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Abstract

Background: To examine the prevalence of chronic kidney disease (CKD) and its associations in a Russian
population.

Methods: Out of 7328 eligible individuals, the population-based cross-sectional Ural Eye and Medical Study
included 5899 (80.5%) individuals aged 40+ years and undergoing a detailed medical examination. The estimated
glomerular filtration rate (eGFR) was calculated using the Chronic-Kidney-Disease-Epidemiology-Collaboration (CKD-
EPI) equation.

Results: The mean eGFR was 72.3 ± 19.1 mL/min/1.73m2 (median:70.3 mL/min/1.73m2). Prevalence of CKD stage 3a
(eGFR< 60 mL/min/1.73m2 and > 45 mL/min/1.73m2), CKD stage 3b (eGFR< 45 mL/min/1.73m2 and > 30 mL/min/
1.73m2) and CKD stage 4+ (eGFR< 30 mL/min/1.73m2) were 1351/5841 (23.1%;95% confidence interval (CI):22.1,24.2),
294/5841 (5.0%;95%CI:4.5,5.6), and 29/5841 (0.5%;95%CI:0.3,0.7), respectively. The CKD stage 3+ prevalence increased
(P < 0.001) from 11.1% (95%CI:8.4,13.9) in 40–44-year-olds to 56.8% (95%CI:52.8,60.8) in 75 + year-olds. In univariate
analysis, CKD stage 3a + prevalence increased with higher systolic blood pressure (P < 0.001). In multivariable
analysis, higher prevalence of CKD stage 3a + was associated with older age (P < 0.001;odds ratio (OR):1.06;95%CI:
1.05,1.07), female sex (P < 0.001;OR:2.29;95%CI:1.94,2.69), rural region of habitation (P = 0.001;OR:1.29;95%CI:1.11,1.50),
higher body mass index (P = 0.03;OR:1.02;95%CI:1.002,1.03), lower prevalence of house ownership (P = 0.02;OR:0.57;
95%CI:0.35,0.92), higher prevalence of mostly sitting or standing during work (P < 0.001;OR:1.40;95%CI:1.20,1.64),
higher serum concentration of triglycerides (P < 0.001;OR:1.23;95%CI:1.12,1.35) and blood urea nitrogen (P < 0.001;
OR:1.33;95%CI:1.27,1.40), lower serum concentration of hemoglobin (P = 0.03;OR:0.99;95%CI:0.99,0.999), and lower
prevalence of chronic obstructive pulmonary disease (P < 0.001;OR:0.57;95%CI:0.42,0.78).

Conclusions: In this population from Russia aged 40+ years, prevalence of CKD stage 3+ (28.7%;95%CI:27.5,29.8)
was relatively high as compared to populations from other countries. Associated factors were older age, female sex,
rural region, higher body mass index, a sedentary lifestyle, and lower socioeconomic background.
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Background
The recent Global Burden of Diseases, Injuries, and Risk
Factors Study GBD 2017 revealed that chronic kidney
disease (CKD) caused 1.23 million deaths (95% confi-
dence interval (CI): 1.20, 1.26) worldwide in 2017 and
that this figure had increased by 34.2% (95%CI: 32.0,
36.2) in the preceding decade [1]. CKD was the 16th
most common reason of global YLLs (Years of Live Lost)
in 2017, and it caused 35.8 million DALYs (disability-ad-
justed life years) (95%CI: 33.7, 38.0). Its age-standardized
death rate per 100,000 was 33.6 (95%CI: 32.9, 34.4) [1].
In addition, an impaired kidney function (defined as a
glomerular filtration rate (GFR) of < 60mL/min/1.73m2

or by an albumin-to-creatinine ratio > 30mg/g, after ex-
clusion of end-stage renal disease), caused 2.59 million
deaths (95%CI: 2.39, 2.80) in 2017 and 61.3 million
DALYS (95%CI: 56.9, 66.1) [2]. Despite the high public
health importance of a low GFR, information about the
prevalence of CKD in Russia has been scarce so far [3–
10]. We therefore conducted this study to assess the fre-
quency of CKD in a population in Russia and explored
associations of CKD with other systemic factors such as
gender, age, region of habitation, socioeconomic param-
eters, and medical factors such as biochemical blood pa-
rameters and arterial blood pressure.

Methods
The Ural Eye and Medical Study (UEMS) is a
population-based study performed in the urban region
of Kirovskii of the city of Ufa and in villages of the rural
region of the Karmaskalinsky District in a distance of 65
km from Ufa. Ufa is the capital of the republic of Bash-
kortostan and has a population of 1.1 million inhabitants
including Russians, Bashkirs, Tatars, Ukrainians and
other ethnicities. It is located at the south-western end
of the Ural Mountains. The Ethics Committee of the
Academic Council of the Ufa Eye Research Institute ap-
proved the study design, with informed written consent
obtained from all participants. The study period ranged
from 2015 to 2017 [11–13]. Inclusion criteria were living
in the study regions and an age of 40 years or older. Out
of all (n = 7328) individuals living in the study region
and having an age of 40 + years, 5899 (80.5%) individuals
participated in the study. Social workers visited all eli-
gible study participants at home and invited them to
come to the hospital for the examination. If the individ-
uals were not met in their homes or hesitated to partici-
pate in the study, the social workers returned up to
three times to the homes of the individuals.
All study participants underwent a series of examina-

