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ABSTRACT: Zinc plays an essential role in many enzymatic systems, cell division processes, DNA - 
protein synthesis, in immune system functioning, in metabolism regulation of carbohydrates, lipids and 
proteins: it also has anti-inflammatory and antioxidant effects. There are very few studies which have 
explored zinc status in general population, so the objective of this study was to examine the zinc 
status in general adult population in northern Serbia (Province of Vojvodina). 5025 examinees older 
than 18 years of age have been included in this research (4214 males and 811 females). 
Anthropometric measurements have been taken from all examinees (body weight and height, body 
mass index, waist circumference), systolic and diastolic blood pressure; laboratory parameters have 
been taken by the standard laboratory methods (complete blood count test, total cholesterol, 
triglycerides, HDL – cholesterol, glucose, creatinine) while the serum concentration od Zn has been 
measured by the atomic absorption spectrometry. The results of our study indicate that the presence 
of low serum zinc concentrations was in 2.28% of males and 3.82% of females. The majority of 
examinees, both males and females, have had the serum zinc concentrations within the reference 
range (males: 95.02%, females: 94.7%). High serum zinc concentration has been present in 2.7% of 
examined males and in 1.48% females. It has been determined, by the analysis of examined 
parameters, that there is statistically positive correlation between zinc level and the red blood cell 
count and the hemoglobin level. However, the result of regression analysis showed that low serum 
zinc concentration had no role in anemia prediction. The results of the study showed that the zinc 
status in Vojvodina in the majority of males and females is satisfactory, regarding the fact that the low 
serum zinc concentrations prevalence in male population is 2.28% and in female population 3.82%. 
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INTRODUCTION 

Zinc (Zn) in one of the most abundant 
chemical elements in the Earth’s crust and 
after iron, it is the second most occurred 
essential microelement in an organism 
(Lander et al. 2001; Hambridge and 
Krebs, 2007). It is indispensable in the ac-
tivities of more than 200 various enzymes 

and this microelement also plays a sig-
nificant role in cell division processes, 
DNK and protein synthesis, and in an im-
mune system functioning (Food and Nu-
trition Board, 2001). Zinc has anti-inflam-
matory effect because it leads to a re-
duction in the level of inflammatory cyto-
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kines (IL6, IL8, TNF-a) (Mariani et al., 
2006; Bonaventura et al., 2015). Zinc con-
tributes to the decrease of oxidative stress 
by taking part in a synthesis of antioxidant 
enzymes. Zinc, as an enzyme catalyzer, 
affects carbohydrate, lipid and protein me-
tabolism regulation. This microelement ta-
kes part in processes of synthesis, sto-
rage and insulin releasing from β cells of 
pancreas so it plays an important role in 
pathogenesis of diabetes mellitus (Ahn et 
al., 2014; Otto et al., 2011). 

There is 2-3 g of Zn in human organism of 
which approximately 90% is in muscles 
and bones, 5% in liver and skin and the 
rest is present in prostate, digestive sys-
tem, heart, kidneys, lungs, in pancreas 
and brain. Actually, zinc is present in all 
tissues and predominately it is in fat free 
mass in intracellular compartment (Maret, 
2013). About 80% of Zn in a circulation is 
bound to albumin, while 20% of Zn is 
bound to α2 -macroglobulin (Reyes, 
1996). There is 30-40% of Zn in a cell nuc-
leus, 50% in a cytosol while the rest of Zn 
is a component of cell membrane (Vallee 
and Falchuk, 1993). 

It is difficult to measure Zn status in ade-
quate way, primarily because of the dis-
tribution of this microelement in an orga-
nism (Hambrige and Krebs, 2007). The 
serum concentration is the most common 
biomarker for Zn deficiency estimation. 
However, it is not a reliable indicator of its 
cell distribution, primarily because of solid 
homeostatic control mechanisms and be-
cause the quantity of Zn in circulation is 
approximately 0.1% of total Zn amount in 
a human organism. Zn serum concentra-
tion reference values are 11.25-25.9 
μmol/L for males, and 10.7-22.4 μmol/L for 
females, measured by atomic absorption 
spectrometry. 

