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SUMMARY - The aims of the study were to provide data on chronic kidney disease (CKD) prev-
alence in rural population and to analyze the association with cardiovascular risk factors and aging. A
random sample of 2193 farmers (1333 female (F) and 860 male (M), mean age 50.61+17.12) were
enrolled. Questionnaire and clinical examination were conducted. Participants provided a spot urine and
fasting blood sample. Estimated glomerular filtration rate (eGFR) was estimated using Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation. Subjects were classified according to the
KDIGO guidelines. The overall prevalence of CKD (eGFR <60 mL/min/1.73 m?) was 8.83% (F vs. M
9.9% ws. 6.3%; p<0.001). Albuminuria (albumin-to-creatinine ratio >30 mg/g) was found in 8.45% (F
vs. M p>0.05). Sharp increase in CKD prevalence was found to begin after the sixth decade (29.44% in
subjects older than 65 years; F vs. M 30.9% ws. 26.8%; p<0.01). The strongest predictor factors for CKD
were age >65 years (OR 22.12), hypertension (OR 6.53), albuminuria (OR 5.71), fasting blood glucose
>7 mmol/L (OR 5.49), diabetes (OR 3.07), abdominal obesity (OR 2.05) and non-smoking (OR 0.41).
In multivariate analysis, age (OR 1.13), female gender (OR 0.60) and diabetes (OR 1.75) were the in-
dependent predictor factors for CKD. In conclusion, CKD prevalence is high in rural population, being
higher in women than in men. In both genders, eGFR significantly decreased with aging. Aging is a
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significant independent predictor of CKD.
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Introduction

Chronic kidney disease (CKD) is one of the major
global health burdens due to the high prevalence and
associated risk of end-stage renal disease (ESRD). In
addition, CKD is an independent risk factor for car-
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diovascular disease and premature deaths™?. A recent
meta-analysis reports on the age standardized global
prevalence of CKD of 10.4% in men and 11.8% in
women®. According to the Global Burden of Dis-
ease Study, 956,200 deaths worldwide were caused
by CKD. Importantly, an increase of 134.6% was ob-
served between 1990 and 2013%. An increasing trend
was also observed in CKD prevalence. The American
National Health and Nutrition Examination Survey
tound the prevalence of CKD stages 1 to 4 to be sig-
nificantly higher in the 1999-2004 period as compared
with the 1988-1994 period (13.1% wvs. 10%)*. A cut-
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off of estimated glomerular filtration rate (eGFR) <60
mL/min/1.73 m? was determined for defining CKD
in an adult of any age and gender if persisting for at
least 3 months of observation®. It is recommended to
use serum creatinine concentration to estimate GFR
and transform it using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation®.
CKD is associated with enormous economic and fi-
nancial burden. It has been estimated that high-in-
come countries spend more than 2%-3% of annual
health care budget for this disorder’. Interestingly
and importantly, total costs of the treatment of mild-
er forms of CKD are much higher than total costs of
treating ESRD. For instance, Medicare expenditures
were 64 billion and 34 billion United States dollars for
CKD and ESRD, respectively®. The high prevalence of
CKD is a consequence of the worldwide epidemics of
hypertension, diabetes, and obesity. In addition, aging
of the population contributes to this increased burden
of CKD’. As Glassock ez al. underline, “graying of the
globe”is a common mantra to describe the ever-grow-
ing segment of the world’s population'. The preva-
lence of CKD defined as eGFR <60 mL./min/1.73 m?
significantly increases with aging ™. However, nor-
mal kidney senescence should be considered as GFR
decline by about 6 to 7 mL/min/1.73 m? per decade
starting after age 35 to 40 years"". Despite the fact
that CKD is a global health concern, data on the prev-
alence of CKD and its association with risk factors in
Croatia are lacking. Thus, the aim of our study was to
provide data on CKD prevalence estimates according
to the KDIGO recommendation in our rural popula-
tion and to analyze its association with cardiovascular
risk factors.

