
J Med Biochem 2017; 36 (2) DOI: 10.1515/jomb-2017-0006

UDK 577.1 : 61                                                  ISSN 1452-8258

J Med Biochem 36: 153–162, 2017 Original paper
Originalni nau~ni rad

SCREENING FOR CHRONIC KIDNEY DISEASE IN ADULT MALES 
IN VOJVODINA: A CROSS-SECTIONAL STUDY

SKRINING HRONI^NIH BUBRE@NIH BOLESTI KOD ODRASLIH MU[KARACA 
U VOJVODINI: STUDIJA PRESEKA

Velibor ^abarkapa1,2, Branislava Ilin~i}1,2, Mirjana \eri}1,2, Isidora Radosavki}2, 
Mirko [ipovac3, Jan Sudji3, Veljko Petrovi}4

1Department of Pathophysiology and Laboratory Medicine, Faculty of Medicine, 
University of Novi Sad, Novi Sad, Serbia

2Center for Laboratory Medicine, Clinical Center of Vojvodina, Novi Sad, Serbia
3Institute of Occupational Health, Novi Sad, Serbia

4Department of Computing and Control Engineering, Faculty of Technical Sciences, 
University of Novi Sad, Novi Sad, Serbia

Address for correspondence:
Velibor ^abarkapa
Department of Pathophysiology and Laboratory Medicine,
Faculty of Medicine, University of Novi Sad
Hajduk Veljkova 3, 21000 Novi Sad, Serbia
Phone: +38121-484-3475
Fax: +38121-529-148
e-mail: velibor.cabarkapaªmf.uns.ac.rs

Kratak sadr`aj

Uvod: Hroni~ne bolesti bubrega (HBB) jedan su od naj zna -
~aj nijih zdravstvenih problema {irom sveta, s obzirom na
stalan porast broja obolelih, kao i zbog toga {to su pra}ene
brojnim komplikacijama. U odnosu na odmakle stadijume,
u po~etnim je broj obolelih vi{estruko ve}i a tok je uglav -
nom asimptomatski, te je od presudnog zna~aja pravovre-
meno otkriva nje HBB. Cilj je bio ispitivanje prevalence HBB
u op{toj populaciji odraslih mu{karaca u Vojvodini, na
osnovu procenjene ja~ine glomerulske filtracije (eJGF) i
odnosa albumin/kreatinin u urinu (ACR), kao i ispitivanje
determinanti HBB i svesnosti o postojanju HBB. 
Metode: U ovu studiju preseka uklju~eno je 3060 mu{kih
ispitanika iz op{te populacije, starijih od 18 godina, kod
kojih je vr{eno izra~unavanje eJGF i ACR, pregled prvog
jutar njeg urina, merenje arterijskog krvnog pritiska, kao i
izra~unavanje indeksa telesne mase. Standardnim biohe -
mijskim metodama odre|ivane su serumske koncentracije
kreatinina, uree, mokra}ne kiseline i glukoze, kao i nivo
albumina i kreatinina u urinu. 
Rezultati: U populaciji odraslih mu{karaca zastupljenost
HBB iznosi 7,9% i najvi{a je kod starijih od 65 godina
(46,7%), dok u ostalim starosnim grupama iznosi

Summary 

Background: Chronic kidney disease (CKD) is one of the
most significant global health problems accompanied by
numerous complicatons, with constant increase in the num-
ber of affected people. This number is much higher in early
phases of disease and patients are mostly asymptomatic, so
early detection of CKD is crucial. The aim was examination
of the prevalence of CKD in the general population of males
in Vojvodina, based on estimated glomerular filtration rate
(eGFR) and urine albumin/creatinine ratio (ACR), and
exploring the determinants and awareness of CKD. 
Methods: This cross-sectional study included 3060 male
examinees from the general population, over 18 years of
age, whose eGFR and ACR were calculated, first morning
urine specimen examined, arterial blood pressure measured
and body mass index calculated. Standard biochemistry
methods determined creatinine, urea, uric acid and glucose
serum concentrations as well as albumin and creatinine
urine levels. 
Results: Prevalence of CKD in the adult male population is
7.9%, highest in men over 65 years of age (46.7%), while in
the other age groups it is 3.6−12.6%. The largest number
of examinees with a positive CKD marker suffer from arterial