Since a human organism does not pos-
sess any Zn reserves, a regular dietary 
intake of this microelement is necessary. 
Zinc is predominately found in food of ani-
mal origin and also in seafood, while in 
less quantity it can be found in whole 
grains and dairy products. Recommended 
daily intake for the adults is 11 mg/day for 
males and 8 mg/day for females (Maret, 
2013). 

Zinc absorption is performed in duodenum 
and jejunum and it is regulated by various 
mechanisms. Hormones and cytokines re-
gulate Zn status via transporters: Zn trans-
porters (Zn T) and united proteins (ZIP), 
Zn-regulated transporter 1 (Zrt1) and iron-
regulated transporter 1 (Irt1), that enable 
increase of Zn absorption and also elimi-
nation of Zn excess (Hess, 2007; Hen-
nigar et al., 2016). 

There is not great number of public stu-
dies nowadays which examine Zn status 
in a human organism and present studies 
show the results that are not congruent 
(Olechnowicz, 2018). However, the majo-
rity of studies show that the Zn deficiency 
can be seen in states of higher oxidation 
stress, inflammatory process, in patients 
with metabolic syndrome, diabetes mel-
litus type 2 (DM2) and arterial hyper-
tension (HTA) comparing to healthy po-
pulation (Seo et al., 2014; Daradkeh et al. 
2014; Marcinek et al., 2015). 

According to our knowledge, there are no 
data of Zn status in Serbia in general 
population and as well as of association of 
this microelement with different diseases. 
That is why the objective of this study was 
to examine Zn status in general population 
of the adults in the region of northern 
Serbia. 

MATERIALS AND METHODS 

This cross-sectional study was carried on 
in the period started from June 2016 until 
May 2017 in Institute of Public Health of 
Vojvodina, in the town of Novi Sad, and 
encompassed 5025 examinees of general 
population (4214 men and 811 women) 
older than 18 years of age from the region 
of northern Serbia. This study was ap-
proved by the ethic committee of Institute 
of Public Health of Vojvodina and the De-
claration of Helsinki principles was res-
pected. 

The examinees were informed about the 
study protocol and they signed the agre-
ement for taking part in the study. Then, 
the anthropometric parameters were mea-
sured (body weight and height, body mass 
index (BMI) and waist circumference 
(WC)). The body heights of examinees 
were measured by Harpenden Anthro-
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pometer (Holtain Ltd, Crowell, UK) of 
0.1cm accuracy. Body weight was mea-
sured in upright position on an electronic 
scale with an accuracy of 100g, BMI was 
calculated as ratio between body weight 
and by the square of the body height 
(kg/m2). For measuring WC the Holtain 
tape was used (Holtain Ltd, Croswell, UK) 
with the accuracy of 0.1cm. Waist circum-
ference was measured in the middle 
between the lowest rib and the highest 
spot of the hip bone. The blood pressure 
was measured to all examinees by the 
Riva Rocci method (Ponte et al., 2013). 

Hypertensive patients were considered 
examinees with diagnosed hypertension 
and those who are on antihypertensive 
therapy. Diabetes patients were conside-
red examinees with diagnosed diabetes 
and those on hypoglycaemic therapy. 

All the examinees with acute inflammatory 
disease and those suffering from malig-
nant diseases were excluded from this 
study. 

The examinees were grouped by the gen-
der and then each, males and females 
were divided into three groups according 
to zinc serum level. The men with the low - 
(hypo ZnM), normal - (normo ZnM) and 
high Zn concentrations (hyper ZnM) and 
women with low- (hypo ZnF), normal - 
(normo ZnF) and high zinc serum concen-
trations (hyper ZnF). 

Laboratory parameters 

Blood samples were collected after 12 
hours of fasting and blood sample was 
analyzed within two hours. 