Patients, Materials and Methods

Patient data

This cross-sectional observational study (ENAH
study) included 2,523 inhabitants from a rural area
in the inland part of Croatia. All farmers older than
18 years were invited to participate and were exam-
ined on a door-to-door basis. Participation rate was
83%. Pregnant women, patients with terminal illness
who were bed-ridden, patients with severe disabili-
ty or those who had at least one limb amputated or
immobilized, as well as mentally ill or those suffering
from dementia were considered ineligible to enter the
study protocol. Of the 2,523 subjects enrolled, some
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key data elements were missing in 330 subjects, and
finally analysis was performed on a total of 2,193
villagers (860 men and 1333 women). Out of them
1,656 subjects provided first and second morning
urine sample; 126 subjects were excluded because of
unreliable urine specimens (specific gravity <1.002 or
>1.030) and 30 because of acute urinary tract infec-
tion; thus, data on albuminuria were analyzed in 1500
subjects. Data collection including epidemiological
questionnaire, medical history and clinical examina-
tion was conducted in participant homes by physicians
and trained nurses. All study personnel were trained
to collect survey and clinical information in a stan-
dardized manner. Participants completed an extensive
survey, provided a spot urine and fasting blood sam-
ple. Body weight and height were measured and body
mass index (BMI) was calculated. Abdominal obesity
was defined as waist circumference >102 cm for male
and >88 cm for female. Blood pressure was measured
three times on the non-dominant arm by an Omron
Mo device as per ESH/ECS guidelines. Hypertension
was defined as blood pressure 2140/90 mm Hg and/
or use of antihypertensive drugs. Diabetes was defined
as fasting blood glucose >7 mmol/L and/or use of an-
tidiabetic drugs. CKD was defined as eGFR <60 mL/
min/1.73 m?% CKD stages were classified according
to the Kidney Disease Improving Global Outcomes
guidelines (KDIGO)?, as follows: stage 1 GFR = >90
mL/min/1.73 m? stage 2 GFR = 60-89 mL/min/1.73
m? stage 3A GFR = 45-59 ml/min/1.73 m? stage
3B GFR = 30-44 mL./min/1.73 m? stage 4 GFR =
15-29 mL/min/1.73 m?%* and stage 5 GFR = <15
mlL/min/1.73 m? Albuminuria was defined as albu-
min-to-creatinine ratio (ACR) >30 mg/g. The study
was approved by the Ethics Boards of the School of
Medicine, University of Zagreb, National Institute of
Public Health and Dr. Josip Bencevi¢ General Hos-
pital, and all participants gave their written informed
consent.

Methods

Fasting blood and morning urine samples were an-
alyzed by using standard laboratory methods. About
15 mL of venous blood (4 mL in K2EDTA, blood
collection tube for red blood cell count (RBC) and 8.5
mL in tube with Silica Clot Activator-SST for bio-
chemistry tests; BD Diagnostic, Sparks, MD, USA)
and 50 mL. morning urine sample were collected in
plastic container for each subject. Blood samples were
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centrifuged for 10 minutes at 3500 rpm within 2 hours
of collection. All samples were transported the same
day to the Department of Laboratory Diagnostics,
Zagreb University Hospital Center, where they were
analyzed immediately. RBC was determined accord-
ing to the principle of laser light scattering technology
on Cell Dyn Sapphire (Abbott Diagnostics, IL, USA)
and Sysmex XE 5000 (Sysmex Europe GmbH, Nor-
derstedt, Germany) analyzers. Serum creatinine and
urine creatinine were measured on an Olympus 2700
analyzer using the Jaffé kinetic uncompensated meth-
od with continuous measurement (Beckman-Coulter,
CA, USA). Calibration was performed using the
same company calibrators traceable to IDMS meth-
od and Standard Reference Material (SRIM) 909B,
level 2, National Institute of Standards and Technol-
ogy (NIST, USA) for serum and the NIST reference
material SRM 914a (substance creatinine purity of
99.7+0.3%) for urine samples. Continuous internal
quality control was performed throughout the study
using quality control materials provided by the respec-
tive manufacturers. For CKD staging, urine albumin
(U-Alb) was measured in the first morning sample by
immunonephelometric assay (BN II nephelometer,
Siemens Healthcare Diagnostics Inc., Tarrytown, NY,
USA) standardized using primary ERM-DA470 cal-
ibrators with a method sensitivity of 3.0 mg/L. eGFR
(mL/min/1.73 m?) was calculated by applying serum
creatinine to CKD-EPI equations:

Serum
creatinine | CKD-EPI equation (mL/
Gender level min/1.73 m?)
(pmol/L)
GFR = 144 x (Scr/0.7)03%
Female |<62 % (0.993)A
262 GFR = 144 x (Scr/0.7)12%
x (0.993)As
GFR = 141 x (Scr/0.9)041
Male <80 % (0.993)
»30 GFR = 141 x (Scr/0.9) 2%
x (0.993)As
Statistical analysis

Statistical analysis was performed using SPSS ver-
sion 23.0 (IBM Corp., USA). The normality of data
distribution was tested using Kolmogorov-Smirnov
test. Preliminary analyses were performed to ensure no
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violation of the assumptions of normality, linearity and
homoscedasticity. Categorical data were expressed as
numbers and frequencies. Correlations were obtained
using Pearson’s test for normally distributed variables
and Spearman rank correlation for non-normally dis-
tributed variables. Normally distributed variables were
presented as means * standard deviation and Student’s
t-test for independent samples was used for compar-
isons between two groups. Non-normally distributed
data were expressed as median and interquartile range
and Mann-Whitney U-test was used on comparison
between two groups. Categorical variables were com-
pared using x-test. Univariate and multivariate logistic
regression analyses were used to determine association
between parameters and CKD. The level of statistical
significance was set at p<0.05 (two-sided test).

Results

Characteristics of the study population are present-
ed in Table 1. The mean age of the study population
was 50.61+17.12 years. Only 38.53% of the population
had BMI <25 kg/m? and even 27.7% had BMI >30 kg/
m?. Visceral obesity was detected in 24.15% of study
subjects. Hypertension and diabetes were diagnosed in
55.18% and 12.63%, respectively. More than a quar-
ter of the population (27.7%) were smokers. Women
were older and more women than men were obese
and had hypertension, while more men were current
and ex-smokers in the whole group, as well as in the
subgroup of subjects older than 65 years. Character-
istics of the population older than 65 are shown in
Table 2. The mean age of subjects older than 65 was
72.89+5.44 years. Obesity, visceral obesity, hyperten-
sion and diabetes were diagnosed in 30.31%, 40.77%,
87.46% and 19.86% of study subjects, respectively
(Table 2). There were more obese women than obese
men in older subgroup (37.4% wvs. 17.4%). The overall
prevalence of CKD (eGFR <60 mL/min/1.73 m?) was
8.83% and it was higher in women than in men (9.9%
vs. 6.3%; p<0.001). Albuminuria was found in 8.45%
of subjects without difference between men and wom-
en. The prevalence of CKD was significantly higher in
subjects older than 65 (29.44%), and in this subgroup
more women than men had eGFR <60 mL/min/1.73
m? (30.9% ws. 26.8%; p<0.01). In older subjects, al-
buminuria was more present in men than in women
(13.86% wvs. 11.02%; p<0.001). The prevalence of CKD
defined as eGFR <60 mL/min/1.73 m? increased with

aging both in men and women. A sharp increase in
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Table 1. Demographic and clinical characteristics of the whole group

Parameter Whole group Men Women p

%, (N) 2193 39.3 (860) 60.7 (1333)

Age, years 50.61+17.12 47.58+16.83 50.54+18.45 <0.001
Body weight, kg 78.14+16.43 84.84+15.11 73.38+15.95 <0.001
Body height, cm 168.26+9.78 176.4+7.69 162.99+7.3 <0.001
BMI, kg/m? 27.64+5.43 27.31+4.51 27.67+5.96 0.127
BMI <25,% 38.53 37.72 40.59