List of abbreviations: CKD – chronic kidney disease; ACR –
albumin/creatinine ratio in urine; eGFR – estimated
glomerular filtration rate; CVD – cardiovascular disease;
ESRD – end stage renal disease; DM – diabetes mellitus;
HTA – arterial hypertension; BMI – body mass index; FBG –
fasting blood glucose; SBP – systolic blood pressure; DBP –
diastolic blood pressure.
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Introduction

Chronic kidney disease (CKD) is defined as
abnormality of kidney structure or function, present
for ≥ 3 months with implications for health (1).
Abnormalities of kidney structure or function include:
pathological findings in urine sediment (erythrocy-
turia, leukocyturia, cylindruria), pathological albumin-
uria (≥ 30 mg/24 h or urinary albumin-creatinine
ratio (ACR) ≥ 3 mg/mmoL), electrolytic disbalance
and other abnormalities caused by tubular defects,
histo pathological damages, structural damages
detected by visual inspection, history of kidney
transplantation and/or glomerulus filtration rate
(GFR) < 60 mL/min/1.73 m2. Chronic kidney dis-
ease is divided into 5 stages based on the GFR level
and albuminuria or ACR (1).

Number of CKD patients is constantly increasing
and epidemiologic data is mostly related to late
stages of the disease (2). Although the number of
patients treated by the renal replacement modality
exceeds 2 million, it is thought that the number of
patients in the early CKD stages (first three stages) is
more than ten times larger (3, 4). One of the main
problems in the detection of these patients is the lack
of symptoms (5). Aside from its high prevelance and
long asymptomatic course, CKD is relevant since it is
accompanied by very high cardiovascular comorbidity
and mortality (6). More than 50% of CKD patients die
from cardiovascular diseases (CVD) before the
beginning of treatment with one of the methods for
renal function replacement, that is, the risk of CVD in
these patients is higher than the risk of progression to
end-stage renal disease (ESRD) (7). 

According to the 2016 European Guidelines on
CVD prevention, individuals with moderate CKD
(GFR 30–59 mL/min/1.73 m2) and severe CKD
(GFR <30 mL/min/1.73 m2) are high-risk and very
high-risk categories, respectively (8). Individuals at
highest risk gain most from preventive efforts.  Con -
sequently, it is clear that early CKD de tection is of
utmost importance and one of the ways to achieve it
is by using suitable laboratory tests.

Among the most common causes of CKD and
progression to ESRD are diabetes mellitus (DM) (33%
of adult CKD cases) and arterial hypertension (HTA)

(21% of adult CKD cases) (9, 10). The reason is a
constant rise in the number of these patients which is
»a medical catastrophe of world-wide dimensions«
(11). 

Prevalence of CKD in Europe is from 3.3% in
Norway up to 17.3% in North Germany, 8.9% in
Brazil, 12.9% in Japan, 13.1% in North America, 16%
in Australia and 17.2% in India (12−17). For the
population on the territory of Serbia data is scarce
and mostly related to reports on the number of
patients treated by one of the renal replacement
modalities. The only published study on CKD screen -
ing was done in 2012 on HTA and DM patients, as
well as patients over 60 years of age (18). However,
as far as we know, studies on the prevalence of CKD
in the general population on the territory of Serbia
have never been published. The aim of this study is to
examine the prevalence of CKD in the general popu-
lation of adult males in Vojvodina–Northern Serbia,
based on eGFR (mL/min/1.73 m2) and ACR
(mg/mmol), and to explore the determinants and
awareness of CKD.

Material and Methods

Study group

This cross-sectional study included 3060 male
examinees from the general population, over 18 years
of age, from the Vojvodina–Northern Serbia region,
who undertook a physical examination at The
Workers Health Care Center in Novi Sad in the period
from January to June 2015. The study was conduct-
ed according to the principles of the Helsinki
Declaration and approved by the Ethics Committee of
The Workers Health Care Center. Informed consent
for participating in the study was obtained from all
participants prior to inclusion in the study.

