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Chronic kidney disease in older patients: 
the contribution of kidney pathology 
to the estimated glomerular filtration
Резюме
Цель — оценить значение вклада патологии почек в расчетную скорость клубочковой фильтрации и его прогностическое значение у паци-

ентов пожилого и старческого возраста. Материалы и методы. Обследовано 472 пациента (241 женщина и 231 мужчина, средний возраст 

69,6±7,3 лет) со стабильной сердечно-сосудистой патологией пожилого и старческого возраста. ХБП наблюдалась у 302 (63,9 %) пациентов 

пожилого и старческого возраста. Расчетную скорость клубочковой фильтрации (рСКФ) определяли, используя уравнение CKD-EPI (моди-

фикация 2011). Вклад патологии почек (ВПП) в рСКФ рассчитывали по разнице между «реальной» рСКФ (рассчитанной по формуле CKD-EPI, 

2011 на основании «реального» креатинина сыворотки) и прогнозируемой для данного возраста и пола рСКФ (патент № RU 2723748 C1). 

Срок наблюдения составил 12 месяцев. В качестве первичной конечной точки оценивалась общая смертность. Результаты. ВПП в рСКФ 

у пациентов пожилого и старческого возраста составил 26,3 (14,9;35,7) %, увеличиваясь с тяжестью ХБП. ВПП в рСКФ у пациентов пожилого 

и старческого возраста с ХБП не различался в зависимости от пола и возраста (p >0,05). Модифицированный индекс коморбидности Чарл-

сон был более высоким у пациентов с ХБП с ВПП в рСКФ более 43,3 % по сравнению с пациентами с ВПП в рСКФ менее 43,3 (р=0,004). ВПП 

в рСКФ более 43,3 % ассоциировался с риском смерти в течение года у пациентов с ХБП (ОP 4,7; 95 % ДИ 1,99–10,9; p<0,0001). При оценке 

прогностического значения ВПП в рСКФ независимо от наличия ХБП установлено, что увеличение ВПП в рСКФ более 17,9 % ассоциировано 

с риском смерти в течение года у пациентов пожилого и старческого возраста со стабильной сердечно-сосудистой патологией (ОP 2,47; 

95 % ДИ 1,31–4,67; p=0,004). Заключение. ВПП в рСКФ у пациентов пожилого и старческого возраста с ХБП и стабильной сердечно-со-

судистой коморбидностью увеличивается с тяжестью ХБП и не зависит от пола и возраста. У пациентов пожилого и старческого возраста 

со стабильной сердечно-сосудистой патологией ВПП в рСКФ имеет прогностические преимущества при оценке годовой летальности по 

сравнению с оценкой рСКФ по формуле CKD EPI (2011).
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Abstract
The purpose of the study was to assess the contribution of kidney pathology to the estimated glomerular filtration rate and its prognostic value in 

elderly and senile patients. Materials and methods. 472 elderly and senile age patients (241 women and 231 men, mean age 69.6±7.3 years) with stable 

cardiovascular diseases were examined. CKD was observed in 302 (63.9 %) elderly and senile patients. Estimated glomerular filtration rate (eGFR) was 

determined using the CKD-EPI equation (modified 2011). The contribution of kidney pathology (CKP) to eGFR was calculated by the difference between 

the “real” eGFR (calculated using the CKD-EPI, 2011 formula based on the “real” serum creatinine) and the predicted eGFR for a given age and sex 

(patent No. RU 2723748 C1). The follow-up period was 12 months. The primary endpoint was overall mortality. Results. The CKP in eGFR in elderly 

and senile patients was 26.3 (14.9;35.7) %, increasing with the severity of CKD. The CKP in eGFR in elderly and senile patients with CKD did not differ 

depending on gender and age (p>0.05). The modified Charlson comorbidity index was higher in patients with CKD with CKP in eGFR more than 43.3 % 

compared to patients with The CKP in eGFR less than 43.3 (p = 0.004). The CKP in eGFR more than 43.3 % was associated with a 1-year risk of death in 

patients with CKD (OR 4.7; 95 % CI 1.99–10.9; p<0.0001). When assessing the prognostic value of CKP in eGFR, regardless of the CKD it was found that 

an increase CKP in eGFR more than 17.9 % was associated with a 1-year risk of death in elderly and senile patients with stable cardiovascular diseases 

