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Chronic kidney disease and ageing
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In recent decades, life expectancy has significantly extended, and the number of elderly people in each pop-
ulation increases significantly during the subsequent years. Ageing is associated with a physiological deteri-
oration of kidney function, however, in patients with additional diseases such as diabetes, hypertension and
obesity, there is often stronger severity of kidney damage. It has been estimated that the prevalence of chronic
kidney disease (CKD) in the older population is several times higher than in the general population. It is consid-
ered that in addition to the mentioned above comorbid the socio-economic factors also increases prevalence
of CKD. The occurrence of CKD significantly increases the mortality, deteriorating the quality of life of these
subjects and is also severe financial problem for the health care system because of the high costs of renal re-
placement therapy. For this reason, renal replacement therapy in elderly patients is expensive and not always

brings measurable benefits.
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INTRODUCTION

In recent decades, life expectancy has significantly in-
creased and it seems that this trend will be maintained,
which will result in constantly growing number of elderly
people in coming years . It has been estimated that in
2030 in the United Kingdom the average life expec-
tancy of women will be 91 years and men 88 years 2.
Even though the ageing is a physiological process, the
prevalence of diseases in group of elderly people is much
greater than in general population. It has been shown
that a 75 years old person statistically suffers from 3 or
more diseases 2. Interestingly, only 5% of people over
the age of 75 in the United States in 2005 had no health
visits 4. Chronic kidney disease (CKD) is one of the dis-
eases, which is characterized by increasing incidence
with ageing. It has been shown that in the United States
the prevalence of CKD is from 11% in general population
and up to 30% among elderly persons °. The occurrence
of CKD significantly increases the risk of death in elder-
ly patient with diabetes, hypertension, heart disease or

stroke. CKD also reduces life quality © by increasing risk of
occurrence depression 7 functional losses 8, frailty °, falls
and fall-related injuries ' ', hospitalization and loss of
independence 2 and cognitive decline 3. Chronic kidney
disease-generates also a significant costs to the health
care system. It has been estimated that if dialysis is nec-
essary, the average annual cost of treatment is from 70
thousand USA dollars in the patients aged 60-64 years to
over 86 thousand USA dollars in patients over 85 years of
age '*. Taking into account the above-mentioned aspects
it is important to pay special attention to this problem,
because early diagnosis and treatment can improve sur-
vival, quality of life and reduce total cost of treatment .

PATHOMECHANISM
OF CHRONIC KIDNEY DISEASE IN ELDERLY

Changes that occur in the kidney during ageing can be
divided on two parts namely: structural and functional.
Structural changes include: decreased kidney weight
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and volume; glomerulosclerosis; cortical atrophy and
loss of renal parenchyma; capillary tuft collapse; in-
creased glomerular basement membrane (GBM);
deposition of hyaline in GBM; change in GBM com-
position; interstitial fibrosis; tubular atrophy; intrarenal
arteriosclerosis; thickened intima and obliteration of
afferent and efferent arterioles ®'7. An autopsy study
has shown that the number of glomeruli per kidney
ranges from 250,000 to 1.5 million at birth and after
the age of 18 the reduction of that number takes place
with is about 6,752 glomeruli per year 8. Other stud-
ies have shown a reduction in the weight of kidneys
during the process of ageing from over 400g in 3
and 4" decade to less than 300g in the 9" decade °.
Denic et al. have analyzed 1638 living kidney donors.
It has been shown that donors aged 18-29 years had
a mean 990,661 non-sclerotic glomeruli per kidney in
comparison with 520,410 non-sclerotic glomeruli in
donors aged 70-75 years 2. It also has been shown
that the number of completely sclerotic glomeruli in
the group of elderly donors was more than 8 times
higher. Other analysis of 1046 biopsy samples from
donors has shown an increase in the percentage of
sclerotic glomeruli with age ?'. The above mentioned
changes lead to the loss of functional glomeruli and
progression of CKD.