tions including an interview (conducted by trained social
workers and consisting of more than 250 standardized
questions on the socioeconomic background, smoking
habits and alcohol consumption, physical activity,

depression and anxiety, and known diagnosis and ther-
apy of major diseases), anthropometry, blood pressure
measurement, handgrip dynamometry, spirometry, and
biochemical analysis of blood samples taken under fast-
ing conditions. Using a BS3000P analyzer, we applied
Jaffe’s kinetic method for the determination of the serum
creatinine concentration without de-proteinization. As
part of the clinical routine of the university hospital-
associated clinical laboratory, the diagnostic accuracy of
the serum concentration measurements was regularly
checked in 6-months intervals. The Guidelines for Ac-
curate and Transparent Health Estimates Reporting
(GATHER statement guidelines) were applied for col-
lecting the data [14]. Applying the new guidelines of the
American College of Cardiology and the American Heart
Association for the detection, prevention, management
and treatment of high blood pressure (BP), we differenti-
ated between normal BP (systolic BP (SBP) / diastolic BP
(DBP) less than 120/80mmHg), elevated BP (SBP be-
tween 120 and 129 mmHg and DBP less than 80
mmHg), stage 1 of hypertension (SBP between 130 and
139 mmHg or DBP between 80 and 89mmHg), stage 2
of hypertension (SBP at least 140 mmHg and ≤ 180
mmHg or DBP at least 90 mmHg and ≤ 120 mmHg), and
a hypertensive crisis (SBP > 180 mmHg and/or DBP >
120) [15, 16]. Criteria for diabetes mellitus were a fasting
serum glucose concentration of ≥7.0 mmol/L or a self-
reported history of physician-based diagnosis or therapy
of diabetes mellitus. The study design has been de-
scribed in detail recently [11–13].
We calculated the estimated glomerular filtration rate

(eGFR) using the CKD Epidemiology Collaboration
(CKD-EPI) equation [17–20]. Stage 3a of CKD was de-
fined as an eGFR of < 60mL/min/1.73 m2 and ≥ 45mL/
min/1.73 m2, Stage 3b as an eGFR of < 45mL/min/1.73
m2 and ≥ 30mL/min/1.73 m2, stage 4 as an eGFR of <
30mL/min/1.73 m2 and ≥ 15 mL/min/1.73 m2, and stage
5 as an eGFR of < 15mL/min/1.73 m2. Since we did not
assess albuminuria/proteinuria in our study, CKD stages
1 and 2 could not be defined.
The data were statistically analyzed using a statistical

software package (SPSS for Windows, version 25.0,
IBM-SPSS, Chicago, IL, USA). We first assessed the
mean values of the main outcome parameter, i.e. GFR,
(presented as mean ± standard deviation) and the preva-
lence of CKD (presented as frequency and 95% confi-
dence intervals (CI)). We then carried out a logistic
regression analysis of associations between the preva-
lence of CKD stage 3a + as dependent variable and other
systemic variables, after adjusting for age. It was
followed by a multivariable logistic regression analysis,
in which the prevalence of CKD stage 3a + was the
dependent variable and independent variables were all
those parameters which were associated (P < 0.10) with
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the CKD stage 3a + prevalence in the previous analysis.
We compared the eGFR between the various arterial
hypertension stages by a one way ANOVA (analysis of
variance). We assessed the relationship between systolic
blood pressure and eGFR by linear regression analysis.
We calculated the odds ratios (OR) and their 95% CIs.
All P-values were two-sided and considered statistically
significant, if the values were less than 0.05.

Results
Measurements of the blood concentration of creatinine
were available for 5841 (99.0%) individuals out of the
5899 individuals who primarily participated in the Ural
Eye and Medical Study. The group of subjects with in-
formation on creatinine and the group of individuals
without creatinine measurements did not differ signifi-
cantly in age (58.9 ± 10.7 years versus 61.9 ± 12.0 years;
P = 0.06), gender (men/women: 43.7%/56.3% versus 52%/
48%; P = 0.23) and level of education (P = 0.92). The dis-
tribution of age and gender did not vary markedly be-
tween the study population and the whole population of
Russia (as assessed in the most recent census performed
in 2010), with two constrictions in both populations due
to the consequences of World War II. The mean age of
the study population was 58.9 ± 10.7 years (median: 58
years; range: 40–94 years) [21].

