
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  266,  2021

Abstract. As life expectancy increases, a rise in the number of 
chronically ill patients is observed due to the aging population. 

Among the various diseases, chronic kidney disease is at 
present one of the main causes of morbidity and, due to its 
typical complications, it is also one of the most important causes 
of mortality in the general population. For these reasons, the 
understanding of the kidney aging process, its consequences 
and its adequate management are essential. The judicious 
use of certain types of drugs, the prevention of episodes of 
renal injury either by toxic mechanisms or by dehydration are 
important aspects and are part of the apropriate approach for 
elderly patients. The most effective treatment of various types 
of conditions with a negative impact on renal function and for 
which an increased incidence is known as we age should also 
be considered. Thus, in the case of elderly patients, in order to 
protect the kidneys, an integrative approach is recommended, 
one that includes both elements of prevention and the appro‑
priate treatment of existing diseases.
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1. Introduction

The increase in life expectancy has led to the need to prevent 
early senescence, by promoting healthy aging and maintaining 
the quality of life for as long as possible. In other words, the 
aim is to maintain the ability of the body to function properly 
until old age, through pharmacological and non‑pharmacolog‑
ical methods. The concept of functional ability is accepted by 
the World Health Organisation and is part of the definition of 
healthy aging (1,2). The aging process is found in all organs. 
A large number of studies deal with the kidney involvement 
within this process (3). Thus, along with aging, comes the 
development of a specific phenotype (as far as the kidney is 
concerned) which encapsulates the decrease of the renal paren‑
chyma mass (predominantly at the cortical level), increased 
vascular resistance and decreased renal perfusion (4). The 
outcome of these changes is represented by the onset of 
glomerulosclerosis and interstitial fibrosis, tubular atrophy and 
last but not least, of arteriosclerosis (4). Hydroelectrolytic and 
metabolic disorders occur in elderly patients secondary to the 
aforementioned changes (3).

The kidney is subjected to numerous structural changes 
which will later cause the disruption of the physiological 
processes. Thus, the varying number of nephrons (between 
700.000 and 1.8  million) decreases with age (5). According 
to the literature studies, approximately 6,000 nephrons/kidney 
are lost annually  (6). The number of nephrons is directly 
proportional to the weight of a person at birth, thus, in patients 
with a smaller number of nephrons the process is quick‑
ened (5). The early onset of hypertension and chronic kidney 
disease also contribute to the process (5).

Chronic kidney disease  (CKD) represents one of the 
clinical models of aging (7).

The main risk factors leading to CKD are high blood 
pressure and diabetes  (8,9). CKD is also associated with 
a series of other factors, such as: sex, race, family history, 
low birth weight, obesity, socio‑economic status, smoking, 
various systemic diseases, and genetic, toxic or obstructive 
factors (10‑14).

The increased kidney damage in male patients is due to 
hormone influence, according to studies (13‑17). The androgen 
hormones are also considered a factor in the progression of the 
CKD (16).

Female sex hormones, acting through the receptors at 
this level, have a protective role in the kidney aging process. 
Estrogens prevent fibrosis by influencing certain processes 
specific to the aging process, such as decrease of the collagen 
synthesis. On the other hand, male sex hormones have an 
important profibrotic action. Testosterone stimulates matrix 

expansion, and also plays a key role in accelerating the apop‑
tosis of the convoluted proximal tubule cells. It is, thus, easy 
to understand the fact that in women, in whom diminished 
estrogen and increased testosterone levels occur during the 
aging process, the risk of developing kidney degenerative 
lesions is higher (18,19). One of the characteristics of kidney 
aging is glomerular sclerosis, markedly more important 
in male patients. The stimulation of the production of the 
extracellular matrix by the androgen hormones as well as the 
increase of the metalloproteinases in female patients are the 
factors responsible for the glomerular sclerosis related to the 
sex of the patient. There is also a sex‑related difference in the 
renal plasma flow. In fact, a smaller plasma flow is described in 
females compared to males. The early diminished glomerular 
filtration rate (GFR) can also be observed in women (18,19). 
An important factor in the differentiation between sexes is 
played by the beneficial influence of estrogen on nitric oxide 
synthetase (NOS). A later increase of one of the NOS inhibi‑
tors‑asymmetric dimethylarginine (ADMA) is found in female 
patients (13,18,19). In opposition, it should be mentioned that 
androgen hormones stimulate the renin‑angiotensin‑aldo‑
sterone system (RAAS). This in turn leads to the increase 
of blood pressure and amplifies the kidney degenerative 
changes (18,19).