(OR 2.47; 95 % CI 1.31–4.67; p=0.004). Conclusion. The CKP in eGFR in elderly and senile patients with CKD and stable cardiovascular comorbidity 

increases with the severity of CKD and does not depend on gender and age. In elderly and senile patients with stable cardiovascular diseases, the CKP 

in eGFR has prognostic advantages when assessing annual mortality compared to eGFR assessment using the CKD EPI formula (2011).
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Introduction
Th e key causes of a chronic disease are still arterial 

hypertension and diabetes mellitus [1, 2]. Age is an inde-

pendent non-modifi able risk factor for chronic kidney 

disease (CKD) development and progression, with 

chronic kidney disease being a sign of premature ageing 

[3, 4]. In  elderly and old patients, CKD is not always 

timely diagnosed and is oft en seen as age-related changes 

of the renal function [5]. Some authors propose intro-

ducing a term “age-related deterioration in renal func-

tion” in order to prevent a hike in the incidence of CKD 

in elderly patients [6]. At the same time, despite any age-

related changes, reduction in glomerular fi ltration rate is 

not mandatory in healthy population [7].

Th e varying signifi cance of the age factor needs to be 

taken into account: younger patients with eGFR of less 

than 45 mL/min/1.73 m2 have a higher risk of end-stage 

kidney failure; on the contrary, in 85-year-old patients, the 

risk of death outweighs the risk end-stage kidney failure 

irrespective of the eGFR value [8]. It  is worth mention-

ing that in elderly patients, CKD is usually diagnosed due 

to an isolated reduction in estimated glomerular fi ltration 

rate and not albuminuria [9, 10]. Estimated glomerular fi l-

tration rate will not allow assessing the contribution from 

pathology to eGFR, since this parameter also includes age-

related reduction in renal function.

Study objective: To assess the signifi cance of renal 

pathology contribution to the estimated glomerular 

fi ltration rate and its prognostic value in elderly and old 

patients.

Materials and Methods 
We examined 472 elderly and old patients (241 female 

and 231  male patients, mean age: 69.6  ±  7.3  years old) 

with a stable cardiovascular pathology. Elderly patients 

were aged 60–74 years old, while old patients were aged 

75–89 years old, according to the World Health Organ-

isation’s criteria (2012) [11].

The study is an open-label, prospective, cohort 

study using continuous sampling method. Exclusion 

criteria were: acute cardiovascular pathology (acute 

myocardial infarction, instable angina, decompensated 

cardiac failure, acute cerebrovascular event within six 

months prior to enrolment); end-stage renal disease 

requiring replacement renal therapy, clinically apparent 

hepatic failure, acute infectious diseases and/or chronic 

disease relapses, mental disorders, apparent cognitive 

disorders which hinder tests, absence of the informed 

consent to take part in the study. The follow-up period 

was 12  months. Overall mortality was the primary 

endpoint.

CKD was diagnosed in accordance with the National 

Guidelines on the Key Principles of Screening, Diagnosis, 

Prevention and Management of Chronic Kidney Disease 

(Russian National  Society  of  Nephrology, 2012) [12]. 

Th e  analysis took into account the Clinical Guidelines 
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on the Chronic Kidney Disease (Russian Nephrology 

Association, 2021) [2].

Estimated glomerular fi ltration rate (eGFR) was 

determined using a formula proposed by the CKD-EPI 

(Chronic Kidney Disease Epidemiology Collaboration, 

2011 modifi cation). Renal pathology contribution (RPC) 

to estimated glomerular fi ltration rate (eGFR) was cal-

culated on the basis of the diff erence between the actual 

eGFR (calculated using CKD-EPI, 2011 formula on the 

basis of the real blood creatinine value) and eGFR value 

predicted for a specifi c age and sex, assuming that serum 

creatinine is 80 μmol/L for women and 100 μmol/L for 

men (Patent No. RU 2723748 C1), formula (1).

 А (%) = (В-С)*100 % / В, (1)

where А is renal pathology contribution to estimated 

glomerular fi ltration rate;

В is a predicted (optimal) estimated glomerular fi ltra-

tion rate;

С is the real estimated glomerular fi ltration rate.

