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Aging and the Kidneys

Fatih Dede, Canan Yazial Ozgiir

Abstract

Various anatomical and physiological changes occur in the kidneys on aging. Systemic hemodynamics in kidney functioning, which is quite
important in aging-induced adaptation to these changes, undermines the ability of the kidneys. Acute kidney injury and fluid balance in the
head, including the development of the deterioration of many older patients with kidney disease, are much more frequently observed. There
is an increase in the frequency of comorbid diseases and related drug use in this age group. Many causes of renal pathology have emerged.

Keywords: Acute kidney injury, aging, kidneys

Department of Nephrology, University of Health
Sciences, Ankara Numune Training and Research
Hospital, Ankara, Turkey

Address for Correspondence:
Fatih Dede
E-mail: fatded@yahoo.com

Received: 18.08.2016
Accepted: 09.11.2016

© Copyright 2017 by Available online at
www.istanbulmedicaljournal.org

With socioeconomic development, the access to health services has become widespread. With the
expansion of an effective and efficient health care network, the elderly population continues to
grow, especially in developed countries. As a result, new approaches in the field of nephrology are
required, as in every other branch.

Along with aging, various anatomical and physiological changes occur in the kidney. These chang-
es become evident particularly after the fourth decade, and they include not only structural, but
also functional changes (tubular and glomerular functions). The changes that occur with aging
weaken the adaptability of kidney, which plays a very important role in systemic hemodynamics.
Many kidney diseases are more easily and frequently observed in elderly patients, especially in
case of impaired fluid balance and development of acute renal damage (ARD). These changes
that accompany aging facilitate the development of new kidney pathologies, particularly in the
presence of additional disorders that can lead to kidney disease, such as diabetes mellitus (DM),
atherosclerotic vascular diseases, and hypertension (HT). Chronic kidney disease (CKD) is an im-
portant problem observed in the elderly population; the complications associated with CKD are
more common in the elderly patients when compared to younger patients. Especially in the pres-
ence of additional comorbid conditions, there are many difficulties present in managing these
complications (1, 2). Although there is no accelerating factor in approximately 5% to 10% of the
population, there is a decrease in renal function with age, and there is no measurable reduction
in 30% (3).

Structural Changes

The kidney mass increases with age and reaches the maximum weight and volume in the third
decade. Starting with the fourth decade, the kidney mass begins to decrease, especially in the
cortex. The kidney mass, which ranges from 200 g to 270 g at the age of 30, decreases at a rate of
20%—30% to 180 g—200 g at the age of 90. The loss of cortex tissue occurs with the loss of nephron
function and decrease in glomerular filtration rate (GFR). Focal sclerosis and glomerular basement
membrane thickening were detected in autopsies of individuals without renal disease. Sclerosis
or hyalinization in the glomeruli starts at the age of 30. While the rate of fully sclerosed glomeruli
was found to be 1%—2% at the age of 30 under the light microscope, this rate reaches 10%—12% on
average at the age of 70 (2-5). Total glomerular volume increases with aging. An increase in endo-
thelial and mesangial cells accompany this increase. An increase in the number of mesangial cells
and an increase of mesangial matrix are thought to be a benign process. Podocytes are postmi-
totic and do not replicate. As a result, the ratios in total glomerulus volume decrease (5, 6). While
aging is accompanied by thickening of tubule cell membrane, tubular atrophy and interstitial
fibrosis together with the loss of glomeruli due to the loss of cortex, hypertrophy, and hyperplasia
develop in the atrophic nephrons, especially in the proximal tubules (4). There have been no sig-
nificant changes observed in the structure of the distal tubule with aging. Intimal thickening and
concomitant sclerosis in the arterioles and large vessel walls are the changes depending on aging
that is observed in the vascular bed (7).
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Functional Changes

With aging, the kidney physiology changes as well. The GFR has
been shown to decrease by 0.8 mL/min/year every year from the
age of 30 onwards (8). This decrease in GFR is associated with the
decrease in the number of nephrons (3, 9). While the renal plas-
ma flow is 600 ml/min at the age of 30, it declines to 300 ml/min
at the age of 80, decreasing 10% per each decade. This decrease
is accompanied by an increase in both afferent and efferent ar-
teriolar resistances (10). The ability to modulate renal medullary
oxygenation has been shown to reduce in functional magnetic
resonance imaging in elderly volunteers. This reduction may be
due to changes in the renal autocrine system (prostaglandins,
dopamine, nitric oxide, natriuretic peptides, or endothelin) or
vascular changes. As a result, there is an increased susceptibility
to ischemic ARD in the aging kidney (3, 11). The most important
changes observed with aging in tubular function are the reduc-
tion in the ability of urine concentration and acidification. De-
crease in the concentration may be associated with inadequate
response to intrinsic defects or antidiuretic hormone (ADH) in the
tubular epithelium (3, 9).