BMI 25-30, % 33.7 43.55 29.11 <0.001
BMI =30, % 27.7 25.43 30.31

WC, cm 94.51+13.93 97.19+11.91 92.71£14.99 <0.001
Abdominal obesity, % 24.15 21.98 25.54 <0.001
Systolic blood pressure, mm Hg 138.23+24.57 139.44+22.16 137.32+26.17 0.054
Diastolic blood pressure, mm Hg 82.74+12.73 83.04+12.4 82.29+13.13 0.208
Hypertension, % 55.18 52.21 57.1 <0.001
Diabetes, % 12.63 12.21 12.9 0.681
Current smokers, % 27.7 374 213

Ex-smokers, % 12.73 21.73 6.78 <0.001
Pack/years 15 (5-32) 20 (10-39.5) 6.75 (2.75-20) <0.001
Fasting blood glucose, mmol/L 5.53%1.6 5.54+1.43 5.52+1.69 0.791
Total cholesterol, mmol/L 5.66+1.2 5.65+1.23 5.66x1.2 0.798
HDL cholesterol, mmol/L 1.56+0.38 1.48+0.4 1.61£0.37 0.001
LDL cholesterol , mmol/LL 3.43+1.04 3.46+1.12 3.41£1.0 0.398
Triglycerides, mmol/L 1.59+1.37 1.76+1.80 1.47+0.94 0.001
Serum creatinine, pmol/L 80.41+25.31 92.82+45.63 74.94+34.24 0.001
eGFR CKD-EPI 85.90+19.14 87.72+18.05 84.61+19.36 0.001
CKD prevalence % 8.8 6.3 9.9 0.001
eGFR 290 mL/min/1.73 m? 42.5 47.2 39.5

eGFR 60-89 mL/min/1.73 m? 48.7 45.6 50.6

e((:}I;]I){ j1t;1ig_’§93rﬁL/min/1.73 m? >8 51 6.3

e(C:}I;ll){ Ztgz—gjfr?lL/ min/1.73 m? 2.2 1 2.9

e%llgl?l S1t521—g2e94mL/ min/1.73 m? 0.5 0-6 0.5

GER $15 ol orin/1.78 03 05 02

ACR mg/g 22.02+110.93 24.04+132.65 20.74+94.75 0.001
Albuminuria, % 8.45 8.42 8.49 0.116

BMI = body mass index; WC = waist circumference; HDL = high density lipoprotein; LDL = low density lipoprotein; eGFR= estimated
glomerular filtration rate; CKD-EPI = Chronic Kidney Disease Epidemiology Collaboration equation; CKD = chronic kidney disease;

ACR = albumin-to-creatinine ratio
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Table 2. Demographic and clinical characteristics of subjects older than 65 years

Parameter Whole group Men Women p

%, (N) 574 35.1 (202) 64.2 (372)

Age, years 72.89+5.44 72.86+5.27 74.15+6.11 0.005
Body weight, kg 75.64+14.96 79.45+13.88 72.91+15.49 <0.001
Body height, cm 163.1£9.54 171.86+8.33 158.34+6.69 <0.001
BMI, kg/m? 28.45+5.53 26.95+4.82 29.03+5.78 <0.001
BMI <25,% (n) 34.49 37.6 32.8

BMI 25-30, % (n) 35.19 45 29.8 <0.001
BMI 230, % (n) 30.31 17.4 37.4

WC, cm 99.28+13.7 100.01+11.99 98.41+14.77 0.269
Abdominal obesity, % 40.77 24.75 49.46 <0.001
SBP, mm Hg 155.64+25.62 154.91+23.82 155.26+26.26 0.876
DBP, mm Hg 85.91+13.98 84.48+13.53 86.7+13.94 0.068
Hypertension, % 87.46 82.7 90.1 <0.015
Diabetes, % 19.86 16.83 21.51 0.218
Current smokers, % 8.19 17.82 2.96