The mean creatinine concentration was 89.9 ±
25.0 μmol/L (median: 88.5 μmol/L) and the mean eGFR
was 72.3 ± 19.1 mL/min/1.73m2 (median: 70.3 mL/min/
1.73m2) (Fig. 1). Out of the 5841 study participants,
1351 (23.1% (95%CI: 22.1, 24.2)) individuals had a CKD
stage 3a, 294 (5.0% (95%CI: 4.5, 5.6)) individuals had a
CKD stage 3b, and 29 individuals had a CKD stage 4 or
5 (0.5% (95%CI: 0.3, 0.7)). There were three individuals
(3/5841; 0.05%) with a CKD stage 5. The prevalence of
CKD stage 3+ was 1674/5841 or 28.7% (95%CI: 27.5,
29.8).
The group of participants with a CKD stage 3a or

higher (i.e., eGFR < 60 mL/min/1.73m2) differed from
the remaining individuals in older age (63.6 ± 11.0 years
versus 57.1 ± 9.9 years; P < 0.001) (Fig. 2), and had a
higher, but not significantly higher, prevalence of dia-
betes mellitus (12.7% (95%CI: 11.1, 14.3) versus 11.2%
(95%CI: 10.3, 12.2); P = 0.13) (Fig. 3). The CKD stage 3+
prevalence increased from 11.1% (95%CI: 8.4, 13.9) in
the age group from 40 to 44 years, to 21.0% (95%CI:
18.3, 23.6) in the age group from 50 to 54 years, to
28.8% (95%CI: 25.9, 31.8) in the age group from 60 to
64 years, and to 56.8% (95%CI: 52.8, 60.8) in the age
group of 75+ years (Fig. 2).
With increasing stage of arterial hypertension, the

eGFR decreased significantly (P = 0.04) (Fig. 4). It hold
even more true when patients with a CKD stage 4+ were

Fig. 1 Histogram showing the distribution of the estimated glomerular filtration rate in the Ural Eye and Medical Study
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Fig. 2 Graph showing the distribution of the prevalence of chronic kidney disease stage 3+ (estimated glomerular filtration rate < 60mL/min/
1.73m2) stratified by age in the Ural Eye and Medical Study

Fig. 3 Graph showing the distribution of the prevalence of diabetes mellitus stratified by the chronic kidney disease stage in the Ural Eye and
Medical Study

Bikbov et al. BMC Nephrology          (2020) 21:198 Page 4 of 12



Fig. 4 Box plot graph showing the distribution of the estimated glomerular filtration rate stratified by the arterial hypertension stages in the Ural
Eye and Medical Study

Fig. 5 Graph showing the distribution of the systolic blood pressure stratified by the chronic kidney disease stage in the Ural Eye and
Medical Study

Bikbov et al. BMC Nephrology          (2020) 21:198 Page 5 of 12



excluded (P = 0.02). Correspondingly, systolic blood
pressure increased significantly with lower eGFR (P <
0.001), although it dropped from CKD stage 3b to stage
4+ (Fig. 5).
Due the relatively strong association between a higher

prevalence of CKD stage 3+ and older age (OR: 1.06;
95%CI: 1.06, 1.07; P < 0.001), and since many of the in-
dependent variables were also associated with age, we
conducted the following analysis of associations between
the prevalence of CKD stage 3a + after adjusting for age.
A higher prevalence of CKD stage 3+ was then signifi-
cantly correlated with female sex (P < 0.001), rural region
of habitation (P < 0.001), and other parameters (Table 1).
In the multivariable analysis, we dropped parameters
such as waist-hip ratio due to collinearity, and due to
lack of significance, parameters such as mean arterial
blood pressure (P = 0.89), and others (Table 1). In the
final model, a higher prevalence of CKD (stage 3a+) was
associated with older age (P < 0.001), female sex (P <
0.001), rural region of habitation (P = 0.001), higher body
mass index (P = 0.03), lower prevalence of house owner-
ship (P = 0.02), higher prevalence of mostly sitting or
standing during work (P < 0.001), higher serum concen-
tration of triglycerides (P < 0.001) and blood urea nitro-
gen (P < 0.001), lower serum concentration of
hemoglobin (P = 0.03), lower prevalence of diabetes mel-
litus (P = 0.004), and lower prevalence of chronic ob-
structive pulmonary disease (P < 0.001) (Table 2). If the
blood urea nitrogen parameter was dropped, all other
variables remained to be significantly associated with the
prevalence of CKD stage 3a+. If the parameters of sys-
tolic blood pressure (P = 0.46), diastolic blood pressure
(P = 0.48) and stage of arterial hypertension (P = 0.64)
were independently added to the model, there were not
statistically significantly associated with the prevalence
of CKD stage 3 + .

Discussion
In our population-based study on a population from
Russia with a typical ethnical composition, the preva-
lences of CKD stage 3a, 3b and 4 were 23.1, 5.0 and
0.5%, respectively. The prevalence of CKD stage 3a or
higher increased from 11.1% in the age group of 40–44
years to 21.0% in the age group of 50–54 years, and to
56.8% (95%CI:52.8,60.8) in the age group of 75+ years.
In univariate analysis, the prevalence of CKD stage 3a +
increased with higher systolic blood pressure (P < 0.001).
Higher prevalence of CKD stage 3+ was not significantly
associated with a higher prevalence of diabetes mellitus
(Fig. 3). In multivariable analysis, higher prevalence of
CKD stage 3a + was associated with older age, female
sex, rural region of habitation, higher body mass index,
lower prevalence of house ownership, higher prevalence
of mostly sitting or standing during work, higher serum