The functional changes in the kidney resulting from
ageing include: decreased glomerular filtration rate
(GFR); decreased effective renal plasma flow (ER-
PF); increased filtration fraction (FF); increased re-
no-vascular resistance (RVR); impaired water, elec-
trolyte, and glucose handling; decreased diluting
and concentrating capacity; renal vasoconstriction;
decreased plasma renin activity and aldosterone;
increased tissue angiotensin Il and endothelin and
decreased vasodilator activity of prostacyclin 6. It is
estimated that the average physiological reduction in
eGFR per year is about 0.68 mL/min/1.73m? in men
and 0.68 mL/min/1.73m? in women 22, In individuals
older than 40 years of age, eGFR decreases by about
1 mL/min/1.73m? per year. Decline in ERPF after that
age is about 8 mL/min/1.73m? 28, Another study has
shown decline in eGFR about 1.05 mL/min/1.73m?
in individuals aged 70-110 years 2. The proposed
mechanisms for ageing-associated renal disease are:
oxidative stress; telomere shortening and loss off mi-
tochondria; intrarenal activation of the renin angioten-
sin system; endothelial dysfunction; renal ischemia;
increased renal TGF-f expression; accumulation of
advanced glycation end products (AGEs) and chronic
effects of uric acid.

EPIDEMIOLOGY OF CHRONIC KIDNEY DISEASE
IN THE ELDERLY

Chronic kidney disease is a major and growing health
burden in Europe. One in 3 Europeans is at an in-
creased risk of developing CKD. A striking 1 in 10
already has impaired kidney function severe enough
to affect their health status. The current rise in dia-
betes, obesity and ageing will further worsen this
situation unless there is greater focus and concerted
action by European health policy-makers. Large pop-
ulation studies in different countries have shown that
the prevalence of CKD range from 7% to more than
18% 2. It has been estimated that the average prev-
alence of CKD in the world increases with age and
reaches almost 30% of individuals over 70 years of
age . Impaired renal function (eGFR less than 60 mL/
min/1.73m?) in group of individuals aged over 80 years
occurs from 18,6% to over 50% 27. The Polish popu-
lation study PolNef involving almost 2,500 participants
has shown that the frequency of CKD is 18.6%. Aimost
12% of studied population have albuminuria. Interest-
ingly, it has been shown that nearly 70% of patients with
CKD have also hypertension2¢-%°, The first polish multi-
disciplinary study of the elderly population PolSenior,
which involve 5695 participants has shown that the
prevalence of CKD in this group is nearly 30%. In
group of individuals aged over 90 years CKD occurs
in over 60% °'. Interestingly, only 3% of subjects with
CKD were aware of the presence of kidney disease.
The study has shown the coexistence of CKD with
diabetes, hypertension, prostatic hyperplasia, heart
failure, coronary artery disease, the occurrence of
myocardial infarction and stroke. Socioeconom-
ic aspect also affects the incidence of CKD. It has
been shown slightly higher incidence of CKD in the
rural population, among people non-smoking and
non-consuming alcohol. Crews et al. in observational
study has shown a significantly higher prevalence of
CKD among African Americans with lower socioeco-
nomic status *. Such a correlation was not found
in caucasians. Also, other studies have shown the
negative impact of socioeconomic status on risk for
CKD 23, In the REGARDS Study it has been shown
that lower income is an independent risk factor for
mortality in patients with CKD 34, Factors that com-
bine low socioeconomic status with chronic kidney
disease is certainly health-related behaviors like inten-
sive alcohol intake, cigarette smoking, diet, physical
activity, sedentary time; co-morbid conditions and
access to healthcare .
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RENAL REPLACEMENT THERAPY
IN ELDERLY PATIENTS

The most common method of treatment of end-stage
renal disease is renal-replacement therapy (RRT). It is
known that starting hemodialysis treatment in elderly
patients with CKD does not always bring measurable
benefits. It has been shown that in elderly CKD pa-
tients without ischemic heart disease and extensive
comorbidities RRT extends the lives %%, Unfortunately
mentioned above advantage is often associated with
the deterioration of the quality of life, due to, among
others, large number of hospitalizations 2. Furthermore,
it has been shown that initiation of hemodialysis therapy
in the oldest group of patients (aged over 80 years) is
associated with more than 50% mortality during the
first year of treatment 6. As it was mentioned above,
the cost of renal replacement therapy in older patients
reach over 86 thousand USA dollars per year . The
age of patients treated with RRT is steadily increas-
ing. Incidence of dialysis therapy during last 10 years
is decreasing but that of pre-emptive transplantations
is clearly on the rise (more than doubled over last 10
years) . It is important because the life expectancy
of dialysis patients is reduced by two thirds compared
with the general population and that of transplant recip-
ients by 25-30% “°.