All the examinees filled in a questionnaire con-
sisting of personal and family health history (kidney
diseases, HTA, DM, CVD (myocardial infarction,
stroke)), and lifestyle (smoking). All the examinees
were examined by a doctor, specialist in occupational
medicine, and their medical records were used as
required by the study. Furthermore, as required by the
study, only current smokers were defined as smokers

hypertension (HTA) and diabetes mellitus (DM). Only 1.3% of
examinees with eGFR<60 ml/min/1.73 m2 and/or ACR≥ 3
mg/mmol had been aware of positive CKD biomarkers. 
Conclusions: Obtained results show the prevalence of CKD
in adult males is 7.9%, HTA and DM are the most important
CKD risk factors and the level of CKD awareness is extreme-
ly low (1.3%) indicating the necessity for introduction of early
stage disease recognition measures, including raising CKD
awareness.

Keywords: chronic kidney disease, prevalence, risk fac-
tors, screening

3,6−12,6%. Najve}i broj ispitanika sa pozitivnim markeri-
ma HBB boluje od hipertenzije i dijabetes melitusa. Samo je
1,3% ispitanika sa eJGF<60 ml/mi/1,73 m2 i/ili ACR≥ 3
mg/mmol znalo da ima pozitivne biomarkere HBB. 
Zaklju~ak: Dobijeni rezultati ukazuju da prevalenca HBB kod
odraslih mu{karaca u Vojvodini iznosi 7,9%, da su HTA i DM
najzna~ajniji faktori rizika za HBB, te da je izrazito niska svest
o postojanju HBB (1,3%), {to ukazuje na neophodnost pre-
duzimanja mera za prepoznavanje bolesti u ranom stadijumu,
uklju~uju}i i podizanje svesti o HBB.

Klju~ne re~i: hroni~na bolest bubrega, prevalenca, fak-
tor rizika, skrining
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and everyone else was defined as non-smokers.
Additionally, for the calculation of body mass index
(BMI (kg/m2)) the examinees’ height and mass were
measured. Depending on their BMI, the examinees
were put into three categories: normal-weight
(BMI<25 kg/m2), overweight (25≤BMI<30 kg/m2)
and obese (BMI>30 kg/m2). All the examinees had
their blood pressure measured with the Riva Rocci
method, three times on the left arm in a sitting posi-
tion, and the measure of central tendency of the last
two measurements was used for defining the final
value of systolic and diastolic blood pressure (SBP and
DBP) (19).

Hypertension was defined based on prior diag-
nosis, that is, the use of antihypertensive therapy, and
the examinees with SBP≥140 mmHg and/or
DBP≥90 mmHg were assigned to survey high blood
pressure category. The examinees with prior diagno-
sis of DM, that is, the examinees using hypoglycemic
therapy were assigned to diabetes patients category
and the examinees with fasting blood glucose (FBG)
≥7 mmol/L to survey DM category. The examinees
with acute inflammation diseases or malignity were
not included in the study. 

Laboratory parameters

All the examinees had their urine and blood
analyzed. Blood and urine samples were analyzed on
the same day, immediately after sampling. First void-
ed urine testing was performed by one experienced
laboratory technician. The chemical analysis (protein-
uria, glycosuria, hematuria) with Acon commercial
test strips (Acon Laboratories Inc., USA) was per-
formed, as well as microscopic examination of urine
sediment (leukocyturia, erythrocyturia, cylindruria).
Proteinuria, hematuria, and glycosuria were defined
when dipstick analysis quantified them as 1+ or
more, leukocyturia when 8+ or more leukocytes were
present per high-power field, erythrocyturia when 3+
or more erythrocytes were present per high-power
field and cylindruria when there was a presence of
casts in urine sediment. The same urine sample was
used for determining albumin level (immunoturbidi-
metric method on a biochemistry analyzer ADVIA
1800 commercial systems Siemens Healthcare
Diagnostics Inc., Germany) and creatinine (Jaffe’s
kinetic method). ACR (mg/mmol) was calculated
from the received values. The examinees with ACR
greater than 3 mg/mmol were defined as having
albuminuria (1), and those with the value of ACR
greater than 30 mg/mmol were defined as having
severe albuminuria. The same biochemistry analyzer
was used to determine serum creatinine level with the
same method as for urine creatinine, as well as serum
glucose concentration with the enzymatic hexokinase
method. Estimated glomerular filtration rate (eGFR)
(ml/min/1.73 m2) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation (20). CKD is defined according to the
guideline (1), when there is eGFR<60 mL/min/1.73
m2 or when there is eGFR>60 mL/min/1.73 m2 and
there is a presence of albuminuria > 30 mg/24h or
ACR>3 mg/mmol. 