concentration of triglycerides and blood urea nitrogen
and lower serum concentration of hemoglobin, and
lower prevalence of diabetes mellitus and of chronic ob-
structive pulmonary disease.
The findings obtained in our study on the prevalence

of CKD in Russia can hardly directly be compared with
other investigations from Russia due to the scarcity of
such studies in the country. In the study by van Pottel-
bergh and colleagues on the prevalence of CKD in 611
individuals aged 65+ years) in a district of St. Petersburg,
the prevalence of CKD stage III-V for men ranged be-
tween 11 and 15% and for females between 14 and 29%
[6]. Including only individuals with an age of 65+ year
from our study population revealed a prevalence of CKD
stage 3+ of 37.9% (95%CI: 34.2, 41.6) for men and of
49.4% (95%CI: 46.5, 52.4) for women. These figures were
higher than those reported by van Pottelbergh and asso-
ciates. In a study by Dobronravov and colleagues per-
formed in the towns of Veliky Novgorod and Syktyvkar
in the North-West region of the Russian Federation
from 1998 to 1999, 490 patients with CKD of stage IV+
were found in a total population of 1,840,000, revealing
a prevalence of 266 per million or 0.03% [4]. In an inves-
tigation conducted by Smirnov and coworkers in the
Tyva Republic in Southern Siberia in the period from
2003 to 2004, the prevalence of CKD stage IV+ was 493
patients per million or 0.0493% [5]. These figures were
by a factor of 10 or 18, respectively, lower than the
prevalence of CKD4+ in our study population (32/5841
or 0.55%). One of the reasons for the discrepancies be-
tween the studies may be differences in the study period
and associated differences in the medical infrastructure.
The less developed the medical infrastructure was, the
lower might have been the life expectancy of patients
with CKD, and the medical infrastructure was less devel-
oped in 1998/1999 as compared to our study period of
2015 to 2017. In addition, it depended on the presence
of diabetes mellitus and diastolic blood pressure.
Compared with other countries, the prevalence of

CKD stage 3+ was higher in our study population from
Russia than in a worldwide meta-analysis in which the
prevalence of CKD stage 3a + b was 7.6% (95%CI: 6.4,
8.9) [22]. The worldwide figures for the prevalence of
CKD stage 4 (0.4%; 95%: 0.3, 0.5) and CKD stage 5
(0.1%; 95%CI: 0.1, 0.1) were similar to the one in our
study population [22]. Previous studies have shown a de-
pendence of the prevalence of CKD on geography and
on the socio-demographic index, with a higher CKD
prevalence in regions such as Europe, USA, Canada and
Australia [22]. Although Russia does not belong to the
high-income countries, its medical infrastructure has
now been relatively well developed. To cite an example,
the awareness rate of diabetes mellitus in the Ural Eye
and Medical Study was 500/687 or 72.8% (95%CI: 69.0,
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Table 1 Logistic regression analysis of the associations between the prevalence of a chronic kidney disease stage 3a + (estimated
glomerular filtration rate < 60 mL/min/1.73m2) and systemic parameters after adjusting for age in the Ural Eye and Medical Study

Parameter Total Study
Population

Estimated Glomerular
Filtration Rate≥ 60 mL/
min/1.73m2 (n = 4167)

Estimated Glomerular
Filtration Rate < 60 mL/
min/1.73m2 (n = 1674)

P-
Value

Odds
ratio

95%
Confidence
Intervals

Gender: Women / Men (n = 5841) 3291 (56.3%) / 2550
(43.7%)

2121 (50.9%) / 2046
(49.1%)

1170 (69.9%) / 504
(30.1%)

<
0.001

2.20 1.94, 2.49

Rural / urban region of habitation (n =
5841)

3385 (42.0%) / 2456
(42.0%)

2378 (57.1%) / 1789
(42.9%)

1007 (60.2%) / 667
(39.8%)

<
0.001

1.56 1.38, 1.77

Family status: Married versus any other
status (n = 5841)

4269 (73.1%) / 1570
(26.9%)

3181 (76.3%) 1088 (65.0%) <
0.001

0.77 0.68, 0.88

Family typea: Joint (three generations) /
nuclear (two generations) / single /
family of 2 people (n = 5821)

1523 (26.2%) / 2479
(42.6%) / 322 (5.5%) /
1497 (25.7%)

1077 (25.8%) / 1812
(43.6%) / 200 (4.8%) /
1071 (25.7%)

446 (26.9%) / 667 (40.2%)
/ 122 (7.3%) / 426 (25.6%)

0.25 1.08 0.95, 1.24

Ethnicity: Russian / any other ethnicity
(n = 5841)

1180 (22.0%) 845 (22.2%) 335 (21.5%) 0.03 0.84 0.73, 0.98

Body mass index (kg/m2) (n = 5841) 27.9 ± 5.0 27.8 ± 5.0 28.3 ± 4.9 <
0.001

1.02 1.01, 1.03

Waist-hip-circumference-ratio (n = 5837) 0.91 ± 0.09 0.91 ± 0.09 0.91 ± 0.09 0.01 0.42 0.21, 0.82