The level of Zn was determined by atomic 
absorption spectrometry. 
(PerkinElmerPinAAcle 900F Atomic Ab-
sorption Spectometer, using commercial 
reagents of the Carl Roth GmgH+Co.KG, 
Karishure, Germanu and SERODOS, 
Wiesbaden, Germany). 

The levels of total cholesterol, triglyce-
rides, and HDL- cholesterol in serum were 
determined by standard biochemical me-
thod, on Mindray, biochemical serum ana-
lyzer using commercial reagents of the 
firm Mindray, Shenzhen, China. 

Complete  blood  count was measured  by 

the method of flow cytometry on the hema-
tology counter Horiba ABX using com-
mercial reagents (Horiba, ABX, SAS, 
Montpellier, France). 

Statistical analyses 

Descriptive statistical indicators were used 
to show the results of the research: 
arithmetic mean, standard deviation (SD), 
median, interquartile range. The results 
are shown as graphics and tables. For the 
determination of statistically significant 
difference of examined variables between 
the groups, ANOVA test, Kruskal-Wallis H 
test and as well as adequate post hoc test 
were used. The Chi-square test was used 
for categorical data. Pearson coefficient 
was used for the examination of a possible 
correlation between certain parameters. 
Logistic regression analysis was used to 
explain the relationship between Zn status 
as dependent variable and more exa-
mined independent variables (glycaemia, 
age, current smoking, BMI, WC), as well 
as anemia, DM and HTA as dependent 
variables and other examined variables as 
independent variables. The level p< 0.05 
was taken as statistically significant. 
Statistical data analysis was done by STA-
TISTICA 14.0 statistic software (StatSoft 
Inc., Tulsa, OK, USA). 

RESULTS AND DISCUSSION 

Baseline anthropometric, clinical and labo-
ratory characteristics of male examinees 
were listed in Table 1 and 2. 

Results showed that the lowest per-
centage of smokers was detected in the 
group of male examinees with hyperZnM 
(2.33%). Hematocrit values and number of 
red blood cell (RBC) were significantly 
higher in the HyperZnM examinee group, 
in reference to the other examined groups, 
while the serum HDL choresterol concen-
tration levels were significantly lower in the 
HyperZnM group in reference to the exa-
minee group NormoZnM. Also, the num-
ber of monocytes was significantly lower in 
the group NormoZnM in reference to the 
group HypoZnM (p<0.001). 

Baseline anthropometric, clinical and labo-
ratory characteristics of female examinees 
were listed in Table 3 and 4. 

 



Maša B. Todorović
 
et al., Zinc status in adults in Northern Serbia, 

Food and Feed Research, 46 (1), 99-110, 2019 

  

Table 1 .  
Characteristics of male examinees 

Table 2.  
The laboratory parameters of the male examinees 

The results of our study show that the fe-
male examinees with serum zinc concen-
trations above upper limit of reference 
range were significantly younger compa-
ring to the other groups of examinees. 

Also, waist circumference is significantly 
lower in the HyperZnF examinee group in 
reference to other groups of examinees. 
The lowest percentage of women smokers 
was seen in the hyperZnF group of female  

Characteristics 

 

HypoZnM 

(n=96; 2.28%) 

NormoZnM 

(n=4004; 95.02%) 

HyperZnM 

(n=114; 2.70%) 

Age (years) 44.8±12.5 43.5±12.7
 

41.8±12.9
 

Education (%) 

Primary school 

High school 

College 

Faculty 

 

1.77 

2.2 

2.1 

3.8 

 

93.9 

95.3 

92.5 

94.7 

 

4.30 

2.46 

5.35 

1.45 

Currently smokers (%) 2.9 94.7
 

2.33 

Body mass index (kg /m
2
) 27.19±4.20 27.60±4.26 27.86±4.30

 