Cardiovascular pathologies were diagnosed in accor-

dance with the current Russian guidelines. 

Clinical characteristics of subjects are presented in 

Table 1.

Chronic kidney disease was diagnosed in 302 

(63.9 %) of elderly and old patients. More common was 

CKD with eGFR of less than 60  mL/min/1.73  m2  — 

277  patients (91.7  %) out of 302. CKD was diagnosed 

on the basis of an isolated reduction in eGFR below 

60  mL/min/1.73  m2  — in 218  CKD patients (72.2  %). 

Structural renal changes were observed in 67  CKD 

patients (22.2 %), albuminuria/proteinuria — in 62 CKD 

patients (20.5  %) (n  =  302). Th us, there were no cases 

of stage 1  CKD; stage 2  CKD was diagnosed only in 

25 patients (8.3 %), stage 3а was observed in 185 patients 

(61.3  %), 3b  — in 83  patients (27.5  %), stage  4  — in 

9 patients (2.9 %) of elderly and old age (n = 302).

Comorbidity was assessed in accordance with the 

Clinical Guidelines on Comorbid Pathologies in Clini-

cal Practice [13], modifi ed Charlson comorbidity 

Table 1. Clinical characteristics of elderly and senile patients with stable cardiovascular diseases

Parameters n=472

Women, n (%)

Men, n (%)

Age (M±SD, years)

241(51)

231(49)

69,6±7,3

Location:

urban residents, n (%)

rural residents, n (%)

415(87,9)

57(12,1)

Smoking, n (%) 55(11,7)

Heredity for cardiovascular pathology, n (%) 205(43,4)

AH, n (%) 452 (95,8)

CHF, n (%) 335 (70,1)

CAD, n (%)

including history of myocardial infarction, n (%)

349 (74)

132 (27,9)

History of PCI/CABG, n (%) 54 (11,4)

AF, (n%)

including permanent AF, n (%)

156 (33)

81 (17,2)

Diabetes mellitus type 2, n (%) 129 (27,3)

Peripheral artery disease, n (%) 70 (14,8)

History of stroke, n (%) 60 (12,7)

Non-coronary heart diseases (cardiomyopathies, heart defects), n (%) 48 (10,2)

Pathology of the musculoskeletal system, n (%) 275 (58,2)

Obesity, n (%) 200 (42,4)

Dementia, n (%) 97 (20,5)

Anemia, n (%) 92 (19,1)

Pathology of the thyroid gland, n (%) 73 (15,4)

Primary kidney diseases (chronic glomerulonephritis, chronic pyelonephritis, urolithiasis), n (%) 67 (14,2)

Chronic nonspecifi c lung diseases (chronic obstructive pulmonary disease, bronchial asthma), n (%) 47 (9,9)

Peptic ulcer, n (%) 27 (5,7)

Connective tissue diseases, n (%) 19 (4,0)

Malignant tumors without metastases (complete remission >5 years are excluded), n (%) 18 (3,8)

History of viral hepatitis, n (%) 11 (2,3)

Notes. AH — arterial hypertension, CABG — coronary artery bypass grafting, CAD — coronary artery disease, CI — comorbidity index, ACVA — acute cerebrovascular accident, 

AF — atrial fibrillation, CKD — chronic kidney disease, CHF — chronic heart failure, PCI — percutaneous coronary intervention
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index (CInd) was used (Patent No. RU 2706975 C1) [10]. 

Comorbidity was high is CInd was more than 6 points.

Statistical data analysis was performed using StatSoft -

Statistica v.10.0.1011.6 (StatSoft , Inc, USA) and MedCalc 

11.6 (MedCalc Soft ware Ltd, Belgium). Data distribu-

tion was assessed using Shapiro–Wilk’s W test. Depend-

ing on analysis results, data were presented as M±SD, 

where M is the arithmetic mean, SD is standard devia-

tion (in normal distribution), or Me (IQR), where Me is 

median, IQR is interquartile range: 25th percentile–75th 

percentile (in a distribution other than normal). Groups 

were compared using Student t-test and Mann–Whit-

ney U  test) (in a distribution other than normal). Test 

method accuracy was assessed using ROC analysis; event 

probability was predicted using logistic regression analy-

sis. Survival rate analysis was performed using Kaplan–

Meier method. Qualitative parameters were compared 

using Pearson’s chi-square test. Diff erences were statisti-

cally signifi cant at p < 0.05.