The association of obesity with clinical conditions including 
endothelial dysfunction, chronic inflammation, prothrombotic 
state and hypervolemia plays a significant role in the onset of 
CKD. Another association is smoking, which represents a key 
risk factor for CKD (14). Chronic kidney disease can also be 
caused by systemic diseases, such as autoimmune diseases, 
cardiovascular diseases, hepatic diseases, viral infections 
(VHB, VHC and HIV) and certain neoplasms (20).

The episodes of acute kidney injury (AKI) represent risk 
factors for CKD, as well. This is mainly due to inadequate 
recovery factors including the expression of the kidney injury 
molecule‑1 (KIM‑1), the presence of chronic inflammatory 
infiltrate and microvascular changes, recurrent tubule injury, 
profibrotic factor secretion, interstitial collagen and glomeru‑
losclerosis deposition. These are all mechanisms responsible 
for the kidney aging related post‑acute injuries (21).

2. Renal aging

Literature studies emphasize the important role of the Klotho 
protein in preventing the aging process (13,22,23). In kidneys, 
this protein is mainly localized in the distal convoluted 
tubule (13,23). Klotho protein acts as a co‑receptor for the 
fibroblast growth factor 23 (FGF‑23) and thus, the activation 
of FGF receptor by FGF‑23 depends on Klotho presence. 
FGF‑23 is a phosphaturic hormone produced in the bones. Its 
main activity, regulation of the mineral‑bone metabolism, is 
performed through the following mechanisms: The mainte‑
nance of the serum phosphorus levels within normal limits, 
the stimulation of the parathyroid hormone synthesis (PTH) 
and vitamin D3 secretion in kidney (22,23).

The influence of Klotho in kidney aging prevention 
can be inferred from its physiologic roles. Klotho reduces 
oxidative stress, regulates phosphocalcic metabolism, and 
endothelium‑depedendent vascular reactivity, as well as 
modulates the activity of the calcium channels in the tubular 
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cells. The increase of oxidative stress, the chronic stimula‑
tion of angiotensin  II  (AT‑II) and CKD decrease Klotho 
activity (13). A reduced Klotho level and an increased FGF‑23 
serum level accelerate the aging in CKD and the onset of arte‑
riosclerosis (22). Muscle and skin atrophy, osteoporosis and 
ectopic calcifications were identified in mice with Klotho defi‑
ciency (22). Concurrently, literature studies have described the 
enhancement of vascular changes and the interstitial fibrosis 
along with Klotho transfection, emphasizing the importance 
of the protein in kidney degeneration (13). The decrease of 
the expression level of Klotho in the aging process has been 
demonstrated to cause not only the increase of FGF‑23 (a 
factor with a major impact on cardiovascular morbidity and 
mortality) serum level, but also the activation of the Wnt 
signaling pathway. During the aging process, the decrease of 
the FGF‑23 and the activation of the Wnt signaling pathway 
represent the indirect way through which Klotho reduction 
influences the onset of the kidney fibrosis (22).

Medical progress has led to the development of therapeutic 
agents which, among other roles, have the ability to increase 
Klotho expression. Some of these agents are: peroxisome 
proliferator‑activated receptor gamma (PPAR‑γ) activators, 
angiotensin receptor blockers  (BRA), statins and active D 
vitamin derivatives  (23). Other benefits are mentioned for 
some of these drugs in connection to the kidney aging preven‑
tion. Secondary to the administration of PPAR‑γ agonists, 
Klotho expression increases and oxidative stress and kidney 
inflammation decrease. Taking into account the increase of 
AT II with aging and the augmentation of the oxidative stress 
and kidney fibrosis, the benefit of BRA in the improvement of 
degenerative kidney changes can be assessed (23).

