleagues used 

ultrasound in a sample of more than 600 adult volunteers, and showed that larger kidney 

volumes correlated with younger age, height, weight and total body surface area.43 Another 

contemporary study using CT scan in 360 patients with no kidney disease, authors found 

that in both genders, parenchymal thickness of a kidney declined 10% per older decade of 

age.44 A decline in kidney dimensions with age was replicated in a more recent study with a 

large sample size of 1040 asymptomatic patients.45 Furthermore, in a cohort of more than 

1000 patients, Bax and others demonstrated that concomitant atherosclerosis accelerated the 

age-related decline of kidney size.46 Conversely, a recent study that used 224 healthy 

potential transplant donors <65 years of age, showed that kidney parenchymal volume 

correlated directly with body size and male gender, but not with age.47 In a larger cohort of 

1344 potential kidney donors that included healthy individuals aged 18-75 years, kidney 

volume was relatively stable through age 50 years, and then started to decrease after this 

age.9 This study also found that the reason for a relatively constant kidney volume with 

aging through age 50 years was the cancelling effects of a declining cortical volume while 

medullary volumes increased with age (Figure 2). This trend changed after the age of 50 

years, when cortical volume continued to decline in both men and women, whereas 
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medullary volume declined only in women and remained relatively stable in men. Finally, it 

is possible that age-related increase in renal sinus fat may also be the reason for obscured 

decline in total kidney volume with aging in studies that do not adequately distinguish the 

kidney parenchyma from non-parenchymal regions when assessing kidney dimensions.43,44

The volume-losing lesions of GSG with atrophy of corresponding tubules (nephrosclerosis) 

would explain this age-related decline in kidney cortical volume. Likewise compensatory 

hypertrophy of non-sclerosed glomeruli and their attached tubules may help maintain kidney 

parenchymal volume with aging, at least until beyond middle age.24,32,34,35 In particular, 

hypertrophy of tubules that make up the medullary volume and attach to juxtamedullary 

glomeruli may explain the initial rise in medullary volume to compensate for sclerosis and 

atrophy of superficial nephrons in the cortex.48 The more accelerated loss of total kidney 

volume after about age 50 years9,49,50 is consistent with the hypertrophy of remaining 

functional nephrons no longer adequately compensating for volume loss from 

nephrosclerosis.32

Kidney Cysts and Tumors

Kidney parenchymal cysts are common and usually designated as “benign” when not due to 

malignancy or autosomal dominant polycystic kidney disease (ADPKD). These cysts 

become more frequent, larger and abundant with older age (Figure 3).6,51 Even among 

healthy adults, there is an association of these cortical and medullary cysts with larger body 

size, male gender, higher blood pressure, and albuminuria.6 Similarly to cortical and 

medullary parenchymal cysts, parapelvic, hyperdense cysts and angiomyolipomas are also 

more common with older age.6 Unlike parenchymal cysts, parapelvic cysts do not associate 

with hypertension and albuminuria, consistent with their lymphatic origin52 rather than the 

tubular origin of parenchymal cysts.11

Other Structural Changes

Other parenchymal changes that also become more frequent with normal aging include 

parenchymal calcifications, cortical focal scars, fibromuscular dysplasia (FMD) and renal 

artery atherosclerosis without stenosis.7 Of these changes, atherosclerosis of renal arteries is 

the most prominent, with a prevalence of 0.4% for age <30 years that increases to 25% for 

age 60-75 years.7

Functional Changes of the Aging Kidney

The primary measurement used to assess functional status of the kidney is total glomerular 

filtration rate (GFR). At present there is no way to directly assess the single nephron GFR in 

human subjects. Overall, single nephron GFR on average should be the whole kidney GFR 

divided by the number of functioning glomeruli. However, there can be considerable 

heterogeneity in single nephron GFR even between subjects with the same total GFR. It is 

likely that with aging, nephrosclerosis increases the heterogeneity of single nephron GFR. 