Serum creatinine levels are not a healthy indicator of GFR that de-
creases with age, because the muscle mass also decreases with age
similar to GFR. While muscle mass is 19% of body weight at the
age of 25, this rate regresses to about 12% at the age of 70 (12).
Therefore, this should be taken into consideration when adjusting
medication especially in elderly patients, and it should be kept
in mind that there may be a significant decrease in GFR without
an increase in serum creatinine concentration (13). In 1999, the
Modification of Diet Renal Disease (MDRD) formula was started to
be used for GFR calculation. However, the fact that this formula
includes the patient population from 18 to 70 years limits its use in
the elderly (13). Creatinine clearance formulas that were calculated
using the MDRD formula, the Cockcroft Gault formula, iothalamate
clearance, and 24-hour urine volume were compared in the stud-
ies including the elderly, and there were significant differences
observed. As a result, the gold standard was determined to be the
iothalamate clearance (9, 14). However, because this process is ex-
pensive and the practical daily use is limited, the most reliable
results are obtained with creatinine clearance formula calculated
using 24-hour urine volume (9).

FORMULA 1. By collecting urine for 24 hours (15);
Creatinine clearance (ml/min)=urine mg/dL) x Daily urine
volume (mL)/serum

creatinine (

mg/dL) x 1440

creatinine (

FORMULA 2. Only by examining serum Cockcroft-Gault for-
mula) (16)

Creatinine clearance = (140-Age) x (Ideal weight)/ Serum creati-
nine (mg/dL) x 72

The value found in women is multiplied by 0.85.

Ideal weight (for male)= 50+2.3 x Height(cm)-152.4) / 2.54

Ideal weight (for woman) = 45.5+2.3 x Height(cm)-152.4) / 2.54

creatinine (

Liquid—Electrolyte/Acid-Base Balance

Approximately 60% of body weight in a healthy young man and
52% in a healthy young woman consists of water. In the age group
of 65 and over, this rate decreases to 54% in males and 46% in fe-
males (17). A decrease in body water percentage along with aging
increases the predisposition of elderly individuals to dehydration
(18).

Along with aging, due to an increased absorption of distal tubule
sodium and medullary blood flow associated with a decrease in
GFR, maximum concentration and dilution ability of the kidney
diminishes (19). While the mean osmolality is 1109 mOsm/kg
H,0, and minimum urine osmolality is 52 mOsm/kg H,0 in per-
sons younger than 40, these values are 882 mOsm/kg H,0 and 92
mOsm/kg H,0, respectively, in persons older than 60 (20).

A decrease in GFR that accompanies aging, interstitial fibrosis, a
decrease in basal renin activity and aldosterone levels, and an
inadequate target organ response to ANP lead to a decrease in
sodium reabsorption from the distal tubules; consequently, there
is an imbalance between dietary sodium uptake and urinary so-
dium loss (21-23). While the risk of hypernatremia increases be-
cause the response to thirst weakens in individuals over the age of
65 (24), hyponatremia can easily develop with the application of
thiazide group diuretics and nonsteroidal anti-inflammatory drugs
(NSAIDs) (25). As a result of aging and a muscle mass decrease,
a total amount of body and variable potassium decreases (26). A
decreased activity of Na*/K*-ATPase that occurs with aging causes
a decrease in the kaliuretic response. Clinical trials have shown
that the risk of hyperkalemia is higher in elderly individuals due to
the use of potassium-sparing diuretics, beta-blockers, angiotensin-
converting enzyme inhibitors (ACE-1), ketoconazole, and cyclospo-
rine (27). At the same time, diuretic-induced hypokalemia is more
common in elderly patients (28). It has been found that, along with
aging, the activity of the 1-a hydroxylase enzyme in the kidney
decreases (29), no change occurs in calcium reabsorption from the
kidneys, and phosphorus reabsorption decreases, especially after
the restriction of calcium and phosphorus in the diet (30).

Although the blood pH and HCO3 concentration in the elderly are
within normal limits, as a consequence of anatomical or function-
al changes in tubules with aging, the ammonium excretion de-
creases, and the response of the kidney to adaptation deteriorates,
especially when the acid load suddenly increases (17).