Waist circumference (cm) 93.86±13.10 95.28±13.50
 

96.82±14.42
 

Diabetes mellitus (%) 0.6 95.0 4.45 

High blood pressure (%) 3.11 93.2 3.65 

HypoZnM – group of the examinees with the low serum zinc concentration level; NormoZnM – group of the 
examinees with normal serum zinc concentration level; HyperZnM – group of the examinees with high serum 
zinc concentration level 

Laboratory parameters 
 

HypoZnM 
(n=96; 2.28%) 

NormoZnM 
(n=4004; 95.02%) 

HyperZnM 
(n=114; 2.70%) 

Zinc (µmol/L) 10.17±1.16
a,b 

17.58±3.41
 

28.18±2.01
a 

Erytrocyte sedimentation 
rate (mm/h) 

5.3±3.6 5.8±5.7 5.8±4.9 

Sistolic blood pressure  
(mmHg) 

138.6±18.1 136.6±19.2 136.4±20.1 

Diastolic blood pressure 
(mmHg) 

88.3±11.1 87.1±11.8 86.6±13.1 

Red blood cells (x10
12

/L) 5.05±0.35
b 

5.12±0.38
 

5.24±0.36
a 

Hemoglobin (g/L) 153.9±10.0 152.7±10.2
 

154.5±10.8
 

Hematocrit (L/L) 0.45±0.05
b 

0.45±0.03
 

0.46±0.03
a 

Leukocytes (x10
9
/L) 8.10±2.68 7.43±2.24 7.70±2.04

 

Lymphocytes (x10
9
/L) 2.49±0.71 2.44±1.06

 
2.59±0.69

c 

Platelets (x10
9
/L) 249.6±60.6 250.7±50.1 256.1±55.4 

Granulocytes (x10
9
/L) 5.24±2.32 4.65±1.64 4.74±1.60 

Monocytes (x10
9
/L) 0.37±0.14

d 
0.33±0.14

 
0.34±0.11

 

Glucose (mmol/L) 6.05±2.27 5.85±1.58 5.98±1.76 
Cholesterol (mmol/L) 5.77±1.26 5.59±1,21 5.42±0.96 
Tryglicerides (mmol/L) 1.63 (0.82-2.33) 1.39 (1.03-2.19) 1.62 (1.11-2.32) 

HDL-cholesterol(mmol/L) 1.13±0.37 1.18±0.31
 

1.00±0.27
c 

LDL-cholesterol (mmol/L) 3.56±1.46 3.65±0.93 3.58±0.87 
LDL/HDL-cholesterol/  3.53±1.79 3.28±1.10 3.89±1.37 
Creatinine (umol/l) 89.3±13.9 91.0±18.7 90.8±13.6 
The results are shown as mean± SD or median (interquartile range) 
HypoZnM- group of examinees with low serum zinc concentration level; NormoZnM – group of examinees with 
normal serum zinc concentration level; HyperZnM group of examinees with the high serum zinc concentration 
level; 
a –p<0.001 in reference to NormoZnM, b –p<0.001 in reference to HyperZnM, c –p<0.05 in reference to 
NormoZnM, d - p<0.01 in reference to Normo ZnM 
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Table 3.  
Characteristics of female examinees 

HypoZnF – the group of female examinees with low zinc concentration level; NormoZnF – the group of female 
examinees with normal serum zinc concentration level; HyperZnF – the group of female examinees with high 
serum zinc concentration level; 
A -p<0.01 in reference to NormoZnF, b -p<0.05 in reference to NormoZnF 

 

Table 4. 
 The laboratory parameters of the female examinees 

The results are shown as mean± SD or median (interquartile range) 
HypoZnF group of female examinees with low serum zinc concentration level; NormoZnF – group of female 
examinees with normal serum zinc concentration level; HyperZnF group of female examinees with high serum 
zinc concentration level: a -p<0.01 in reference to NormoZnF, c -p<0.001 in reference to NormoZnF, d -p<0.001 
in reference to HyperZnF, e –p<0.01 in reference to HyperZnF 