Understanding the extent total GFR detects underlying age-related parenchymal changes in 

the kidney is of critical importance since kidney CT angiograms and biopsies are not 

routinely performed in most patients.
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Age-related Decline in GFR

One of the pioneers of kidney physiology, Dr. Homer Smith introduced the concept of 

clearance, and described methods to measure GFR (inulin clearance), renal blood flow and 

secretion/reabsorption rates.53 In the same book, Dr. Smith described age-related decline of 

urea clearance. Contemporary work by Davies and Shock also confirmed the concept of age-

related decline in GFR. Among apparently healthy adults there was a linear decline of GFR 

beyond the age of 30 years, such as that by age 90 years, GFR was reduced by an average of 

46% from that found in youth.54 A subsequent longitudinal study several decades later 

showed that in 254 relatively healthy individuals (some of whom had diabetes) followed for 

up to 14 years there was average annual decline in urinary creatinine clearance (unadjusted 

for body surface area) of 0.75ml/min.55 About one third of these 254 individuals had an 

increase rather than a decrease in creatinine clearance with aging. But this finding might 

have been the consequence of the imprecision of calculation of the slopes of creatinine 

clearance over time as well as transient hyperfiltration that can be associated with 

comorbidities of aging, in particular, obesity, diabetes, and subclinical cardiovascular 

disease.56 The rate of decline in GFR of −7.5ml/min/decade is quite similar to −6.3ml/min/

decade observed in a cohort of potential kidney donors (Figure 4).24 As with any 

physiological parameter, there is normal variation with GFR and age-specific reference 

ranges for GFR are available.57,58 It is worthwhile noting that the upper reference limit (not 

just the lower reference limit) for GFR decreases with normal aging, and the distribution of 

creatinine clearance slopes with aging is Gaussian, being consistent with a physiological 

rather than a pathological process.57,58

A series of studies by Fliser et al. proposed that age-related decline in GFR is largely driven 

by a vascular (arterial) process, since the filtration fraction does not start to increase until 60 

years of age, whereas the GFR begins to decline at 30-40 years of age.59-61 It was tempting 

to speculate that nephrosclerosis and GFR decline are linked. However, as noted earlier, 

increased prevalence of nephrosclerosis with aging does not clearly explain the GFR decline 

with aging.24 In fact, in multivariable models adjusting for age and sex, nephrosclerosis on 

renal biopsy associates with urinary albumin excretion, nocturnal blood pressure, and 

hypertension but not with GFR.24 There is evidence that cortical atrophy with aging is 

linked to the same process that causes GFR decline, though there still are factors that 

contribute to GFR decline independent of cortical volume decline.9 Lew et al. suggested that 

some of the age-related GFR decline could be secondary to diminished protein intake, since 

decreased protein intake is common among older individuals and leads to a lower GFR.62

“CKD” due to age-related GFR decline

According to the Kidney Disease Improving Global Outcomes (KDIGO) guidelines of 

2012,63 CKD is present if the patient has a GFR less than 60 ml/min/1.73m2 that persists for 

3 months or longer, even in the absence of any confirmatory findings of kidney damage (e.g. 

abnormal albuminuria).A recent study performed among 610 individuals older than 70 

years, demonstrated that half had a measured GFR less than 60 mL/min/1.73m2 and would 

therefore meet criteria for the diagnosis of CKD, by KDIGO criteria.4 In clinical practice, 

estimated GFR (eGFR) based on serum creatinine is more widely used. However, the 

equations used for eGFR were derived using all CKD patients (MDRD study equation) or 
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mostly CKD patients (CKD-EPI equation) and both underestimate measured GFR in healthy 

adults, thus inflating the prevalence of CKD. This occurs because healthy individuals have a 

higher GFR at the same serum creatinine level as CKD patients due to higher muscle 

mass.64 For healthy patients with an eGFR of 45-59 ml/min/1.73 m2, the CKD-EPI equation 

underestimated GFR by 16% and the MDRD study equation underestimates GFR by 25%.65 

Thus, both the normal age-related decline in GFR and the underestimation of GFR by 

equations in healthy older patients lead to an over-diagnosis of CKD in the elderly. It has 

been suggested by the KDIGO 2012 guidelines that eGFR based on serum cystatin C 

measurements can be used in elderly patients to confirm whether eGFR based on creatinine 

of 45-59ml/min/1.73m2 without albuminuria is indeed reflective of true CKD. This is not an 

adequate solution to the problem as the normal age-related decline in GFR is not addressed. 