Ex-smokers, % 40.07 28.71 1.61 <0.001
Pack years 34.5 (20-70) 40 (21.5-70) 22.5(7.75-60) <0.001
Fasting blood glucose, mmol/L 6.18+2.03 6.17£2.13 6.19+1.98 0.923
Total cholesterol, mmol/L 5.94+1.21 5.69+1.11 6.07£1.24 0.003
HDL cholesterol, mmol/L 1.59+0.43 1.55+0.42 1.62+0.44 0.133
LDL cholesterol , mmol/L 3.6121.03 3.49+0.97 3.67+1.05 0.105
Triglycerides, mmol/L 1.65+0.85 1.48+0.84 1.73+0.84 0.006
Serum creatinine, pmol/L 91.02+59.54 106.84+79.43 82.43+42.99 0.001
eGFR CKD EPI 67.31£16.55 68.94+17.19 66.41+16.16 0.080
CKD prevalence % (n) 29.44 26.8 30.9 0.01
eGFR 290 mL/min/1.73 m? 5.05 7.4 3.8

eGFR 60-89 mI/min/1.73 m? 65.51 65.8 65.3

TR 555 LT3 16.16 198 188

e((:}I;]ID{ ;tg_g:fiL/ min/1.73 m? 749 3 99

e((:}I;‘]}){ Slt;igZe;mL/min/l.73 m? 2.09 2.5 19

e%léll){ i??ilfL/min/l.B m? 0.7 15 0.3

ACR mg/g 40.88+131.71 54.89+184.03 33.84+94.91 0.05
Albuminuria, % 12.02 13.86 11.02 0.001

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; WC = waist circumference; HDL = high density
lipoprotein; LDL = low density lipoprotein; eGFR= estimated glomerular filtration rate; CKD-EPI = Chronic Kidney Disease Epidemi-
ology Collaboration equation; CKD = chronic kidney disease; ACR = albumin-to-creatinine ratio
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Fig. 1. Prevalence of chronic kidney disease defined as estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m’ (A) and albuminuria (B) according to age groups.

Table 3A. Unadjusted associations between demographic or clinical characteristics and presence of chronic kidney disease
(eGFR <60 mL/min/1.73 m’) in the whole group

Parameter

OR (95% CI) p
Age >65 vs. <65 years 22.12 (14.69-33.31) <0.0001
Age 40-65 vs. <40 years 15.36 (2.07-113.82) 0.0075
Hypertension vs. normotension 6.53 (4.22-10.10) <0.0001
Diabetes ws. absence 3.07 (2.18-4.33) <0.0001
ACR >30 mg/g vs. <30 mg/g 5.71 (3.79-8.59) <0.0001
Glucose >7 mmol/L vs. <7 mmol/L 5.49 (3.62-8.31) <0.0001
Abdominal obesity ws. absence 2.05 (1.42-2.95) 0.0001
Triglycerides >2.26 mmol/LL vs. <2.26 mol/L 1.90 (1.27-2.86) 0.002
Age, years 1.15(1.13-1.17) <0.0001
BMI, kg/m? 1.05 (1.02-1.08) 0.0003
WC, cm 1.03 (1.02-1.04) <0.0001
SBP, mm Hg 1.02 (1.01-1.02) <0.0001
Smokers vs. ex- or non-smokers 0.41 (0.25-0.65) 0.0002
Gender, men vs. women 0.67 (0.49-0.92) 0.0138

BMI = body mass index; WC = waist circumference; eGFR= estimated glomerular filtration rate; CKD = chronic kidney disease; ACR =
albumin-to-creatinine ratio; SBP= systolic blood pressure; DBP = diastolic blood pressure
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CKD prevalence began after the sixth decade, being
higher in women than in men (Fig. 1A). Significant
increase in the prevalence of albuminuria was observed
after the seventh decade, being higher in men than in
women (Fig. 1B). Table 3A shows unadjusted associa-
tions between demographic and clinical characteristics
of the subjects and CKD defined as eGFR <60 mL/
min/1.73 m? The strongest predictor factors were age
>65 years (OR 22.12), hypertension (OR 6.53), albu-
minuria (OR 5.71), fasting blood glucose >7 mmol/LL
(OR 5.49), diabetes (OR 3.07), abdominal obesity
(OR 2.05) and non-smoking status (OR 0.41). Ta-
ble 3B shows results of the same analyses for subjects
older than 65. The strongest predictor factors in this
subgroup were albuminuria (OR 2.49), fasting blood
glucose >7 mmol/L (OR 2.43) and age (OR 1.13). On
multivariate analysis, the independent predictor fac-
tors that remained in the model were age (OR 1.13),
female gender (OR 0.60) and diabetes (OR 1.75),
whereas in the subgroup of subjects older than 65 only
age (OR 1.13) was the independent predictor of CKD
(Table 4).