The changes in telomere length contribute to abrupt kidney 
aging. These nucleotide sequences are formed in the presence 
of telomerase and are found at the end of the chromosomes. 
Their role is to protect the genetic material and to block 
chromosome degradation. The enzyme related to formation of 
telomeres cannot be identified in the kidney, which explains 
why telomere shortening is frequently found in the kidney 
during the aging process. The shortening of telomeres leads to 
aging and cellular apoptosis through cell instability. It should 
also be mentioned that the shortening of the telomeres is one of 
the factors that prevent ischemic postinjury recovery (13,23).

Oxidative stress appears as a result of the imbalance 
between the production and the degradation of free radicals 
and generates tissue injuries. Both vascular and non‑vascular 
enzymes contribute to the development of oxygen reactive 
species, emphasizing the importantance of nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase, dysfunc‑
tional mitochondrial respiratory chain, lipoxygenase and 
xanthine oxidase in the onset of oxidative stress (24). A large 
segment of the degenerative changes of the old kidney occur 
secondary to important oxidative stress. According to findings, 
aging reduces renal perfusion and increases ADMA synthesis, 
with an important role in the shortening of the telomeres. The 
increased level of homocysteine, which is a constant presence 
in patients with CKD, has an indirect effect of NOS suppres‑
sion (25).

In patients with CKD there is a series of elements with 
a substantial contribution to the increase of oxidative stress, 
including: aging, chronic iron therapy, and the presence of 

comorbidities (such as HBP, diabetes and dyslipidemia). The 
increase of oxidative stress has been revealed to be correlated 
with the decrease of the glomerular filtration rate (24,26). In 
diabetic patients oxidative stress is incriminated in the devel‑
opment of microvascular complications (27).

The decrease of antioxidant capacity is identified in 
patients with CKD, along with the other mechanisms that 
increase oxidative stress that were aforementioned. Studies 
conducted on animals have demonstrated the decrease of 
glutathione reductase (GSH) and Cu/Zn‑SOD catalase (22). 
Patients with CKD also present with a low level of vitamin C, 
as a result of a diet poor in fruit and vegetables (prevention of 
hyperpotassemia) (24).

The sirtuin family is another class of molecules with an 
antioxidant effect. Its decrease with aging increases oxidative 
stress in patients with CKD (22).

The disruption of cell growth, accompanied by cell 
resistance to apoptosis, along with the inability of the immune 
system to eliminate them, are the main features of the cellular 
senescence (7).

Aged cells have a specific phenotype‑senescence‑
associated secretory phenotype (SASP), characterized by the 
release of proinflammatory cytokines which create a chronic 
inflammatory status which influence tissue functions (7).

Cellular aging is also a trigger for fibrosis, and some of 
the factors contributing to its onset are: Interleukin‑6 (IL‑6), 
interleukin‑8 (IL‑8), growth‑regulated oncogene-alpha (GRO 
alpha) and Wnt16B (22).

According to studies, the medulla is the area with the 
largest number of senescent cells. The explanation for this 
phenomenon is the hypo‑oxygenation of the area and the 
increased level of the oxidative stress (22).

The deposition of abnormal collagen (type I and III) is 
responsible for the development of fibrosis and takes place 
by attracting a large number of leukocytes, associated with 
the action of matrix metallopeptidase 1 (MMP1) inhibitor to 
support the change of MMPs to fibrosis (22).

3. Renal aging‑structural changes

Microscopic evaluation of the aged kidneys has revealed 
the most significant alterations including: Nephrosclerosis 
(glomerulosclerosis, interstitial fibrosis, tubular atrophy 
and ar teriosclerosis) and nephron hypertrophy  (5). 
Glomerulosclerosis and tubular atrophy are consequences of 
the ischemic injury triggered by arteriosclerosis. These changes 
are completed with the deposition of hyaline material on the 
Bowman capsule, causing the collapse of the glomeruli and 
their global sclerosis, which is a common occurrence in elderly 
patients. A GFR decrease is also found in these patients. It is 
worth mentioning the fact that no causal relationship has been 
established between the two entities, which are independent.