Statistical analysis

Data was statistically analyzed using statistical
software STATISTICA 14 (StatSoft Inc., Tulsa, OK,
USA) and is presented graphically and in tabular pres-
entation. Descriptive statistics, including median,
arithmetic mean, and standard deviation (SD) were
used to describe the studied parameters. Differences
in distributions of individual parameters between
study groups were analyzed using the parametric
Student’s t-test, or the nonparametric Mann-Whitney
test in case a distribution showed a significant devia-
tion, while Chi-square test was used for categorical
data. Value of p<0.05 was considered statistically sig-
nificant. Multiple regression analysis was used to form
a model for predicting disease indicators.

Results

Table I shows some basic characteristics of the
examinees. Prevalence of CKD in the adult male pop-
ulation is 7.9%. The percentage of the examinees
with CKD increases with older age and it is highest in
the examinees over 65 years of age (46.7%), while in
other age groups it is between 3.6% and 12.6%. Only
1.3% of the examinees with eGFR<60 ml/min/1.73
m2 and/or ACR≥3 mg/mmol were aware of having
po sitive CKD biomarkers.

The prevalence of the examinees with diag-
nosed HTA is 22.4% and as many as 31.5% of the
examinees, who had not been diagnosed with HTA,
had elevated SBP and/or DBP during the examina-
tion. Sixteen point two percent of the examinees with
diagnosed HTA had positive CKD markers (eGFR<60
mL/min/1.73 m2 and/or ACR≥3 mg/mmol) as well
as 6.5% with survey high blood pressure. The preva-
lence of the examinees with diagnosed DM is 4.1%
and there was 5.1% of the examinees with survey
FBG≥7 mmol/L without previous DM diagnosis.
Positive CKD markers were present in 22.4% of the
examinees with DM and 19.1% of the examinees with
survey FBG≥7 mmol/L. Sixty one percent of the
examinees with DM also has HTA.

Approximately one-fifth of the examinees
(21.4%) are obese and 44% is overweight. Positive
CKD markers are present in 9.6% of the examinees
with normal weight, 5% of overweight examinees and
9.6% of obese examinees (p>0.05). Percentage of
adult males who currently smoke was 40.6%. There
was no significant difference in CKD prevalence
between smoking and non-smoking (6.7% vs. 8.4%,
p>0.05). The examinees with positive CVD history
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Table I Characteristics of participants.

CKD participants

Participants N (%) Mean ± SD ACR≥3
mg/mmol

alone N (%)

eGFR<60
mL/min/1.73 m2

alone
N (%)  

Both
N (%)

Total
N (%)

Total 3060
(100)

−
180 (5.9) 42 (1.4)

17 
(0.6) 239 (7.9)

Age (years) 40.8±11.8

18−25 298 (9.8) 22.4±2.0 17 (5.7) 0 1 (0.3) 18 (6)

26−35 795 (25.9) 30.6±2.8 26 (3.5) 0 1 (0.1) 27 (3.6)

36−45 772 (25.2) 40.4±2.8 34 (4.4) 1 (0.1) 1 (0.1) 36 (0.2)

46−55 716 (23.4) 50.4±2.8 52 (7.3) 4 (0.6) 4 (0.6) 60 (8.5)

56−65 370 (12.1) 59.9±3.2 32 (8.6) 11 (2.9) 4 (1.1) 47 (12.6)

>65 109 (3.4) 73.0±5.4 19 (17.4) 26 (23.8) 6 (5.5) 51 (47.7)

Hypertension*

Yes, diagnosed 669 (22.4) − 73 (10.9) 24 (3.6) 11 (1.7) 108 (16.2)

Survey high 
SBP or DBP

940 
(31.5)

− 47 (5.0) 12 (1.3) 2 (0.2) 61 (6.5)

No 1375 (46.1) − 35 (2.5) 4 (0.3) 3 (0.2) 42 (3)

DM

Yes, diagnosed 125 (4.1) − 25 (20) 2 (1.6) 1 (0.8) 28 (31.4)