Results

Pathology contribution to eGFR in elderly and old 

patients was 26.3 % (14.9 %;35.7 %) %, increasing along 

CKD severity (Fig. 1).

Given the concept of the cardiorenal syndrome 

(where failure of one organ causes impaired function of 

the other organ), stage 2 CKD patients were not included 

in the analysis, and negative RPC values are probably 

associated with hyperfi ltration and preserved fi ltration 

function at this CKD stage.

Renal pathology contribution to eGFR in elderly 

and old patients was independent of the age: 23.1 % 

(17.3  %;36.1  %) and 25.6  % (12.7  %;36.7  %) for man 

and women, respectively, р = 0.19. Th ere were no diff er-

ences in RPC to eGFR in elderly and old patients: 26.3 % 

(16.2 %;33.7 %) and 26.4 % (11.0 %;36.7 %), respectively, 

р = 0.81) (relationship between RPC to eGFR and patient 

age: r = -0.09, p = 0.13) (Fig. 2).

Figure 1. Contribution of kidney pathology to eGFR in elderly and senile patients depending on the stage of CKD
Notes eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease

Figure 2. Contribution of kidney pathology to eGFR in elderly and senile patients depending on age group
Notes eGFR — estimated glomerular filtration rate
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Out of 472 elderly and old patients with stable cardio-

vascular pathology, prognosis was assessed in 405 patients 

(85.8 %). During the follow-up period, 47 elderly and old 

patients (11.6  %) with a stable cardiovascular pathology 

(38 patients with CKD and 9 patients without CKD) died. 

Given the lack of the data on the cause of death in a number 

of patients, cardiovascular mortality was no analysed.

Th e logistic regression analysis established that the pres-

ence of CKD with eGFR of less than 60 mL/min/1.73 m2 in 

elderly and old patients with cardiovascular pathologies is 

associated with a considerable risk of one-year mortality 

(OR 2.37; 95 % CI 1.11–5.09; p = 0.017).

Assessment of the prognostic value of RPC to eGFR 

in elderly and old patients with a stable cardiovascular 

pathology with or without CKD demonstrated that an 

increase in RPC to eGFR of over 17.9 % is associated with 

one-year mortality in elderly and old patients with stable 

a cardiovascular pathology (OR 2.47; 95 % CI 1.31–4.67; 

p = 0.004) (Fig. 3).

Renal pathology contribution to estimated GFR of 

over 43.3 % was associated with a risk of one-year mor-

tality in elderly and old patients with CKD with eGFR 

of less than 60 mL/min/1.73 m2 (OR 4.7; 95 % CI 1.99–

10.9; p < 0.0001). Patient survival analysis is presented 

in Figure 4.

An increase in RPC to eGFR of over 43.3  % was 

associated with anaemia (OR 2.81; 95  % CI 1.28–6.17; 

p  =  0.009), a history of acute cerebrovascular event 

Figure 3. Cumulative survival of elderly and senile patients with stable cardiovascular pathology depending on the 

contribution of kidney pathology to eGFR
Notes. eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease

Figure 4. Cumulative survival of elderly and senile patients with CKD with eGFR less than 60 ml/min/1.73 m2 depending on 

the contribution of kidney pathology to eGFR
Notes. eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease
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(OR 2.82; 95 % CI 1.19–6.66; p = 0.02), atrial fi brillation 

(OR 2.37; 95 % CI 1.07–5.28; p = 0.03) (Table 2).

Modifi ed Charlson comorbidity index was higher in 

patients with CKD with RPC to eGFR of over 43.3 % vs. 

patients with RPC to eGFR of less than 43.3 %: 8 (6;9) 

and 7 (6;8), respectively, р = 0.004.

Clinical and laboratory values in elderly and old 

patients with a stable cardiovascular pathology and CKD, 

depending on RPC to eGFR, are presented in Table 3.