Discussion

To our knowledge, this study is the first epide-
miological survey on the prevalence of CKD using
GFR estimated by CKD-EPI equation in adult Cro-
atian population. The prevalence of CKD found in
our study (8.8%) is in agreement with meta-analyses
of epidemiological studies around the world (7.2%)*.
Recently, Hill ez a/. have reported on the CKD prev-
alence of 10.6% in the sixty-eight populations mea-
suring CKD stages 3 to 5. In this analysis, the CKD
prevalence breakdown by stages was 7.6%, 0.4% and
0.1% for the CKD stage 3, 4 and 5, respectively'. This
is completely in agreement with our results where we
found the prevalence of CKD stages 3,4 and 5 to be
8.0%, 0.5% and 0.3%, respectively. In our cohort, the
prevalence of CKD stages 3-5 was higher in women
than in men (9.9% ws. 7.2%), which is in line with pre-
vious reports. In the systematic analysis of worldwide
population-based data on the global burden of CKD
in 2010, Mills e# al. report on the CKD prevalence to
be higher in women than in men (11.8% ws. 10.4%),

Table 3B. Unadjusted associations between demographic or clinical characteristics and presence of chronic kidney disease

(eGFR <60 mL/min/1.73 m?) in subjects older than 65

Parameter OR (95% CI) p

Age, years 1.13 (1.09-1.18) <0.0001*
DBP, mm Hg 0.99 (0.97-1) 0.0512
ACR >30 mg/g vs. <30 mg/g 2.49 (1.49-4.15) 0.0005*
Glucose >7 mmol/L vs. <7 mmol/L 2.43 (1.47-4.02) 0.0005*
Triglycerides >2.26 mmol/L vs. <2.26 mmol/LL 1.78 (1.05-3.02) 0.0314*
Diabetes vs. absence 2.14 (1.4-3.27) 0.0005*

e¢GFR= estimated glomerular filtration rate; DBP = diastolic blood pressure; ACR = albumin-to-creatinine ratio; OR = odds ratio; 95% CI

= 95% confidence interval; *p<0.05

Table 4. Independent predictors of chronic kidney disease (eGFR <60 mL/min/1.73 m*)

in the multivariate logistic regression model

Parameter OR (95% CI) p
Whole group

Age, years 1.13 (1.1-1.17) <0.0001*
Gender, men vs. women 0.60 (0.31-0.92) 0.01376
Diabetes vs. absence 1.75 (1.01-3.05) 0.0477*
Older than 65 years

Age, years 1.13 (1.09-1.17) <0.0001*
Diabetes ws. absence 1.82 (0.97-3.44) 0.0634