Glomerular hypertrophy is frequently associated with 
diabetes and obesity. This change is also commonly found 
in kidney diseases or after surgery causing a reduction of the 
kidney mass. One reason for this change could be the associa‑
tion between global glomerular sclerosis and the hypertrophy 
of the remaining functional nephrons (5). Notable is the fact 
that nephrosclerosis is closely associated with the age of 
patients, while glomerular hypertrophy is associated with 
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obesity, hyperuricemia and less with old age (5). It should 
also be mentioned that nephrosclerosis is associated with high 
blood pressure, but that there is no association between this 
and body mass index (BMI), albumin urinary excretion or the 
level of serum cholesterol and uric acid (22). The thickening 
of the glomerular membrane and mesangial expansion are 
found in elderly patients as well as the nephrosclerosis and 
glomerular hypertrophy (13).

Literature describes changes in kidney volume as the 
patient grows older. The accompanying glomerulosclerosis 
and tubular atrophy are an explanation for the reduction in 
cortical kidney volume (5).

A decrease in urinary tubules similar to the reduc‑
tion in the number of glomeruli is described in the aging 
process. The association between tubular atrophy, with the 
presence of tubular diverticula, the thickening of tubular 
basement membrane and interstitial fibrosis are commonly 
encountered (13).

A large number of vascular alterations are found in elderly 
patients. Features to be noticed are the hypertrophy of the 
media and intima, with increased prevalence of arterioscle‑
rosis and atherosclerosis. Vascular lesions are triggered by 
increased cell proliferation, the increase of the extracellular 
matrix and the presence of capillary shunts, especially at the 
cortical level (22).

4. Renal aging‑physiological changes

The structural changes occurring in the aged kidney cause the 
disruption of renal physiology. Glomerular hyperperfusion, 
which is initially an adaptive mechanism, will eventually lead 
to glomerular hypertension (13). During the aging process, 
a decrease of glomerular filtration rate (GFR) is described 
but this is not correlated with the degree of glomeruloscle‑
rosis which depends on age and is not secondary to kidney 
impairment as part of cardiovascular diseases, according 
to studies  (13). Concurrently, another study describes the 
correlation between the decrease of GFR and the vascular 
involvement, as well as the poor protein diet of elderly 
patients. The importance of periodic GFR evaluation can be 
understood from the fact that it is an important prognostic 
element for the development of cardiovascular events and the 
mortality of patients (5).

The disturbance in the physiologic processes at the 
tubule level, secondary to structural changes there, leads to 
the development of a phenotype with the following features: 
The inability to balance the normal sodium concentration, 
predisposing to dehydration (disturbs conservation), or to 
HBP (disturbs elimination), a tendency to the development 
of hyperpotassemia, the alteration of tubule functions of 
concentrating and diluting urine and the tendency to metabolic 
acidosis (13,22).

The structural changes of the vessels trigger a series of 
physiologic alterations. Thus, the renal plasma flow diminishes 
with aging, especially in the kidney cortex. The association 
of the decreased renal plasma flow with the increase of the 
post‑glomerular resistance is meant to maintain GFR within 
normal limits for a period (13). Vasoconstriction is supported 
by the increase of sympathetic tone and the alteration of vaso‑
dilator substances (i.e., NO) (22).

Endocrine changes are observed in elderly patients, 
secondary to kidney alteration during aging. The release of 
the renal eicosanoids (prostaglandins, prostacyclins, throm‑
boxane, leukotrienes), the activation of the RAA system as 
well as the secretion of the erythropoietin and vitamin D is 
also changed in these patients. With old age and the develop‑
ment of renal dysfunction, most patients have a certain degree 
of anemia. This anemia is caused by the reduction of erythro‑
poietin synthesis (EPO), characteristic in elderly patients with 
kidney impairment. The level of serum vitamin D is reduced 
in these patients, as well. According to present data, the kidney 
incapacity to hydrolyze 25 hydroxyvitamin D in position 1 and 
the low sun exposure of patients contribute to low serum levels 
of vitamin D (13).