 

Characteristics 
HypoZnF 

(n=31; 3.82%) 

NormoZnF 

(n=768; 94.7%) 

HyperZnF 

(n=12; 1.48%) 

Age (years) 38.7±10.6 42.6±11.5
 

32.4±11.9
a 

Education (%) 

Primary school 

High school 

College 

Faculty 

 

2.5 

3.79 

4.47 

5.47 

 

95.6 

94.9 

92.5 

92.9 

 

1.72 

1.26 

2.98 

1.56 

Currently smokers (%) 4.5 94.9 0.6 

Body mass index (kg/m
2
) 24.06±5.01 25.07±4.61 22.95±3.60

 

Waist circumference (cm) 
77.28±12.93 80.72±12.88

 
73.66±6.88

b 

Diabetes mellitus (%) 7.1 92.8 0.00 

High blood pressure (%) 3.0 96 0.75 

Laboratory parameters 
HypoZnF 

(n=31; 3,82%) 

NormoZnF 

(n=768; 94,7%) 

HyperZnF 

(n=12; 1,48%) 

Zinc (µmol/L) 9.48±1.20
c,d 

16.38±3.00
 

27.01±1.93
c 

Erytrocyte sedimentation 

rate (mm/h) 
9.5±5.7 9.4±6.9 7.4±4.9 

Sistolic blood pressure  

(mmHg) 
124.8±20.0 125.1±18.8 121.2±11.9 

Diastolic blood pressure 

(mmHg) 
80.5±15.1 80.74±12.12 76.5±12.1 

Red blood cells (x10
12

/L) 4.33±0.42
a,e 

4.59±0.35
 

4.71±0.38
 

Hemoglobin (g/L) 135.8±11.8 133.7±11.8
 

135.8±10.9
 

Hematocrit (L/L) 0.38±0.03 0.39±0.03 0.41±0.02
 

Leukocytes (x10
9
/L) 6.39±1.77 6.81±1.91 7.42±1.86 

Lymphocytes (x10
9
/L) 2.14±0.49 2.24±0.62

 
2.36±0.49

 

Platelets (x10
9
/L) 269.9±45.0 275.2±60.4 295.1±53.4 

Granulocytes (x10
9
/L) 3.95±1.44 4.28±1.60 4.76±2.08 

Monocytes (x10
9
/L) 0.30±0.07

 
0.29±0.11

 
0.30±0.07

 

Glucose (mmol/L) 5.14±0.53 5.31±0.84 5.14±0.63 

Cholesterol (mmol/L) 5.37±0.69 5.74±1.16 5.30±1.70 

Tryglicerides (mmol/L) 0.88 (0.78-1.60) 1.02 (0.77-1.58) 1.51 (1.09-1.94) 

HDL-cholesterol (mmol/L) 1.48±0.28 1.41±0.69
 

1.40±0.21
 

LDL-cholesterol (mmol/L) 3.35±0.93 3.85±0.97 3.21±1.21 

LDL/HDL-cholesterol 2.37±0.96 2.93±1.02 2.25±0.49 

Creatinine (umol/l) 76.0±10.3 76.1±13.3 74.4±5.8 
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examinees (0.6%). The results show also 
that the number of RBC is significantly 
lower in the group of female examinees 
with HypoZnF comparing to the other exa-
mined groups. 

Distribution of serum zinc concentrations 
(Zn) in male and female examinees were 
showed in Figure 1.  

It was found, by the distribution analysis of 
serum zinc concentrations in men and wo-
men, that the low zinc abundance was 
present in 2.28% of male examinees and 
in 3.82% of female examinees.  

The greatest number of examinees of both 
genders had serum zinc abundance within 
reference range (men: 95.0%, women: 
94.7%). High serum zinc concentrations 
were present in 2.7% of the male exami-
nees and in 1.48% female examinees. 

Number of red blood cells (RBC) in men 
and women compared to serum zinc le-
vels are shown in Figure 2. 