OR = odds ratio; 95% CI = 95% confidence interval; *p<0.05
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with the same pattern observed in the high-income
(9.6% ws. 8.6%) and low- and middle-income coun-
tries (12.5% ws. 10.6%)2. Hills ¢z al. observed the same
results on the higher CKD prevalence in women than
in men globally and when only CKD stages 3-5 were
taken into account (14.6% wvs. 12.8% and 12.1% wvs.
8.1%, respectively)'. The prevalence of CKD increased
with age in our cohort, as also reported by all other
authors™?. In our group, a sharp increase in CKD prev-
alence was observed between the 5% and 6™ decade of
life (2.75% to 14.78%), as shown in Figure 1A. This
rise was recorded both in men and in women (2.01%
to 15.04% and 3.27% to 14.62%, respectively). A sim-
ilar rise, although a decade earlier, was found in the
systematic analyses conducted by Mills e# a/. for both
men and women (3.0% to 9.7% and 4.0% to 13.1%,
respectively)?. There was no difference in CKD preva-
lence between men and women in younger age groups,
but starting from the 7" decade of life, women had a
significantly higher prevalence than men (36.08% ws.
30%). Mills ez al. found that this pattern of age-relat-
ed increase in CKD prevalence in both genders was
consistent in high-income and low- and middle-in-
come countries’. A significant decline in GFR with
aging in apparently healthy individuals was found by
many authors’?%. In healthy individuals aged 70-75
years, kidney contains 500,000 nephrons per kidney
as compared with 1,000,000 nephrons per kidney in
healthy adults aged 18-29 years'. Thus, normal kidney
senescence substantially contributes to GFR decline
with aging. As shown in Table 2, CKD prevalence of
26.7% was found in the age subgroup of subjects old-
er than 65, which is in concordance with the results
from the Spain EPIRCE study (25.8%) and compara-
ble to the reports from other European countries®?’.
In the older subgroup, CKD prevalence was higher in
women than men (30.9% vs. 26.8%). It is acknowl-
edged that high CKD prevalence, which is growing
worldwide, is attributed mostly to the increase in dia-
betes, hypertension and obesity. In the systematic re-
view and meta-analysis, Hill ez 2/. found that the mean
population age, prevalence of diabetes, prevalence of
hypertension but not average BMI or prevalence of
obesity were associated with CKD prevalence'. The
presence of smoking was associated with a decrease
in the prevalence of CKD. In our cohort, univariate
analyses showed albuminuria, fasting blood glucose >7
mmol/L, age and non-smoking status as the strongest
predictors of CKD, while Otero ez a/. found age, obesi-
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ty and previously diagnosed hypertension as the three
independent predictors of CKD*. Difference between
our cohort and others could be explained with differ-
ences in several demographic and clinical characteris-
tics in various study groups. For instance, there were
significantly more hypertensive and diabetic patients
in our group as compared with the Spain cohort®.
However, positive association of age and prevalence of
CKD is common to all studies. Albuminuria is another
marker of kidney damage which is acknowledged as a
risk factor for the progression of CKD and cardiovas-
cular diseases. The overall prevalence of albuminuria in
our cohort was 8.45% with no gender differences, which
is in line with the NHANES report, where the preva-
lence of 9.8% was found in adults aged >40%. Gradual
increase of albuminuria was observed with aging. As
found in the NHANES survey, the prevalence of mi-
croalbuminuria was 4.2%, 4.2% and 13.3% in the 40-49,
50-69 and >70 age groups, respectively. In our cohort,
in the same age groups we observed very similar preva-
lence of microalbuminuria of 3.87%, 4.4% and 13.94%,
respectively. Neither NHANES authors nor we found
difference in the prevalence of albuminuria between
men and women in total. However, NHANES authors
found that there was difference with aging, with women
> men in the 4® decade, men > women in the 5" and 6™
decades, and then becoming equal at the age >70. In our
cohort, as shown in Figure 1B, there was a difference
with women > men in the 6* decade and men > women
in the 7" and 8% decades of life.

Our study had several limitations. The first and
most important one was the use of single measure-
ments for laboratory tests, which prevented us to de-
termine chronicity. According to the KDIGO guide-
line, the functional or structural disorder should last
for >3 months before definition of CKD could be
established. It should be remembered that serum cre-
atinine concentrations are highly variable within in-
dividuals, up to 21% within a 2-week period”. Nev-
ertheless, the majority of studies which were included
in the last systematic reports and meta-analyses had
the same limitation. The same holds true for determi-
nation of albuminuria. However, in our cohort, we in-
cluded only subjects with reliable urine samples, which
was not always the case in other studies. That makes
our results more reliable. Third, we used CKD-EPI
equation in the elderly being aware that this formula
was not validated in this population subgroup. How-
ever, most other authors did the same. Using BIS1
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equation, which is validated in subjects older than 70,
might provide different and probably more accurate
results. This should be taken into account in further
studies. Fourth, this was a sub-national study where
only part of the rural population from inland Croatia
were enrolled. Thus, these data should not be extrapo-
lated to the whole population and nation-wide surveys
on the CKD prevalence in Croatia are warranted. The
strength of our study was a large sample size with a
very good participation rate.