KIDNEY DISEASES IN THE ELDERLY

Acute Kidney Injury

Depending on the anatomical and physiological changes develop-
ing in the kidney with aging, in addition to the insufficiency of
adaptation mechanisms of the kidney, the frequency of comorbid
diseases, increase in the number of drug use, and the pathologies
that cause obstructive uropathy, which is common in the elderly
population, especially in male patients, increase the predisposi-
tion to AKI (31, 32).

The most common cause of AKI in the geriatric age group is pre-
renal azotemia. In this age group, in addition to the decrease in
renal blood flow and GFR, atherosclerotic vascular disease that
is already existing, especially poor fluid intake or loss, reduced
cardiac output, medications (NSAIDs, ACE-I, angiotensin receptor
blockers [ARB]), and situations such as fluid redistribution also
increase predisposition to AKI depending on azotemia (30, 33).
NSAID-associated AKI is more common in the elderly than in the
general population. Prostaglandins play an important role in re-
nal autoregulation. The decrease in prostaglandin inhibition and
glomerular blood flow associated with the use of NSAIDs signifi-
cantly increases the risk of developing AKI, particularly in the cases
of concomitant intravascular volume decrease or decreased total



body water. Similar effects are valid for other drugs (ACE-I) that af-
fect intrarenal hemodynamics and renal autoregulation through
different mechanisms (34, 35).

Acute glomerulonephritis, acute tubulointerstitial nephritis (ATIN),
and renovascular diseases are the most common causes of reno-
paranchymal AKI in elderly patients. In patients in whom biopsy
was performed, the most common histopathology is rapidly pro-
gressive (crescentic) glomerulonephritis (RPGN). Vasculitis and id-
iopathic crescentic glomerulonephritis constitute more than half
of these cases (31, 33). Acute tubular necrosis (ATN) develops as a
result of the exposure to prolonged renal ischemia or nephrotox-
ins. Renal hypoperfusion and the factors leading to ischemia are
closely related to ATN. Intraoperative hypotension, peripapillary
fluid loss, and arrhythmias in major surgical procedures constitute
one-third of the ATN cases. Radiocontrast and aminoglycoside use
are the other important etiologic factors (32, 35). Cholesterol em-
bolism is also among the causes of AKD in elderly patients. It may
be spontaneous, and cholesterol crystals may occlude small renal
arteries by splitting off the atherosclerotic plaques, especially af-
ter cardiac catheterization and aortic angiography (36). Although
less frequently seen; rhabdomyolysis, infections, cerebrovascular
events, crush syndromes, hyperosmolar causes, hypothermia, and
trauma may cause ATN development in elderly patients (37).

Approximately 5% of elderly patients with acute renal failure have
postrenal causes. Benign prostatic hyperplasia, prostate carci-
noma, retroperitoneal or pelvic neoplasms (such as non-Hodgkin
lymphoma), neurogenic bladder, bladder, cervix, ovarian, and
rectum cancers are common causes of postrenal AKI in elderly
patients. Early diagnosis and opening of the obstruction are very
important in the preserving of renal functions in postrenal AKI. In
case of a complete obstruction lasting more than 4 weeks, the in-
cidence of permanent renoparanchymal injury increases (32, 37).

In elderly patients with acute renal injury, the anamnesis is quite
suggestive, as in young patients. The volume status of the patient
should be well assessed, and the examination in the etiology
should be done in detail. The parameters suggesting potential
nephrotoxic drug presence and obstruction should be carefully as-
sessed. Because of a prominent decrease in urine concentration
ability that occur with aging, the reliability of urine indexes such
as urinary sodium concentration and fractionated sodium excre-
tion, which are applied to in the case of prerenal azotemia, is re-
duced. The most reliable method for the diagnosis of prerenal AKI
in elderly patients is hourly urine response to appropriate fluid re-
placement and the follow-up of renal functions. Ultrasonography
(USG) is a good method that shows obstructions. It is quite valuable
in evaluating the size and parenchyma of the stone, mass, and
kidney (38).

Renal biopsy should be planned in case of absolute anuria when
no obstruction can be detected; a systemic disease such as vasculi-
tis, which can significantly change the treatment with the diagno-
sis; AKI developing during the kidney transplantation; and RPGN,
ATIN, and prolonged oliguria/AKI (>4 weeks) whose etiologic fac-
tor is unknown. Advanced age is not a contraindication for kidney
biopsy alone (31, 38).