Socioeconomic parameters

Level of education (n = 5839)b 5.6 ± 1.4 5.6 ± 1.3 5.3 ± 1.5 0.92 1.00 0.96, 1.04

House ownership (n = 5841) 5581 (95.5%) 3963 (95.1%) 1618 (96.7%) <
0.001

0.74 0.63,0.87

Socioeconomic Score (n = 5836)c 9.7 ± 1.8 9.8 ± 1.8 9.4 ± 1.9 0.23 0.98 0.95, 1.01

Physical activity

How long is your usual work day?
(Minutes) (n = 4324)

463 ± 263 488 ± 271 394 ± 227 <
0.001

0.999 0.999, 1.000

Does your work involve mostly sitting
or standing with less than 10 min of
walking at a time? (n = 5066)

3456 (68.2%) 493 (68.0%) 963 (68.9%) <
0.001

1.42 1.23, 1.64

History of diseases

History of angina pectoris (n = 5840) 533 (9.1%) 386 (9.3%) 147 (8.8%) 0.56 1.06 0.87, 1.31

History of asthma (n = 5840) 162 (2.8%) 115 (2.8%) 47 (2.8%) 0.23 0.80 0.56, 1.15

History of arthritis (n = 5840) 1618 (27.7%) 1102 (26.5%) 516 (30.8%) 0.74 0.98 0.86, 1.12

History of previous bone fractures (n =
5355)

1636 (30.6%) 1192 (31.4%) 444 (28.5%) 0.001 0.80 0.70, 0.92

History of low back pain (n = 5355) 2893 (54.0%) 2052 (54.0%) 841 (54.0%) 0.73 1.02 0.90, 1.16

History of thoracic spine pain (n =
5355)

1255 (23.4%) 854 (22.5%) 401 (25.8%) 0.007 1.22 1.06, 1.40

History of neck pain (n = 5355) 1559 (29.1%) 1111 (29.3%) 448 (28.8%) 0.97 1.00 0.87, 1.14

History of headache (n = 5355) 2530 (47.2%) 1752 (46.1%) 778 (50.0%) 0.007 1.19 1.05, 1.34

History of cancer (n = 5355) 174 (3.0%) 109 (2.6%) 65 (3.9%) 0.51 1.12 0.81, 1.54

History of cardiovascular disorders
including stroke (n = 5840)

1456 (27.2%) 954 (25.1%) 502 (32.2%) 0.53 1.04 0.91, 1.20

History of dementia (n = 5355) 37 (0.7%) 22 (0.6%) 15 (1.0%) 0.71 0.88 0.45, 1.74

History of diarrhea (n = 5355) 27 (0.5%) 20 (0.5%) 7 (0.4%) 0.73 0.86 0.35, 2.09

History of iron-deficiency anemia (n =
5355)

303 (5.%) 216 (5.7%) 87 (5.6%) 0.29 1.16 0.89, 1.51

History of low blood pressure and
hospital admittance (n = 5813)

214 (3.7%) 148 (3.6%) 66 (3.9%) 0.64 0.93 0.68, 1.28

History of osteoarthritis (n = 5355) 981 (18.3%) 687 (18.1%) 294 (18.9%) 0.58 0.96 0.82, 1.12

History of skin disease (n = 5355) 280 (5.2%) 193 (5.1%) 87 (5.6%) 0.56 1.08 0.83, 1.42

History of thyreopathy (n = 5840) 604 (10.3%) 410 (9.8%) 194 (11.6%) 0.18 1.14 0.94, 1.37
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Table 1 Logistic regression analysis of the associations between the prevalence of a chronic kidney disease stage 3a + (estimated
glomerular filtration rate < 60 mL/min/1.73m2) and systemic parameters after adjusting for age in the Ural Eye and Medical Study
(Continued)

Parameter Total Study
Population

Estimated Glomerular
Filtration Rate≥ 60 mL/
min/1.73m2 (n = 4167)

Estimated Glomerular
Filtration Rate < 60 mL/
min/1.73m2 (n = 1674)

P-
Value

Odds
ratio

95%
Confidence
Intervals

History of falls (n = 5836) 1099 (18.8%) 793 (19.1%) 306 (18.3%) 0.02 0.84 0.72, 0.98

History of unconsciousness (n = 5840) 486 (8.3%) 334 (8.0%) 152 (9.1%) 0.80 1.03 0.83, 1.27

Blood concentrations of:

Alanine aminotransferase (IU/L) (n =
5835)

21.2. ± 12.1 21.3 ± 12.6 20.9 ± 10.8 0.14 1.00 1.00, 1.00

Aspartate aminotransferase (IU/L) (n =
5838)

20.8 ± 11.0 20.8 ± 11.3 20.6 ± 10.1 0.24 1.00 0.99, 1.00

Bilirubin, total (μmol/L) (n = 5841) 14.9 ± 11.2 14.9 ± 11.1 15.0 ± 11.5 0.59 1.00 1.00, 1.01