5. Renal aging‑biomarkers

The predisposition of elderly patients to develop AKI is without 
exception accepted in studies. In the presence of degenerative 
kidney lesions, the development of an acute injury leads to a 
deterioration of the prognosis in these patients. In the early 
stages of the disease, the clinical picture of kidney damage 
following acute renal injury is absent (GFR unchanged, with 
no alterations in diuresis); this is why it is necessary to use an 
instrument able to identify the subclinical lesions and to allow 
immediate therapeutic intervention when necessary. In order 
to solve this problem, the researchers suggested the use of 
specific biomarkers to identify early kidney lesions secondary 
to acute injury, such as: KIM‑1, L‑FABP, lipocalin (NGAL), 
cystatin C, IL‑18, TIMP‑2 and IGFBP7 (28).

Neutrophil gelatinase-associated lipocalin  (NGAL), is 
a biomarker that has been demonstrated to be efficient in 
detecting AKI occurring secondary to ischemia or nephro‑
toxic substances (29). Notably, NGAL discriminates between 
pre‑renal AKI and acute tubule interstitial nephropathy (ATN). 
The same discrimination can also be made by calprotectin; 
this biomarker is not specific to kidney impairment, since high 
levels can be found in other pathologies, such as intestinal 
inflammatory diseases, rheumatoid arthritis, and prostate 
cancer.

KIM‑1 is another biomarker that can detect the presence 
of ATN. It can be measured in urine in early post‑injury 
stages, and its high level is related to the lethal outcome of 
patients (30).

L‑FABP, due to the fact that it is induced by kidney 
ischemia, has been suggested as a marker of hypoxia.

Cystatin C has demontrated better efficacy than the esti‑
mated glomerular filtration rate (eGFR) formula in identifying 
the decrease of kidney function and glomerular filtration (30).

The evidence regarding the ability of TIMP‑2 x IGFBP‑7 
to predict the risk of developing AKI, the need for hemodi‑
alysis or the risk of death, render these biomarkers useful to 
the clinician in identifying the patients at risk of developing 
complications and in selecting those that must undergo 
specific preventative measures and treatment. Moreover, to 
evaluate the probability of developing AKI in the following 
12 h, the FDA approved, in 2014, the use of a test called 
NephroCheck, which includes these two biomarkers (30). The 
possible explanation for the use of these two biomarkers is that 
certain studies describe the fact that cellular stress stimulates 
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their synthesis. More recent studies argue that the presence 
of these biomarkers in urine is secondary to their glomerular 
hyperfiltration (TIMP‑2, IGFBP‑7 extrarenal production) and 
to their reduced reabsorption due to tubular damage (29).

Another molecule with a role in suppressing the cell cycle 
is p21. This plays an important role in the suppression of the 
cell cycle at the tubule level. The disruption of normal the 
cell cycle has a certain influence on the kidney aging process. 
Similar to TIMP‑2, IGFBP‑7, secondary to extrarenal produc‑
tion, p21 level is increased in patients with AKI. These two 
observations emphasize the usefulness of the p21 biomarker 
in the early detection of systemic and renal degenerative 
changes (32).

6. Renal aging‑clinical significance and patient management

From a clinical point of view, the structural and func‑
tional changes in the kidneys during the aging process 
require the special attention of the clinician. Elderly 
patients are at risk for dehydration and AKI secondary to 
it, or for hyperpotassemia, with negative cardiovascular 
consequences (13,22,33). In order to avoid AKIs, with the 
possible deterioration of pre‑existing lesions, nonsteroidal 
anti‑inflammatory drugs and contrast substances must be 
administered with special precautions to elderly patients (5). 
Since the aging process is accompanied by a decrease in the 
glomerular filtration rate and a decrease in the elimination 
of hydrosoluble drugs, it is necessary to administer them 
judiciously with diminished doses depending on the degree 
of kidney impairment (34).