Our results are in agreement with the data pub-
lished by other authors. The prevalence of CKD de-
termined by CKD-EPI equation and using single
creatinine measurement with cut-off eGFR value
<60 mL./min/1.73 m? is high in rural population with
women being affected more than men. As observed by
many authors, we also found older age, hypertension,
diabetes, visceral obesity and non-smoking status as
predictors of CKD. The CKD prevalence increased
with aging in both genders and aging was the most
important independent determinant of CKD. The
question whether and when decreased eGFR in the
elderly could be considered a disease and when this
is only a biomarker of healthy aging is to be answered
by further studies. Nevertheless, decreased GFR in the
elderly should be considered a risk factor for contrast
induced nephropathy and must be taken into account
for proper drug dosing. However, for correct diag-
nosing of CKD and more precise estimation of CKD
prevalence, we might use various equations in differ-
ent subpopulations (for instance, BIS equations for
the elderly), and/or as suggested by Delanaye ez al., we
should start using age-adapted definition of CKID**!.
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Sazetak
KRONICNA BUBREZNA BOLEST KOD SEOSKOG STANOVNISTVA

M. Domislovié, V. Domislovié, R. Stevanovié, M. Fuéek, 7. Dika, S. Karanovié, J- Kos, A. Jelakovic, V. PremuZic,
N. Leko, J. Josipovic, I. Brzic, T! Zeljkafz;ic’ Vikic, K. Capaki B. Jelakovic

Cilj ove studije bio je istraziti ucestalost kroni¢ne bubrezne bolesti (KBB) kod seoskog stanovnistva i analizirati pov-
ezanost s ¢imbenicima kardiovaskularnoga rizika i starenjem. U studiju je bilo uklju¢eno 2193 ispitanika (1333 Zena, 860
muskaraca, srednja dob 50,61+17,12 godina). Svi ispitanici su ispunili opseZan upitnik i klinicki su pregledani. Uzet im je
uzorak krvi nataste i drugi jutarnji uzorak mokrace. Procijenjena stopa glomerularne filtracije (¢GFR) utvrdena je pomoéu
jednadzbe CKD-EPI. Ispitanici su klasificirani prema smjernicama KDIGO. Sveukupna ucestalost KBB (eGFR <60 mL/
min/1,73 m?) bila je 8,83% (Zene prema muskarcima 9,9% prema 6,3%; p<0,001). Albuminurija je potvrdena (omjer albu-
mina i kreatinina (ACR) >30 mg/g) u 8,45% ispitanika bez razlike medu spolovima. Ucestalost KBB bila je znacajno veca
kod ispitanika starijih od 65 godina u oba spola (29,44%; Zene prema muskarcima 30,9% prema 26,6%; p<0,01). Najjaci
prediktorski ¢imbenici za KBB bili su dob >65 godina (OR 22,12), hipertenzija (OR 6,53), albuminurija (OR 5,71), glukoza
u krvi nataste >7 mmol/L (OR 5,49), dijabetes (OR 3,07), trbusna pretilost (OR 2,05) i nepusenje (OR 0,41). U multivar-
ijatnoj analizi (OR 1,13) su Zenski spol (OR 0,60) i dijabetes (OR 1,75) bili nezavisni prediktorski ¢imbenici za KBB. U
zakljucku, ucestalost KBB je velika u ruralnoj populaciji. U oba spola eGFR se znac¢ajno smanjila starenjem, koje se pokazalo
kao znacajan nezavisni prediktor za KBB.

Kljuéne rije¢i: Kronicna bubrezna bolest; Ucestalost; Starenje; Albuminurija; Epidemiologija
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