CONCLUSIONS

Comorbidities and lifestyle often exacerbate the phys-
iological ageing process of kidney. CKD occurs fre-
quent in elderly population and its prevalence range
from 30 to 40% of individuals. Considering the age-
ing of the population and the increasing prevalence
of diabetes, hypertension and obesity it seems that
the incidence of CKD will be increasing in coming
years. The prophylaxis and treatment of CKD should
take into account potentially modifiable factors like
health-related behaviors, comorbid conditions, and
health-care access. It should be noted that lower
socioeconomic status might lead to poorer self-man-
agement and thus greater complications from sys-
temic disorders like diabetes or arterial hypertension.
Socioeconomic factors seem to be a suitable target
for interventions at the national and supranational
level aimed at reducing disparities in CKD. The age
of patients treated with renal replacement therapy is
steadily increasing. It should be remembered, howev-
er, limited benefits of renal replacement therapy in the
group of oldest CKD patients.

References

" World Health Organization. Good Health Adds Life to
Years: Global Brief for World Health Day 2012. Geneva,
WHO, 2012.

2 Select Committee on Public Service and Demographic
Change. Ready for aging? Report. London: House of
Lords 2013.

3 Abdel-Rahman E, Holley JL. End-stage renal disease in
the elderly: dialysis or conservative management? Hosp
Pract 2010;38:122-7.

4 Wiggins J. Why do we need a Geriatric Nephrology Curricu-
lum? In: Online Geriatrics Curriculum. American Society of
Nephrology Chapter 2 Online Geriatrics Curriculum - Ameri-
can Society of Nephrology https://www.asn-online.org/
education/distancelearning/curricula/geriatrics/  Accessed
16 December 2017.

5 Coresh J, Selvin E, Stevens L, et al. Prevalence of chronic
kidney disease in the United States. J Am Med Assoc
2007;298:2038-47.

6 Kurella Tamura M. Incidence, management, and outcomes
of end- stage renal disease in the elderly. Curr Opin Neph-
rol Hypertens 2009;18:252-7.

7 Tyrrell J, Paturel L, Cadec B, et al. Older patients under-
going dialysis treatment: cognitive functioning, depressive
mood and health-related quality of life. Aging Ment Health
2005;9:374-9.

8 Fried LF, Lee JS, Shlipak M, et al. Chronic kidney dis-
ease and functional limitation in older people: health,
aging and body composition study. J Am Geriatr Soc
2006;54:750-6.

¢ Shlipak MG, Stehman-Breen C, Fried LF, et al. The pres-
ence of frailty in elderly persons with chronic renal insuffi
ciency. Am J Kidney Dis 2004;43:861-7.

0 Li M, Tomlinson G, Naglie G, et al. Geriatric comor-
bidities, such as falls, confer an independent mortality
risk to elderly dialysis patients. Nephrol Dial Transplant
2008;23:1396-400.

" Balogun R, Yan G, Abdel-Rahman EM. Higher mortality
with falls in hemodialysis patients. Hemodialysis Interna-
tional 2009;13:116.

2. Go AS, Chertow GM, Fan D, et al. Chronic kidney disease
and the risks of death, cardiovascular events, and hospi-
talization. N Engl J Med 2004;351:1296-305.

3 Kurella M, Chertow GM, Fried LF, et al. Chronic kidney
disease and cognitive impairment in the elderly: the health,
aging, and body composition study. J Am Soc Nephrol
2005;16:2127-38.

14 US Renal Data System. The 2015 USRDS Annual Data Re-
port: atlas of end-stage renal disease in the United States.
National Institutes of Health; National Institute of Diabetes
and Digestive and Kidney Diseases. https://www.usrds.
org/adr.aspx. Accessed 16 December 2017.

15 Couser WG, Remuzzi G, Mendis S, et al. The contribution
of chronic kidney disease to the global burden of major
noncommunicable diseases. Kidney Int 2011;80:1258-70.

6 Abdel-Rahman EM, Okusa MD. Effects of aging on renal



302

D. Gojowy, A. Wiecek

20

21

22

23

24

25

26

27

28

29

30

function and regenerative capacity. Nephron Clin Pract
2014;127:15-20.

Nitta K, Okada K, Yanai M, et al. Aging and chronic kidney
disease. Kidney Blood Press Res 2013;38:109-20.