Elderly and old patients with CKD with RPC to eGFR 

of over 43.3 % had higher body mass index as compared 

with patients with RPC to eGFR of less than 43.3  % 

(р = 0.02). Also, it is worth mentioning that elderly and 

old patients with CKD and RPC of over 43.3 % had higher 

WBC count (р = 0.005), neutrophils count (р = 0.003) 

and neutrophil/lymphocyte ratio (р  =  0.008). Besides, 

in patients with CKD and RPC to eGFR of over 43.3 %, 

serum potassium was higher than in patients with CKD 

and lower RPC to eGFR: 4.9 (4.4;5.7) and 4.5 (4.1;4.9) 

mmol/L, respectively, р = 0.004.

Table 2. Relationship between the contribution of kidney 
pathology to eGFR more than 43.3 % and comorbidity 
in patients with CKD with eGFR less than 
60 ml/min/1.73 m2

Comorbidity 

parameters
OR 95 % CI р

Diabetes 1,29 0,59–2,79 0,51

Metabolic syndrome 1,1 0,51–2,42 0,79

Obesity 1,81 0,89–3,68 0,09

Coronary artery disease 1,35 0,6–3,04 0,46

History of myocardial 

infarction
1,02 0,49–2,15 0,95

CHF 0,74 0,15–3,55 0,70

History of stroke 2,82 1,19–6,66 0,02

Anemia 2,81 1,28–6,17 0,009

Atrial fi brillation 2,37 1,07–5,28 0,03

Notes. CI — confidence interval, ACVA — acute cerebrovascular accident, OR — odds 

ratio, eGFR — estimated glomerular filtration rate, CKD — chronic kidney disease, 

CHF — chronic heart failure

Table 3. Clinical and laboratory parameters of elderly and senile patients with CKD with eGFR less than 
60 ml/min/1.73 m2 depending on the contribution of kidney pathology in eGFR

Parameters Me(IQR)

Patients with a contribution of 

kidney pathology to eGFR of 

more than 43.3 % (n=36)

Patients with a contribution of 

kidney pathology to eGFR of 

less than 43.3 % (n=241)

р

Body mass index, kg/m2 30,4 (27;37,9) 29,0 (25,9;32,7) 0,02

Body fat mass index, kg/m2 11,1 (9,4;17,4) 10,2 (7,9;12,9) 0,02

6-minute walk test, m 305,5 (295;350) 302,5 (290;380) 0,53

SBP, mmHg 130 (130;142,5) 135(139;144) 0,66

DBP, mm Hg. 80 (80;90) 80 (80;90) 0,95

Heart rate, beats per minute 76 (71;84) 72,5 (66;83,5) 0,19

Hemoglobin, g/l 122,5(112;148) 135(121;148) 0,08

Red blood cells, 1012/л 4,5 (3,9;4,9) 4,5 (4;4,8) 0,82

Leukocytes*109/л 8,4 (6,4;11,8) 6,8 (5,5;8,2) 0,005

Neutrophils, *109/l 5,7 (4,4;8,4) 4,1 (3,3;5,3) 0,003

Lymphocytes, *109/l 1,7 (1,4;2,2) 1,8 (1,4;2,2) 0,72

Monocytes, *109/л 0,4 (0,3;0,6) 0,4 (0,2;0,6) 0,77

Eosinophils, *109/л 0,09 (0;0,22) 0,07 (0;0,15) 0,59

N/L ratio 3,2 (2,3;5,3) 2,3 (1,7;3,4) 0,008

Eo/Leu ratio 0,03 (0;0,22) 0,02 (0,01;0,07) 0,24

M/L ratio 0,29 (0,17;0,4) 0,24 (0,15;0,35) 0,46

Platelets, * 109/л 224 (178;269) 219 (189;268) 0,68

ESR, mm/h 18,5 (11;36,5) 12 (6;22) 0,01

Blood glucose, mmol/l 6,3 (5,4;6,9) 5,9 (5,2;7) 0,56

Total protein, g/l /Total cholesterol, mmol/l 68,4(62,8;71;6) 69,8(64,7;74;4) 0,08