The treatment approaches to AKI in elderly patients are similar to
those in the general population. Providing adequate intravascular
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volume is necessary to maintain renal blood flow. Proper heart
catheterization and hemodynamic monitoring may be necessary
in critical patients. Dopamine, phenoldopam, which is a dopa-
mine 1 receptor agonist, combinations of a and p adrenergic
agonists, calcium channel blockers, mannitol, norepinephrine,
different peptides, and growth factors all have been used in the
treatment of AKI but have not shown any absolute benefits. Since
the number of comorbid diseases in these patients is high, and
the catabolic process significantly increases in the presence of AKI,
nutritional support should be planned effectively (9, 38).

In cases when renal replacement therapy is required, the dialysis
method, dialysis dose, and the starting time of dialysis have not
been shown to be associated significantly with the survival of the
kidney and patient. Each patient should be assessed separately in
terms of volumetric status and solute clearance targets, and dialy-
sis dose should be planned taking other accompanying catabolic
processes into consideration. Continuous and slow-flow methods
may be preferred for hemodynamically instable patients, for those
with high intracranial pressure, and for the removal of medium
molecular weight toxins (33, 38).

Glomerular Diseases

Glomerulonephritis is the third most common cause of the end-
stage renal disease (ESRD). When its close relationship with renal
survival is considered, an effective treatment is of great impor-
tance, following a rapid and accurate diagnosis. Elderly patients di-
agnosed with biopsy-proven glomerulonephritis may present with
the following forms of disease upon admission (39, 40):

1. Asymptomatic urinary abnormalities

2. Acute nephritic syndrome or acute glomerulonephritis: he-
maturia, nonnephrotic proteinuria, reduction in GFR, water
and salt retention, hypertension, and AKI

3. Rapidly progressive glomerulonephritis: acute onset, progres-
sive loss of renal function, frequent oliguria, and systemic
findings (pulmonary and skin involvement)

4. Nephrotic syndrome: severe proteinuria, edema, hyperlipid-
emia * hypertension, AKI

5. Chronic glomerulonephritis: progressive clinical course, pro-
teinuria at different degrees, hematuria, hypertension, and AKI

In addition to the thickening of glomerular basement membrane
and the narrowing of the glomerular surface area that occur with
aging, the rise in the prevalence of autoantibody and immuno-
complexes increases immunocomplex-mediated glomerular in-
jury risk (40, 41).

Acute glomerulonephritis and RPGN are common forms in elderly
patients, especially those with AKI. Postinfectious glomerulone-
phritis was detected in 6%—8% of geriatric patients. While clinical
features resemble the young population, the incidence of hyper-
tension, azotemia, and ESRD is higher in geriatric population (31,
40). The most frequent pathologic finding in kidney biopsies of
the patients in whom RPGN is detected is isolated primary pauci-
immune glomerulonephritis. ANCA (mostly pANCA) is positive in
approximately 45%-55% of these cases. Histological findings of
small-vessel vasculitis outside the kidney were detected in 20%-
25%. Most of the remaining patients are patients with cANCA-re-
lated Wegener's granulomatosis in whom pulmonary involvement
accompanies the clinic. The presence of infection, drug use, pres-
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ence of hepatitis C, cryoglobulinemia, and Henoch-Schénlein Pur-
pura should absolutely be kept in mind as secondary causes in pa-
tients diagnosed with RPGN. ANCA was not detected in 10%-20% of
patients with isolated primary pauci-immune glomerulonephritis
(39). In the presence of RPGN, the combination of corticosteroids
and cyclophosphamide is most commonly used in treatment, as in
other age groups. Although elderly patients were shown to have a
significantly lower 5-year survival compared to younger patients
(31% and 83%, respectively), and despite the high side effects of
cytotoxic and corticosteroid treatments, renal survival is outstand-
ing in patients receiving treatment (39-41).

All of the primary glomerular diseases, especially membranous
glomerulonephritis, can be found in patients with diagnosed ne-
phrotic syndrome. While secondary glomerular diseases due to
amyloidosis and diabetic nephropathy are more frequently ob-
served in patients with heavy proteinuria, the etiologic causes of
secondary etiologic factors such as malignancies (especially lung,
colon), chronic infectious diseases, and drugs should be investi-
gated in these patients. IgA nephritis is not often seen in elderly
patients. Despite higher albumin levels in patients in whom ne-
phrotic syndrome is detected, hypercoagulability and associated
thromboembolic complications are more frequently observed, in
addition to an increase in the frequency of edema (42).