With hypertension 75
(60) − 15

(20)
1

(1.3)
1

(1.3)
16

(21.6)

Without hypertension 50
(40) − 10

(20)
1

(2) 0 11
(22)

Survey FBG ≥7 mmol/L 157 (5.1) − 14 (8.9) 13 (8.3) 3 (1.9) 30 (19.1)

No 2778 (81.8) − 0 0 0 0

BMI (kg/m2) 27.2±4.0

<25 1059 (34.6) 22.9±1.7 64 (6.1) 26 (2.5) 11 (1.0) 101 (9.6)

25–29.99 1348 (44.0) 27.2±1.4 57 (4.2) 11 (0.3) 6 (0.5) 74 (5)

≥ 30 653 (21.4) 33.5±2.6 59 (9.0) 5 (0.7) 0 64 (9.7)

Current smoking

Yes 1244 (40.6) − 68 (5.5) 5 (0.4) 10 (0.8) 83 (6.7)

No 1816 (59.4) − 114 (6.3) 20 (1.1) 19 (1.0) 153 (8.4)

Cardiovascular disease

Yes 25 (0.8) − 6 (24) 2 (8) 2 (8) 10 (40)

No 3035 (99.2) − 176 (5.8) 23 (0.8) 15 (0.5) 214 (7.1)

Positive family history for

Kidney disease 15 (0.5) − 2 (13.4) 0 (0) 3 (20) 5 (30.4)

Hypertension 220 (7.2) − 15 (6.8) 4 (1.8) 2 (0.9) 21 (9.5)

DM 278 (9.1) − 17 (6.1) 0 (0) 1 (0.3) 18 (6.4)

Cardiovascular disease 251 (8.2) − 2 (0.8) 16 (6.4) 0 (0) 18 (7.2)

Legend: Cardiovascular disease − stroke or ischemic heart disease, DM − diabetes mellitus, ACR − urine albumin/creatinine
ratio, BMI − body mass index, FBG − fasting blood glucose, SBP − systolic blood pressure, DBP − diastolic blood pressure, *with-
out diagnosed DM.
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(ischemic heart disease or stroke), 0.8% of the exam-
inees had significantly higher CKD prevalence in
comparison with the examinees with negative CVD
history (40% vs. 7.3%, p<0.01).

One-third of the examinees with positive family
history (PFH) for kidney disease has CKD, that is,
9.5% with PFH for HTA, 6.4% with PFH for DM and
7.2 with PHF for CVD.

In the examinees with eGFR>90 mL/min/1.73
m2 and ACR<3 mg/mmol, with no abnormalities
detected in first morning urine sample, without diag-
nosed kidney diseases, HTA, DM, CVD, with negative
family history of kidney diseases, the ACR level was
(median, lower-upper quartile): 0.44 (0.28−0.77)
mg/mmol. 

Figure 1 shows the prevalence of pathological
findings in chemical (proteinuria) and microscopic

Figure 1 The pathological findings in urine sediment (erythrocyturia, leukocyturia, cylindruria) and chemical examination of
urine (proteinuria) in all subjects.

Figure 2 Estimated glomerular filtration rate (eGFR (mL/min/1.73 m2)) distribution in all subjects.
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Figure 3 Urine albumin/creatinine ratio (ACR (mg/mmol)) distribution according to estimated glomerular filtration rate (eGFR
(mL/min/1.73 m2)) values in all subjects.

Table II Characteristics of subjects with diabetes mellitus, hypertension, and survey fasting blood glucose level ≥ 7 mmol/L and
high systolic (≥140 mmHg) and/or diastolic (≥90 mmHg) blood pressure.