High-density lipoproteins (mmol/L)
(n = 5315)

2.32 ± 0.89 2.32 ± 0.87 2.30 ± 0.95 0.46 0.97 0.91, 1.04

Low-density lipoproteins (mmol/L)
(n = 5316)

2.13 ± 1.20 2.10 ± 1.21 2.20 ± 1.17 0.01 1.07 1.02, 1.12

Cholesterol (mmol/L) (n = 5841) 5.79 ± 1.69 5.72 ± 1.74 5.96 ± 1.53 <
0.001

1.08 1.04, 1.12

Triglycerides (mmol/L) (n = 5320) 1.41 ± 0.75 1.38 ± 0.74 1.48 ± 0.76 <
0.001

1.19 1.10, 1.29

Rheumatoid factor (IU/mL) (n = 5839) 0.12 ± 0.94 0.10 ± 0.82 0.17 ± 1.20 0.67 1.01 0.96, 1.07

Erythrocyte sedimentation rate (mm /
hour) (n = 5838)

14.2 ± 11.3 13.4 ± 10.9 16.1 ± 12.1 <
0.001

1.01 1.01, 1.02

Glucose (mmol/L) (n = 5839) 5.03 ± 1.67 5.02 ± 1.72 5.06 ± 1.56 0.06 0.97 0.93, 1.00

Creatinine (μmol/L) (n = 5841) 89.9 ± 25.0 80.9 ± 16.5 112.1 ± 28.4

Blood urea nitrogen (mmol/L) (n =
5841)

5.11 ± 1.46 4.89 ± 1.25 5.66 ± 1.85 <
0.001

1.34 1.28, 1.40

Residual nitrogen (g/L) (n = 5840) 0.25 ± 0.07 0.25 ± 0.08 0.27 ± 0.06 <
0.001

316 86, 1194

Total protein (g/L) (n = 5841) 76.0 ± 6.3 76.0 ± 6.3 76.0 ± 6.5 0.27 1.01 1.00, 1.02

International normalized ratio (INR)
(n = 5837)

1.06 ± 0.14 1.06 ± 0.15 1.06 ± 0.14 0.48 1.16 0.77, 1.75

Prothrombin time (%) (n = 5839) 96.0 ± 10.3 96.0 ± 10.1 96.1 ± 10.6 0.34 1.00 0.99, 1.00

Hemoglobin (g/L) (n = 5840) 142.6 ± 14.8 143.7 ± 14.7 139.9 ± 14.6 <
0.001

0.99 0.98, 0.99

Leukocytes (109 cells / L) (n = 5840) 5.12 ± 1.43 5.12 ± 1.41 5.12 ± 1.48 0.58 0.99 0.95, 1.03

Clinical Characteristics

Prevalence of diabetes mellitus (n =
5841)

680 (11.6%) 468 (11.2%) 212 (12.7%) 0.07 0.85 0.71, 1.01

Blood pressure, systolic (mmHg) (n =
5833)

133.6 ± 20.5 132.8 ± 20.1 135.5 ± 21.2 0.05 0.997 0.994, 1.000

Blood pressure, diastolic (mmHg) (n =
5833)

82.0 ± 10.4 82.1 ± 10.4 81.7 ± 10.5 0.04 0.994 0.998, 1.000

Blood pressure, mean (mmHg) (n =
5833)

99.2 ± 12.5 99.0 ± 12.5 99.6 ± 12.6 0.03 0.995 0.990, 0.999

Prevalence of arterial hypertension
(n = 5833)

4933 (84.5%) 3486 (83.7%) 1447 (86.5%) 0.31 1.07 0.94, 1.20

Prevalence of chronic obstructive
pulmonary disease (n = 5350)

367 (6.9%) 290 (7.6%) 77 (4.9%) <
0.001

0.59 0.45, 0.78

Diet

Vegetarian diet / mixed diet (n = 5841) 10 (0.2%) / 5831
(99.8%)

8 (0.2%) / 4159 (99.8%) 2 (0.1%) / 1672 (99.9%) 0.98 1.02 0.21, 4.97
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Table 1 Logistic regression analysis of the associations between the prevalence of a chronic kidney disease stage 3a + (estimated
glomerular filtration rate < 60 mL/min/1.73m2) and systemic parameters after adjusting for age in the Ural Eye and Medical Study
(Continued)

Parameter Total Study
Population

Estimated Glomerular
Filtration Rate≥ 60 mL/
min/1.73m2 (n = 4167)

Estimated Glomerular
Filtration Rate < 60 mL/
min/1.73m2 (n = 1674)

P-
Value

Odds
ratio

95%
Confidence
Intervals

Number of meals per day (n = 5836) 3.63 ± 0.79 3.62 ± 0.80 3.66 ± 0.78 0.12 1.06 0.99, 1.14

In a week how many days do you eat
fruits? (n = 5799)

5.36 ± 1.98 5.36 ± 1.98 5.37 ± 1.98 0.12 1.02 0.99, 1.06

In a week how many days do you eat
vegetables? (n = 5829)