Hoy WE, Douglas-Denton RN, Hughson MD, et al. A
stereo- logical study of glomerular number and volume:
preliminary findings in a multiracial study of kidneys at au-
topsy. Kidney Int Suppl 2003;83:531-S37.

Mulder WJ, Hillen HFP. Renal function and renal disease in
the elderly. Part I. Eur J Intern Med 2001;12:86-97.

Denic A, Lieske JC, Chakkera HA, et al. The substantial
loss of nephrons in healthy human kidneys with aging. J
Am Soc Nephrol 2017;28:313-20.

Glassock RJ, Rule AD. The implications of anatomical and
functional changes of the aging kidney: with an emphasis
on the glomeruli. Kidney Int 2012;82:270-7.

Ferrari P, Xiao J, Ukich A, et al. Estimation of glomerular fi-
tration rate: does haemoglobin discriminate between ageing
and true CKD? Nephrol Dial Transplant 2009;24:1828-33.
Wesson LG. Renal hemodynamics in physiological states.
In: Wesson LG, ed. Physiology of the Human Kidney. New
York, NY: Grune & Stratton 1969, pp. 96-108.
Fehrman-Ekholm |, Skeppholm L. Renal function in the
elderly (> 70 years old) measured by means of iohexol
clearance, serum creatinine, serum urea and estimated
clearance. Scand J Urol Nephrol 2004;38:73-7.
Bartmanska M, Wiecek A. Chronic kidney disease and the
aging population. G Ital Nefrol 2016;33(Suppl 66):33.S66.11.
Mayer G. Chronic kidney disease: who is affected, who is at
risk and who cares? Nephrol Dial Transplant 2014;29:937-41.
Mills KT, Xu Y, Zhang W, et al. A systematic analysis of
worldwide population-based data on the global burden of
chronic kidney disease in 2010. Kidney Int 2015;88:950-7.
Krol E, Rutkowski B, Czarniak P, et al. Early detection of
chronic kidney disease: results of the PolNef study. Am J
Nephrol 2009;29:264-73.

Rutkowski B, Krol E. Epidemiology of chronic kidney
disease in central and eastern Europe. Blood Purif
2008;26:381-5.

Krol E, Czarniak P, Rutkowski B. Effectiveness of

31

32

33

34

35

36

37

38

39

40

antihypertensive treatment in patients with chronic kidney
disease. J Ren Nutr 2008;18:134-9.

Chudek J, Wieczorowska-Tobis K, Zejda J, et al. The
prevalence of chronic kidney disease and its relation to
socioeconomic conditions in an elderly Polish population:
results from the national population-based study PolSe-
nior. Nephrol Dial Transplant 2014;29:1073-82.

Crews DC, Charles RF, Evans MK, et al. Poverty, race,
and CKD in a racially and socioeconomically diverse urban
population. Am J Kidney Dis 2010;55:992-1000.

So BH, Methven S, Hair MD, et al. Socio-economic sta-
tus influences chronic kidney disease prevalence in pri-
mary care: a community-based cross-sectional analysis.
Nephrol Dial Transplant 2015;30:1010-7.

Fedewa SA, McClellan WM, Judd S, et al. The association
between race and income on risk of mortality in patients
with moderate chronic kidney disease. BMC Nephrol
2014;15:136.

Vart P, Gansevoort RT, Crews DC, et al. Mediators of
the association between low socioeconomic status and
chronic kidney disease in the United States. Am J Epide-
miol 2015;181:385-96.

Kurella M, Covinsky KE, Collins AJ, et al. Octogenarians
and nonagenarians starting dialysis in the United States.
Ann Intern Med 2007;146:177-83.

Murtagh FE, Marsh JE, Donohoe P, et al. Dialysis or not?
A comparative survival study of patients over 75 years with
chronic kidney disease stage 5. Nephrol Dial Transplant
2007;22:1955-62.

Carson RC, Juszczak M, Davenport A, et al. Is maximum
conservative management an equivalent treatment option
to dialysis for elderly patients with signifi cant comorbid
disease? Clin J Am Soc Nephrol 2009;4:1611-9.

van de Luiftgaarden MW, Jager KJ, Segelmark M, et al.
Trends in dialysis modality choice and related patient
survival in the ERA-EDTA Registry over a 20-year period.
Nephrol Dial Transplant 2016;31:120-8.

ERA-EDTA Registry 2014 Annual Report. https://www.
era-edta-reg.org/index.jsp?p=14, Accessed 16 December
2017.