Subjects Diagnosed DM* Survey FBG≥7
mmol/L

Diagnosed  HTA Survey high SBP
and/or DBP

Total number (%) 125 (4.1) 157 (5.1) 669 (21.9) 940 (30.7)

Age (mean ± SD, years) 54.6±10.1 54.1±12.3 51.2±11.1 41.3±12.5

FBG (mean ± SD, mmol/L) 9.7±3.3 8.3±1.7 5.9±1.2 5.5±0.9

BMI (mean ± SD, kg/m2) 27.8±4.7 27.3±4.5 28.4±4.5 27.3±3.9

BMI (kg/m2) 
<25 (N, %)
25–29.99 (N, %) 
≥ 30 (N, %)

45 (36.0) 
38 (30.4) 
42 (33.6)

58 (37.1) 
53 (33.7) 
46 (29.2)

165 (24.6) 
276 (41.1) 
228 (34.3)

268 (28.5) 
458 (48.7) 
214 (22.8)

BP (mean ± SD, mmHg) 
Systolic 
Diastolic

151.6±21.7
92.2±11.5

150.6±21.5
92.8±11.6

156.6±20.1
98.4±11.6

143.3±11.2
90.7±7.3

Subjects treated with ACEi (N,%) 34.4 (43) − 31.4 (210) −

Subjects treated with AT1 receptor 
antagonist (N,%) 10.4 (13) − 11.5 (77) −

Current smokers (N, %) 45 (36) 50 (31.8) 226 (33.9) 389 (41.4)

eGFR (mL/min/1.73 m2) (N,%): 
>90  
60–89  
<60

52 (41.6) 
70 (56.0) 

3 (2.4)

43 (27.4) 
98 (62.4) 
16 (10.2)

254 (38.1) 
380 (56.8) 

34 (5.1)

556 (59.1) 
370 (39.4) 

14 (1.5)

Subjects with (N,%): 
ACR≥3 mg/mmol 
Proteinuria 
Glycosuria 
Erythrocyturia

26 (20.8) 
15 (12.0) 
31 (24.8) 
27 (21.6)

17 (10.8) 
16 (11.2) 
18 (11.5) 
35 (22.3)

84 (12.6) 
53 (7.9) 
6 (0.9) 

159 (23.9)

49 (5.2) 
48 (5.1) 
10 (1.1) 

176 (18.7)

Legend: *with and without HTA, FBG – fasting blood glucose, BP − blood pressure, BMI − body mass index, ACEI − angiotensin
convertase inhibitors, AT1 − angiotensin receptors type 1, ACR − albumin/creatinine ratio, eGFR − estimated glomerular filtra-
tion rate.



(erythrocyturia, leukocyturia, cylindruria) examination
of first morning urine sample. Erythrocyturia is pres-
ent in 28% of the examinees, leukocyturia in 9.7%,
cylindruria in 0.8% and protenuria in 5.9%. In the
examinees with ACR>3 mg/mmol, pathological find-
ings of first morning urine sample examination were
present in 59.9%.

Figures 2 and 3 show the distribution of the
examinees according to the eGFR values, as well as
distribution of ACR values according to the eGFR val-
ues in all the examinees. Estimated GFR<60
mL/min/1.73 m2 is present in 1.9% of the exami-
nees. ACR≥3 mg/mmol is present in 12.5% of the
examinees with eGFR≥60 mL/min/1.73 m2. ACR≥
3 mg/mmol is present in 40.6% of the examinees
with eGFR<60 mL/min/1.73 m2, where half of the
examinees have ACR>30 mg/mmol. 

The examinees with positive CKD biomarkers
when compared to other examinees had significantly
higher serum creatinine concentration (99.0±28.9
mmol/L vs. 89.1±9.1, p<0.01), urea (6.6±4.95 vs.
5.6±2.2 mmol/L, p<0.01) and uric acid (290.5±
74.7 vs. 268.0±62.2 mmol/L, p<0.05). 

Table II shows the characteristics of subjects with
DM, HTA, and survey FBG≥7 mmol/L and high SBP
(≥140 mmHg) and/or DBP (≥90 mmHg). CKD
prevalence in the examinees with diagnosed DM is
22.4%, in examinees with survey FBG≥7 mmol/L it
is 19.1%, in the examinees with diagnosed HTA
16.7% and in survey high SBP and/or DBP 6.5%.
Multiple regression analysis identified age (b=-0.551,
p<0.001) and smoking (b=0.270, p<0.001) as the
most significant predictors of eGFR. 