After the age of 40, there is a physiologic decrease in the 
glomerular filtration rate (32). According to study findings, the 
mere presence of decreased glomerular filtration is not a crite‑
rion per se to diagnose CKD (35). Thus, in elderly patients, it 
is recommended that the diagnosis and the stage of the CKD 
should encompass GFR evaluation based on the equation of 
the glomerular filtration rate and the evaluation of the presence 
of other urinary changes, such as albuminuria. In fact, studies 
have not demonstrated an association between increased 
negative events and the decrease of glomerular filtration rate 
alone (34). It is known that CKD increases the cardiovascular 
risk of patients. The assessment of the urinary loss of albumin 
is necessary in order to stratify cardiovascular risk in elderly 
patients with varying degrees of kidney alteration. In numerous 
studies, albuminuria is closely associated with cardiovascular 
diseases and is a recognized marker (34,36). Recent studies 
also describe the Cystatin  C effectiveness in the evalua‑
tion of the cardiovascular involvement  (34). The presence 
of cardiovascular comorbidities is also an important factor 
in the increase of mortality in patients with chronic kidney 
disease (37,38).

High blood pressure is a clinical condition identified in 
a significant number of elderly patients (39) from which a 
considerable percentage have CKD. Systolic blood pressure is 
generally higher in this group of patients (40). A large propor‑
tion of patients suffering from CKD also have mineral and 
bone disorders and vascular calcifications which, by increasing 
the arterial stiffness, trigger HBP. These vascular changes are 
more intense in the chronic hemodialyzed patients (41,42). A 
high level of uric acid is associated with the increase of blood 

pressure and it is an important risk factor for cardiovascular 
diseases (43).

The management of HBP in elderly patients with CKD 
requires treatment. Taking into account the strong antipro‑
teinuric effect of angiotensin‑converting‑enzyme inhibitors 
(ACEI) and of the angiotensin receptor blockers, these 
classes of drugs are the first intention therapies in elderly 
CKD patients. The blood pressure target is individually 
established for each patient in spite of the general recom‑
mendations in the present guides, which suggest maintaining 
the blood pressure under 130/80 mmHg in this group of 
patients; episodes of orthostatic hypotension followed by 
the supplementary decrease of GFR decrease should also 
be avoided. Patient monitorization allows for the identifica‑
tion of the increase of creatinine secondary to the treatment 
and the necessity of treatment cessation  (44). In chronic 
hemodialysis patients, the use of hypotensive therapy of 
one of the two classes is recommended, with the addition of 
either beta‑blockers, or blockers of calcium channels when 
necessary (45).

It must be mentioned that age plays an important contribu‑
tion in the progression of the chronic kidney disease toward 
end stages. In extremely old patients, the development of 
kidney impairment from early to late stages is highly unlikely 
if only the aging process is taken into account. The decrease of 
the GFR during several years, as well as the fact that the patient 
can sucumb are part of the explanation (34). Nevertheless, in 
some elderly patients, CKD may progress to end stages. The 
identification of these patients, their careful monitorization 
as well as the apropriate management are key elements to 
improving survival (36).

The evolution of the CKD to advanced stages, which require 
extrarenal epuration methods, makes it necessary for the clini‑
cian to consider all aspects related to the geriatric patient. 
Thus, the decision to start renal replacement therapy (RRT) in 
a geriatric patient requires the analysis of several aspects, such 
as: the choice of treatment (hemodialysis, peritoneal dialysis, 
transplant), the unquestionable benefit of the procedure on 
long‑ or short‑term prognosis, the possibility of vascular status 
approach, the compliance to treatment (dementia, comorbidi‑
ties) of the patient, the quality of life of the patient. For some of 
the aspects considered before taking the decision to initiate the 
extrarenal epuration therapy, the scales tilt towards postponing 
it and maintaining the conservative treatment. On the other 
hand, when the survival of the elderly patient requiring RRT 
is taken into account, irrespective of the therapeutic method 
selected, it is shorter than the survival of younger patients, 
but better than that of elderly patients with conservative treat‑
ment (36).

7. Conclusions

Aging is a physiologic process of life. Like skin aging, which is 
easily identifiable by merely looking at the patient, body aging 
is an unavoidable process, characterized by the development of 
lesions with clinical consequences for the kidney. The careful 
management of the elderly patient with kidney impairment 
certainly brings benefits to this group of patients, preventing 
the deterioration of renal injuries, and facilitating the proper 
approach during later stages of the disease.
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