Further, while eGFR based on cystatin C is less biased by muscle mass, there is also 

misclassification of CKD due to the non-GFR biology of cystatin C that reflects obesity, 

inflammation, and atherosclerosis.66

The central argument to using eGFR, despite its inaccuracy, is that eGFR is an independent 

predictor of adverse events (prognosis). All eGFR equations include age as a predictor 

variable. Thus, age itself is a confounding factor in interpreting eGFR in the elderly since 

age is a strong predictor of cardiovascular diseases and overall mortality. Direct assessment 

of muscle mass for calculating eGFR rather than indirectly inferring muscle mass from age 

for eGFR is not practical but highlights the problem with eGFR inflating CKD in the 

elderly.67 Further, among elderly over age of 70 years without proteinuria, those who have 

eGFR between 45-59 ml/min/1.73m2 may not have significantly increased risk of mortality 

in comparison to those with eGFR ≥60 ml/min/1.73m2.68 Another study found that an 

increase in CV mortality starts to occur in elderly over 65 years of age when eGFR is less 

than 45 ml/min/1.73m2.69

The largest studies on outcomes with eGFR across different age groups have been conducted 

by the CKD Prognosis Consortium that analyzed 46 cohorts with more than 2 million 

individuals.70 A conclusion drawn from these data was that eGFR less than 60 mL/min/

1.73m2 is a threshold that should be used across the entire age spectrum to define CKD (i.e., 

no age-calibration of eGFR-thresholds is needed to define CKD).70 There are important 

objections to this conclusion. First, an emphasized justification for the <60 mL/min/1.73m2 

threshold in the elderly has been the high absolute risk of mortality even though the relative 

risk is quite low. Comparing absolute risk across age groups is problematic because humans 

have a limited life expectancy. A 20-year dying in the next 10 years is very different than a 

80-year old dying in the next 10 years. Relative risk rather than absolute risk better accounts 

for age differences in expected survival. Second, there is an increased risk of kidney failure 

in elderly patients with eGFR levels <60 mL/min/1.73m2, but this is still a relatively rare 

event in elderly patients with eGFR 45 to 59 ml/min/1.73m2 and better viewed as a normal 

age-related loss of renal reserves rather than an active kidney disease. Most elderly patients 

with these modest reductions in GFR will die before they ever develop end-stage renal 

disease.71 Third, very few elderly have a “normal” eGFR (>90 ml/min/1.73m2), thus some 

studies have used a mildly reduced eGFR of 75-89 ml/min/1.73m2 as the reference group.70 

However the optimal reference group that defines low risk of mortality depends on age. The 
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eGFR range associated with low mortality risk for age <55 years is ≥75 ml/min/1.73m2 but 

this decreased to 45-104 ml/min/1.73m2 for age ≥65 years (Figure 5). 70 This decline in the 

GFR range that corresponds to the lowest mortality risk with older age is consistent with a 

physiological rather than a pathological process.

Clinical Significance of the Aging Kidney

Normal senescence of kidneys with resultant decreased function is of clinical relevance 

when managing elderly patients. Dose adjustment of water-soluble medications that are 

cleared through kidneys may be needed and caution with non-steroidal anti-inflammatory 

drugs and contrast agents is warranted. Age-related nephrosclerosis with loss of functional 

nephron reserve undoubtedly makes even elderly patients more susceptible to acute kidney 

injury and a more severe initial presentation of a truly progressive chronic kidney disease.72 

Age-related kidney functional decline has very little effect on life expectancy, and alone, 

should not exclude motivated older individuals from kidney donation. In a recent study, 

Berger et al found that 219 healthy living donors older than 70 years actually had lower 

mortality rate as compared to healthy age-matched controls.73 In contrast, a Norwegian 

study reported that kidney donors had increased long-term risk for ESRD, cardiovascular 

and overall mortality compared to a control group.74 However, this study did not present 

whether the risks were different between younger and older donors.