Discussion

This cross-sectional study of CKD prevalence in
the male adult population on the territory of Northern
Serbia found CKD presence in 7.9% of the exami-
nees. Only 1.9% of men have eGFR < 60 mL/min/
1.73 m2, but when ACR ≥ 3 mg/mmol is introduced
as a diagnostic criterion, the prevalence increases to
7.9%. Out of the examinees with ACR ≥ 3 mg/mmol,
ACR > 30 mg/mmol was present in 20% of the
examinees with eGFR < 60 mL/min/1.73 m2, in
3.7% of the examinees with eGFR 60−89.9
mL/min/1.73 m2 and in 0.8% of the examinees with
eGFR ≥ 90 mL/min/1.73 m2. 

CKD prevalence significantly varies in European
countries, from 3.3 to 17.7% and it is higher in the
southern than in the northern parts of Europe (14,
19). These variations result from not only increase in
the number of DM, HTA and obesity patients, but
also from other factors such as nutrition, public health
service organization, genetic factors, heterogeneity of
laboratory methods, study population heterogeneity,
etc. (14). Furthermore, nutrition differences can have

a different impact on CKD prevalence, due to its influ-
ence on blood creatinine level (protein rich diet), as
well as the renal protective or renal damaging effect
of certain micros and macronutrients (21, 22). Well-
organized public health service can have an impor-
tant influence on decreased CKD prevalence (23). In
applied methodology, there are still inter-laboratory
variations, although in most studies the methodology
of determining serum creatinine and albumin levels is
similar (24).

CKD prevalence varies by gender, where CKD
prevalence is higher in women, which could, along
with different smoking prevalence, alcohol use, car-
diovascular diseases and different hormone metabo-
lism, glomerular hemodynamics, probably be
explained by insufficient validity of the estimated GFR
formula in the female population (17, 19, 25–28).
Furthermore, CKD prevalence significantly in creases
with age, and in this study it is significantly higher
(p<0.001) in the over 65 age group (46.7%) in com-
parison to other groups: it was 3.6–8.5% in 18−55
age group and 12.6% in 56−65 age group. In this
and other studies age is a prominent independent risk
factor for CKD, in men and women, where people
over 65 years of age have significantly higher risk of
CKD development compared to those below 65 years
of age (19, 25). Specifically, the risk of CKD and albu-
minuria increases 1.5 times with every 10 years of life,
and thus a decrease in GFR with aging cannot be con-
sidered as completely normal physiology (18, 29).

There was 21.4% of obese examinees in the
general population in this study and 44% of over-
weight ones. In the European and USA studies the
results show similar prevalence of obese (22.3−26.1%)
and overweight examinees (33.1−39.4%), while in
India the prevalence of obese (11.7%) and overweight
(26.4%) examinees is significantly lower in comparison
to other countries (13, 15, 25, 27, 29). Although
studies state obesity as a CKD risk factor in the ge neral
population, specifically in the male population, this
study has not shown significant CKD prevalence (9.6
vs. 5 vs. 9.7%, respectively, p>0.05) between groups
of examinees with BMI <25, 25−29.9, and ≥30
kg/m2 (19, 25, 30). The results of other studies state
higher CKD prevalence among obese (16.6−31.7%)
and overweight (31.6−40.0%) examinees in compar-
ison to healthy weight subjects (15, 26, 29). However,
for all the stated facts, the study shows that in patients
with advanced CKD, higher BMI is combined with
small risk of all-cause mortality, which could indicate
domination of protective nutrition effect relative to
adverse metabolic effects of obesity (30).

Some studies indicate that smoking is associat-
ed with development of albuminuria and consequent
progression of kidney disease, while other studies did
not find association between smoking and decreased
GFR or appearance of albuminuria (19, 31, 32). We
found that 40.1% of the male population are smok-
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ers, which is a significantly higher prevalence than in
other studies where it is 13.1–29.1%, and it is higher
in the male population than in the female one
(19.26−28.32). Although this study indicated smok-
ing as an independent indicator of decreased eGFR,
there were no significant differences in CKD preva-
lence between smokers and nonsmokers (6.7 vs.
8.4%, p>0.05).

Diabetes mellitus and HTA are the most impor-
tant risk factors for CKD (13, 15, 19, 32). In this
study, 21.9% of the examinees had previously diag-
nosed HTA and another 30.7% survey high SBP
or/and DBP, while 4.1% had previously diagnosed DM
and another 5.1% survey FBG ≥ 7 mmol/L. CKD
prevalence in the examinees with diagnosed DM was
22.4%, in survey FBG ≥7 mmol/L examinees 19.1%.
In the examinees with diagnosed HTA, CKD preva-
lence was 16.2%, and in survey high SBP and/or DBP
it was 6.5%. This difference in CKD prevalence in the
examinees with diagnosed HTA and survey high
blood pressure examinees could be explained by the
fact that their blood pressure was measured only
once, during the examination, which is not enough to
make an HTA diagnosis.