6.26 ± 1.42 6.27 ± 1.42 6.25 ± 1.42 0.41 1.02 0.98, 1.06

Type of oil used for cooking:
vegetable oil / non-vegetable oil (n =
4585)

4435 (96.7%) / 150
(3.3%)

3059 (96.3%) / 117 (3.7%) 1376 (97.7%) / 33 (2.3%) 0.10 0.82 0.64, 1.04

Foods Containing Whole Grain (n =
5352) (No/Yes)

1089 (20.3%) / 4263
(79.7%)

775 (20.4%) / 3022
(79.6%)

314 (20.2%) / 1241
(79.8%)

0.21 1.10 0.95, 1.29

Salt consumed per day (g) (n = 5316) 4.27 ± 2.37 4.26 ± 2.32 4.29 ± 2.50 0.49 1.01 0.98, 1.04

Degree of processing of meat (weak /
medium / well done) (n = 5350)

118 (2.2%) / 1906
(35.6%) / 3326
(62.2%)

94 (2.5%) / 1355 (35.7%) /
2346 (61.8%)

24 (1.5%) / 551 (35.4%) /
980 (63.0%)

0.08 1.11 0.99, 1.24

Smoking

Do you currently smoke any tobacco
products? (yes) (n = 5834)

733 (12.6%) 629 (15.1%) 104 (6.2%) <
0.001

0.49 0.40, 0.62

Do you smoke daily? (yes / no) (n =
5841)

707 (12.1%) 608 (14.6%) 99 (5.9%) <
0.001

0.48 0.39, 0.61

Package years (package = 20
cigarettes) (n = 5800)

4.1 ± 12.7 4.8 ± 13.6 2.2 ± 9.9 <
0.001

0.99 0.98, 0.99

Alcohol Consumption

Alcohol consumed such as beer,
whisky, rum, gin brandy or other local
products? (yes / no) (n = 5838)

1238 (21.2%) 940 (22.6%) 298 (17.8%) 0.43 0.94 0.81, 1.10

How many alcoholic drinks (in mL) do
you have on a typical day when you
are drinking) (n = 1221)

194 ± 154 208 ± 158 152 ± 132 <
0.001

0.997 0.996, 0.998

Depression and State-Trait Anxiety Inventory (STAI)

Depression score (n = 5838) 1.18 ± 3.75 1.03 ± 3.70 1.57 ± 3.83 0.009 1.02 1.01, 1.04

Anxiety score (n = 5835) −0.66 ± 3.55 −0.83 ± 3.53 −0.24 ± 3.55 <
0.001

1.03 1.02, 1.05

Dynamometry

Manual dynamometry, right hand
(dekaNewton) (n = 5348)

30.5 ± 11.7 32.2 ± 11.7 26.4 ± 10.7 <
0.001

0.97 0.96, 0.98

Manual dynamometry, left
(dekaNewton) (n = 5342)

26.9 ± 11.3 28.6 ± 11.4 23.0 ± 10.1 <
0.001

0.97 0.96, 0.98

P-values and confidence intervals were not corrected for multiple comparisons
The averages presented in the table are calculated from the numbered ranks assigned to each level
a Joint Family: All non-joint family types (nuclear, single and family) were grouped into one category of “Non-Joint Family” and compared with “Joint
Family” (Reference)
b The level of education was categorized into the stages of category 1 (“illiteracy”: no reading ability at all; n = 17 (0.3%)), category 2 (“passing of the 5th class”;
n = 102 (1.7%)), category 3 (“passing of the 8th class”; n = 589 (10.1%)), category 4 (“passing of the 10th class”; n = 651 (11.1%)), category 5 (“passing of the 11th
class”; n = 777 (13.3%)), category 6 (“graduation”; n = 2029 (34.7%)), and category 7 (“post-graduation and specialized secondary education”; n = 1674 (28.7%))
c The socioeconomic score was calculated as the sum of the level of education (1: “illiteracy”; 2: “passing of the 5th class”; 3: “passing of the 8th class”; 4: “passing
of the 10th class”; 5: “passing of the 11th class”; 6: “graduation”; 7: “post-graduation and specialized secondary education”), the level of self-reported income (1:
“below the poverty line” (n = 1309; 22.4%); 2: “average” (n = 4269; 73.1%); 3: “above the average” (n = 253; 4.3%); 4: “high” (n = 7;0.1%)), ownership of a house (0:
no (260; 4.5%); 1: yes (n = 5581; 95.5%), and the ownership of a television set (0:no (n = 44; 0.8%); 1: yes (n = 5797; 99.2%)). A higher score indicates a better
socio-economic status
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76.0), a figure fully comparable with the general diabetes
awareness rate of 74.8% in the U.S.A., but considerably
higher than the values reported for Hispanics/Latinos liv-
ing in the U.S.A. with an awareness rate of 58.7% [23–26].
The relatively high prevalence of CKD in the

present study population may therefore be associated
with the medical infrastructure in the study region,
leading to an increasing survival time of patients with
CKD and thus a higher percentage of this group in
the total population. Other reasons for discrepancies
between various studies in the prevalence of CKD
may be due to differences in other parameters such
diet, environmental factors and others.
The associations between a higher prevalence of CKD