Conclusions

Senescence or normal healthy aging of the kidney is characterized by progressively 

increasing nephrosclerosis with loss of functional glomeruli and decreased overall kidney 

function as determined by GFR. To some extent the decline in kidney cortical volume from 

nephrosclerosis is compensated by nephron hypertrophy of the remaining nephrons most 

notable in the medulla. As the patients ages beyond about 50 years this compensation is less 

adequate and total kidney volume begin to decline. Nephrosclerosis and cortical volume loss 

do not fully explain the age-related decline in GFR and there may be less metabolic demand 

for GFR in the elderly.75-77 Fixed GFR thresholds for diagnosing CKD are not reasonable 

because they fail to account for the decline in GFR with normal aging. Both studies of GFR 

in normal healthy populations and those of mortality outcome by level of GFR in the general 

population support the use of a lower GFR reference range to define CKD in the absence of 

other signs of kidney damage, probably in the vicinity of <45ml/min/1.73m2 among elderly 

adults.
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Clinical Summary

• There is a rising prevalence of nephrosclerosis with aging, from 2.7% for 

healthy individuals younger than 29 years up to 73% for healthy individuals 

over age 70 years.

• Total kidney volume remains stable through about age 50 years due to declining 

cortical volume and a compensatory medullary volume increase, but decreases 

with aging beyond 50 years.

• Glomerular filtration rate declines with normal aging and mortality data 

supports the use of a lower range of glomerular filtration rate to define normal in 

the elderly compared to younger adults.

• There are substantial reasons to be concerned that a fixed glomerular filtration 

rate threshold of < 60 ml/min/1.73m2 to define chronic kidney disease leads to 

over-diagnosis in the elderly and under-diagnosis in younger adults.
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Fig 1. Sclerosis score by age group among 1203 living kidney donors
Sclerosis score is defined as the total number of chronic histological abnormalities between 

any global glomerulosclerosis, any tubular atrophy, interstitial fibrosis >5% and any 

arteriosclerosis. In the figure, a score of 0 (absence of any abnormality) is white, a score of 4 

(presence of all four pathological abnormalities) is black, and intermediate scores are on a 

gray scale.
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Fig 2. Effect of age on total kidney, cortical and medullar volumes
(A) Among 1281 living kidney donors cortical volume declines, whereas medullary volume 

increases, making total kidney volume relatively stable until about 50 years of age. After 

which, medullary volume does not increase anymore and total kidney volume begins to 

decline. Results were normalized to the total kidney, cortical or medullar volumes in 18-19-

year age group. (B) Schematic illustration of cortical and medullary volume changes with 

aging (Modified with permission from Kidney International).78
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Fig 3. Number of cortical and medullary simple cysts ≥5mm by age among 1948 potential living 
kidney donors
In the figure fraction with no cysts is shown in white, whereas black represents the fraction 

of 3 or more cysts. Intermediate fractions on a gray scale represent presence of 1 or 2 cysts.
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Fig 4. 
GFR declines with normal aging whether measured or estimated (MDRD study equation) 

among 1057 potential kidney donors in both women (A) and men (B).24
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Fig 5. Adjusted Hazard Ratios for all-cause mortality by categories of eGFR and age in patients 
with little or no albuminuria
Associations of eGFR with all-cause mortality are presented across 4 different age groups 

(18-54, 55-64, 65-74 and >75 years) for <10 and 10-29 mg/g urine albumin to creatinine 

ratios. Reference group for individuals 18-54 years old is eGFR >105 ml/min/1.73m2, for 

55-64-year-old is eGFR 90-104 ml/min/1.73m2, for 65-74-year-old is 75-90 ml/min/1.73m2, 

and for older than 75 years, 60-74 ml/min/1.73m2. Adjusted hazard ratios were based on 

pooled estimates from 33 population cohort studies. Note the shift of low risk eGFR groups 

to lower ranges of eGFR with older age (dashed arrow). Figure calculated from published 

tables.70
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