Diabetes mellitus and HTA prevalence vary
around the world. Diabetes mellitus prevalence in the
general population is 6.7−7.4% in Poland, England
and the USA, up to 10.8% in Spain and 18.8% in
India, and HTA prevalence is 27.1−34.1% in the
USA, Poland and England and up to 42.4−43.1% in
Spain and India (13, 15, 27, 29). In Serbia, the study
by Marinkovic et al. (33) indicated HTA prevalence of
53%, where 20.1% of the examinees had previously
diagnosed HTA and another 32.4% of the examinees
had survey high SBP and/or DBP. Somewhat higher
HTA prevalence was found in female examinees.

In the only published study in Serbia for early
detection of CKD in patients with HTA and DM, over
60 years of age, eGFR<60 mL/min/1.73 m2 was
present in 15−23% of the examinees and micro -
albuminuria was present in 17−41% of the exami-
nees, depending on the group (18). Another study, in
which DM and HTA were independently associated
with increased risk of CKD, suggested that CKD
prevalence in DM patients is 7.1−41.5% (14, 17, 25,
26, 34, 35), and in HTA patients 12.6−34.5% (13,
14, 17, 19, 26, 29, 34, 36). We found that out of the
examinees with CKD, 55% have HTA (43.3%) and
DM (11.7%). Studies indicate different HTA and DM
prevalence in CKD patients, from surprisingly low
27.7% in Canada, to extremely high 86.3% in Poland
(67.8% HTA and 18.5% DM), and 96.1% in India
(64.5% HTA and 31.6% DM) and England (74.2%
HTA and 21.9% DM) (15, 26, 27, 29).

Zero point eight percent of the examinees in this
study had a history of CVD, which is surprisingly low
taking into consideration the life habits and type of
nutrition in this region and is also lower than indicated
in other studies (2.6−6.8%) (17, 25, 34). However,

we found that this group of examinees had signifi-
cantly higher CKD prevalence compared to the group
with negative history of CVD (40 vs. 6.9 %,
p<0.001), which is somewhat higher prevalence
than in other studies (21.5−23.9%) (17, 34).

The CKD awareness is one of the significant fac-
tors for individual prevention of kidney disease pro-
gression and reduction of damaging effects of CKD
(37). In this study, only 1.3% of the examinees, with
eGFR<60 mL/min/1.73 m2 and/or ACR≥3 mg/mmol,
had CKD awareness. It is the lowest value in compari-
son to other studies which state that this percentage
is 1.9−22.8% (13, 15, 26, 34). The results of the
studies indicate that low level of general education,
low income, as well as age, are independently associ-
ated with low CKD awareness (38). Considering low
CKD awareness level of the examinees in this study,
as well as in most other studies, in order to timely rec-
ognize and diagnose CKD, it is important not only to
raise the awareness level in the general population,
but also to educate medical staff at the primary
healthcare protection level.

This study had some limitations. Firstly, since this
is a cross-sectional study, CKD markers were assessed
only once which could have overestimated CKD preva-
lence in the population of the examinees. Further -
more, the prediction equation formula to estimate
GFR calculated from serum creatinine was used.
Secondly, the study included only male examinees.
Primarily, it had been planned to include all patients
who undertook a physical examination at The Workers
Health Care Center in the period from January to June
2015. However, most of the patients were men
(88.5%) and due to this gender discrepancy, the results
of female population are not presented in this study.

Conclusion

The present paper presents the results of
screening for CKD in adult men carried out in
Northern Serbia. CKD prevalence is 7.9%, and the
awareness of 1.3% is the lowest ever reported. The
most important CKD contributing factors in this pop-
ulation are HTA and DM. Considering the obtained
results, it can be concluded that it is necessary to
introduce measures to raise the awareness level of
CKD, particularly among health workers, in order to
recognize early stage kidney function impairment
which can result in ESRD.
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