and systemic factors such as higher age and female gen-
der are in agreement with the results of previous studies
from other countries. In the worldwide meta-analysis,
two-thirds of the 100 studies included into the analysis
found a higher CKD prevalence in women than in men
[22, 26–28]. The reasons for this gender-specific differ-
ence have remained elusive so far. The lower muscle
mass in women as compared to men with the muscle
mass being a major factor of the serum creatinine con-
centration has been taken into account in the calculation
of the eGFR values [12–14, 27–29].
Interestingly, a higher prevalence of CKD was not as-

sociated with a higher prevalence of diabetes mellitus in
the multivariable analysis (Table 2), while in the univari-
ate analysis, the prevalence of diabetes mellitus increased

in the CKD stage 4+ (Fig. 3). Reason for the lack of a
clear association between diabetes mellitus and CKD in
the study population may be that patients with diabetes
were relatively early detected (according to the high
awareness rate of 72.8%), so that diabetes-related late se-
quelae such as CKD might have occurred in a relatively
low frequency [23]. In that context, it should be taken into
account that early diabetic nephropathy is characterized
by albuminuria, which was not measured in our study.
When results of our study are discussed, its limitations

should be considered. First, the study depended on a sin-
gle measurement of the serum creatinine concentration,
which however varies within individuals with changes up
to 21% within a 2-week period [30]. Correspondingly, a
population-based study from Morocco reported that up
to 30% of the individuals initially classified as CKD 3a
showed higher eGFR values 12 months later and were
thus no longer considered having a CKD [31]. Second,
when comparing results between different studies and
countries, differences in the methods applied and differ-
ences in the formulas used to calculate the eGFR values
have to be taken into account. Third, when the results of
investigations on different study populations are com-
pared with each other, differences in the composition of
the study populations with respect to the factors associ-
ated with the prevalence of CKD should be considered.
These factors include the parameters of age, gender, in-
clusion and exclusion criteria, study period and quality
of the medical infrastructure. In particular the latter

Table 2 Associations (multivariable logistic regression analysis) of the prevalence of chronic kidney disease stage 3a + (estimated
glomerular filtration rate < 60 mL/min/1.73m2) and systemic parameters in the Ural Eye and Medical Study (n = 4655)

Parameter P-Value Odds Ratio 95% Confidence Interval

Age (Years) < 0.001 1.06 1.05, 1.07

Gender (Women / Men) < 0.001 2.29 1.94, 2.69

Rural region of habitation 0.001 1.29 1.11, 1.50

Body mass index (kg/m2) 0.03 1.02 1.002, 1.03

House ownership 0.02 0.57 0.35, 0.92

Does your work involve mostly sitting or standing with less than 10 min of walking at a time? < 0.001 1.40 1.20, 1.64

Serum concentration of blood urea nitrogen concentration (mmol/L) < 0.001 1.33 1.27, 1.40

Serum concentration of hemoglobin (g/L) 0.03 0.99 0.99, 0.999

Serum concentration of triglycerides (mmol/L) < 0.001 1.23 1.12, 1.35

Diabetes Mellitus 0.004 0.71 0.56, 0.90

Chronic obstructive pulmonary disease < 0.001 0.57 0.42, 0.78

The multivariable logistic regression analysis included as independent variables all those parameters that were associated (P < 0.10) with the CKD stage 3a +
prevalence in the previous analysis after adjusting for age (age, gender, region of habitation, family status, Russian ethnicity, body mass index, waist-hip
circumference ratio, house ownership, length of usual working day, work performed mostly in sitting position, history of previous bone fractures, thoracic spine
pain, headache and previous falls, serum concentrations of lipoproteins, cholesterol, triglycerides, glucose, blood urea nitrogen, residual nitrogen and hemoglobin,
erythrocyte sedimentation rate, systolic, diastolic and mean blood pressure, prevalence of diabetes mellitus and chronic obstructive pulmonary disease, degree of
process meat, current smoking, daily smoking, smoking package years, number of alcoholic drinks (in mL) on a typical day with alcohol drinking, depression score,
anxiety score, and left and right manual dynamometry). We then dropped parameters due to collinearity (such as waist-hip ratio, left dynamometry, systolic and
diastolic blood pressure, prevalence of arterial hypertension, serum concentration of glucose) and due to lack of significance (such as mean arterial blood pressure
(P = 0.89), and others)
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factor may influence the difference in the prevalence of
CKD between high-income countries and low-income
countries where patients with CKD have a shortened
remaining life expectancy so that their proportion on
the general population diminishes. Fourth, since we did
not examine the prevalence of proteinuria in this
population-based investigation, the diagnosis of CKD
could be based only on the eGFR value.

Conclusions
In conclusion, in this population from Russia with an
age of 40+ years, the prevalence of CKD stage 3+
(28.7%) was relatively high as compared to populations
from other countries. Factors associated with the preva-
lence of CKD were older age, female sex, rural region of
habitation, higher body mass index, higher prevalence of
more sedentary lifestyle, and a lower socioeconomic
background.
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