Total cholesterol, mmol/l / 4,7(3,6;5,7) 4,9(3,9;5,8) 0,05

Triglycerides, mmol/l 1,34(0,95;1,49) 1,19(0,87;1,78) 0,82

Sodium, mmol/l 140,5 (137;143,5) 142 (139;144) 0,15

Potassium, mmol/l 4,9 (4,4;5,7) 4,5 (4,1;4,9) 0,004

Fibrinogen, g/l 3,5 (3;4,8) 3,3 (2,7;4,0) 0,16

Notes. DBP — diastolic blood pressure, BMI — body fat mass, SBP — systolic blood pressure, ESR — erythrocyte sedimentation rate, eGFR — estimated glomerular filtration rate, 

CKD — chronic kidney disease, HR — heart rate. N/L ratio — ratio of neutrophils to lymphocytes, Eo/Leu ratio — ratio of eosinophils to leukocytes, M/L ratio — ratio of monocytes 

to lymphocytes
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Discussion

Renal function impairment with ageing is a seri-

ous concern: in individuals over 40  years of age, GFR 

reduces by 1 mL/min/1.73 m2 [4, 14]. Age-related reduc-

tion in GFR is caused by glomerular sclerosis, tubular 

atrophy, reduced cortex activity and smaller kidney size 

[15-17]. Age-related changes in tubular function result 

in impaired sodium reabsorption, with it being a risk 

factor for rapid dehydration in elderly people; reduced 

potassium excretion causing, together with medications, 

hyperkalaemia; impaired concentration capacity of kid-

neys, which leads to nocturnal enuresis [18].

In elderly patients, reduced renal function is associ-

ated with almost two-fold increase in the incidence of 

arterial hypertension, ischemic heart disease and car-

diac failure [19]. In  addition to eGFR assessment, it is 

essential to take into account the gerontological status 

of elderly patients (frailty, cognitive disorders, self-care 

ability) and their comorbidities [20, 21].

The use of calculation formulas for GFR assessment 

in elderly people with CKD has a number of limita-

tions. The MDRD (Modification of Diet in Renal Dis-

ease) and CKD-EPI (Chronic Kidney Disease Epidemi-

ology Collaboration) formulas are highly accurate, but 

they underestimate CKD severity in this cohort [22]. 

The use of the Cockcroft-Gault equation in elderly 

people is also inaccurate, mostly because the equation 

uses body weight in calculations: elderly people have 

less lean body mass due to comorbidities, frailty and 

malnutrition. In validation of calculation formulas, the 

number of elderly people over 70 years of age was insuf-

ficient. For instance, for the MDRD formula, the mean 

age in the population was 50.6 ± 12.7 years old, for the 

Cockcroft-Gault equation, the percentage of patients 

over 70 years of age was just 23 % [23, 24]. Also, it is 

worth mentioning that among elderly and old people 

with CKD there are a lot of patients with diabetes melli-

tus, who experience hyperfiltration even at early stages 

of diabetic nephropathy [25].

Given the complexity and ambiguousness of the 

approach used for elderly and old patients with CKD, the 

European Renal Association–European Dialysis Trans-

plantation Association (ERA-EDTA) and the European 

Union Geriatric Medicine Society (EUGMS) devel-

oped Clinical Guidelines for the management of elderly 

patients with stage 3b+ chronic kidney disease [26]. Th e 

CKD-EPIcr-cys equation is proposed to be used as the 

most optimal alternative to direct measurement of the 

renal function in elderly people (2С is a low-quality rec-

ommendation with a low level of evidence) [26].

Th erefore, it is recommended to use CKD-EPIcr-cys 

both for the screening of elderly patients and develop-

ment of a treatment approach. However, in this case, it 

is still unclear how a renal pathology contributes to esti-

mated glomerular fi ltration rate. Th e proposed method 

for the determination of RPC is better in forecasting 

the  risk of mortality in elderly people with CKD and 

a cardiovascular comorbidity.

Conclusion 
Renal pathology contribution to estimated GFR in 

elderly and old patients with CKD and a cardiovascular 

comorbidity grows along with CKD severity and is inde-

pendent of sex and age. In elderly and old patients with a 

stable cardiovascular pathology, renal pathology contri-

bution to estimated GFR of over 17.9 % has prognostic 

signifi cance in the assessment of one-year mortality vs. 

eGFR calculation using the CKD EPI formula (as modi-

fi ed in 2011) (OR 2.47; 95 % CI 1.31–4.67; p = 0.004).
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