Renovascular Diseases

Atherosclerosis-related renovascular diseases are among the
causes of secondary hypertension and acute/chronic kidney dam-
age (ischemic nephropathy) that are observed in the elderly popu-
lation and should not be ignored. Ischemic nephropathy is defined
as a reduction in GFR, resulting from partial or complete luminal
obstruction of the preglomerular renal arteries. Depending on the
level of renal perfusion reduction, it may occur in different clini-
cal forms as uncontrolled HT, AKI, CKD, and/or AKI in the basis of
CKD. In patients with advanced renovascular disease, AKI has been
shown to develop in 6%—38% of patients with the use of ACE-I/ARB
treatment. The incidence of renovascular hypertension in the en-
tire hypertensive patient population is 2%-3%. A stenosis (75%-80%)
at the level that can initiate events leading to the development
of renal tissue ischemia and hypertension is considered to be a
significant renovascular disease. Newly diagnosed hypertension,
inability to take the blood pressure under control during treat-
ment, the presence of diffuse atherosclerotic vascular disease, the
development of AKI after starting the ACE-1 and/or ARB treatment,
the presence of unknown azotemia, recurrent pulmonary edema,
Grade 3-4 hypertensive retinopathy, hypokalemia deepening with
the use of diuretics, and renal artery stenosis in the presence of
microangiopathic hemolytic anemia should be considered after
the age of 50 (43, 44).

Atheroembolic renal disease is azotemia caused by preglomerular
ischemia. In general, atheroembolic disease should be considered
in the presence of eosinophilia accompanying AKI, purpuric-isch-
emic skin lesions and severe proteinuria that can be at nephrotic
level. The patients in whom endovascular intervention is applied,
particularly for diagnostic or therapeutic purposes, should be
closely monitored for cholesterol embolism (9, 43).

Tubulointerstitial Diseases
Several histological changes that include interstitial fibrosis and
mononuclear cell infiltration developing in tubulointerstitial

localization due to aging may cause clinical changes consistent
with tubulointerstitial nephritis in the presence of infectious
agents, physical, chemical/toxic, and immunological agents af-
fecting particularly this area (9). The pattern of tubular dysfunc-
tion changes according to the anatomical location of the injury.
Proximal tubular involvement is characterized by the Fanconi
syndrome (bicarbonaturia, glucosuria, hyperuricosuria, hyper-
phosphatry, and aminoaciduria). Whereas distal tubular lesions
are associated with distal tubular acidosis, the ability to secrete
potassium, and the decrease in sodium reabsorption, medullary
lesions involving the papillae occur with the loss of salt and the
decrease in the ability of the kidney to concentrate urine at a
maximum level. In ATIN etiology, hypersensitivity reactions asso-
ciated with infectious agents and medicines (primarily antibiot-
ics such as penicillin and cephalosporin group and NSAIDs) are
the most frequently described as the cause in elderly patients, as
well as in other age groups (45).

Chronic Kidney Disease

Chronic kidney disease (CKD), which is defined as the presence of
structural, imaging, or laboratory findings indicating renal dam-
age for at least 3 months with or without reduction in GFR, or the
detection of GFR<60 mL/min/1.73 m? with or without renal injury
for at least 3 months, shows the same symptoms and findings in
elderly patients as in the general population (9). Considering the
co-morbhidities accompanying advanced age, the risk of cardio-
vascular disease is increased. Renal osteodystrophy, which begins
to be observed particularly in Stage 3 CKD, causes an increase in
morbidity due to bone fracture, weight loss, and soft tissue calci-
fication in elderly patients. Anemia and associated left ventricular
hypertrophy, congestive heart failure, and myocardial ischemia in-
crease mortality in elderly patients with CKD (46-48). Hemodialysis
is still the most preferred renal replacement therapy option in the
world for Stage 5 CKD. According to the Turkish national nephrol-
ogy, dialysis and transplant registry system report for 2014, 43% of
the hemodialysis patients are over 65 years of age, and 17.5% of
them are over 75 years of age (49).

Aging is an important process that affects all systems in the body.
Anatomical and functional changes in age-related functional re-
nal mass occur with inadequate adaptation in kidney response,
especially to systemic hemodynamic changes. An increase in the
frequency of comorbid diseases and related drug use in this age
group lead to more frequent and complex confrontation of many
renal pathologies, especially AKI and fluid/electrolyte disorders.
When evaluated in this context, a close follow-up is crucial for re-
nal survival, cost, and patient morbidity and mortality, especially
in elderly patients having the risk factors for renal parenchymal
disease development, and in the presence of pathologies that
newly emerge and require additional treatment.
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