The correlation analysis of the inves-
tigated parameters showed a statistically 
significant positive correlation between the 
levels of Zn and the number of RBC 
(r=0.31, p <0.05), as well as hemoglobin 
levels (r=0.39, p <0.05). 

Multiple regression analysis for the pre-
diction of low serum zinc concentration 
was shown in Table 5. 
The model included years, BMI, the pre-
sence of diabetes mellitus, the presence 
of anemia, the level of glycemia and smo-
king. It was found that age, BMI, the pre-
sence of diabetes mellitus, the presence 
of anemia, the level of glycemia and smo-

king are not significant predicators of low 
serum zinc concentrations. In addition, the 
results of regression analysis showed that 
low serum zinc concentration played no 
role in prediction of HTA, DM and anemia 
in the examined sample. 

Problems in assessment of zinc status in 
human organism come out from the fact 
that serum zinc concentration is only a 
small part of the total zinc content in a 
human body. In addition to determining 
the level of Zn in the serum, other bio-
markers of the Zn status, such as the de-
termination of Zn in red blood cells and in 
the hair have been proposed (Lowe, 2009; 
Benoist et al., 2007). However, although 
the serum Zn concentration does not have 
to reflect the image of cell Zn, it is today 
the most commonly used biomarker for 
estimating the deficit of Zn in the general 
population (Maret, 2013). 

The results of our study showed that in 
Vojvodina, that is, in the north region of 
Serbia, serum zinc values range from 
11.13 to 25.97 μmol/L in 95% of the po-
pulation, and that the zinc level in males 
was significantly higher than in females 
(17.7±3.9 vs. 16.4±3.5 µmol/L, p<0.001).  

Some studies also have shown higher 
values of serum concentrations in males 
than in females (Beneš et al., 2015), which 
can be explained by different diet or dif-
ferent hormone status (Johnson, 1992).  

A multi-centric European study has shown 
that a zinc deficiency is a characteristic of 
elderly population, in which 30% of exa-
mined elderly population had a zinc defi-
ciency (Marcelini et al., 2006). 

 

 

Figure 1 Distribution of serum zinc concentrations (Zn) in male and female examinees 
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 Median 
 25%-75% 
 Non-Outlier Range 

hypoZn, male
hypoZn, female

normoZn,male
normoZn,female

hyperZn,male
hyperZn,female

Zn

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

6.2
R

B
C

 (
x
1
0

1
2
/L

)

Figure 2. Number of red blood cells (RBC) in men and women compared to serum zinc levels 
(p<0.01) 

Table 5.  
Multiple regression analysis for the prediction of low serum zinc concentration 

Predictors R P 

Age           -0,032 p>0.05 

BMI 0,028 p>0.05 

DM 0,053 p>0.05 

Anemia -0,055 p>0.05 

Glycemia 0,030 p>0.05 

Smoking -0,022 p>0.05 

R- correlation coefficient 
P- probability of the occurrence of the result 
 

The results of our study showed that low 
serum zinc concentration was found in 2% 
of examinees older than 65 years of age. 
It is considered that the elderly population 
is at the greatest risk of zinc deficiency, 
primarily because of low dietary zinc in-
take but also because of joined comor-
bidities such as decreased small intestine 
absorption (Haase, 2009). However, the 
results of our study does not show a sig-

nificant correlation between the zinc level 
and the examinee age (p>0.05), although 
the examinees with the serum zinc con-
centrations above reference range were 
significantly younger than the other exa-
minees. 

Obesity is one of the public health pro-
blems and a risk factor for metabolic disor-
ders and numerous chronic diseases (Ma-
lekzadeh, 2005). Obese people more fre-
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quently has low serum vitamin and mi-
neral concentrations than people with nor-
mal weigh; so low serum zinc concen-
trations can be found in obese population 
(Garcia, 2009). Zinc, as an essential 
micronutrient, plays its role in appetite 
control and equally in metabolism of ma-
cronutrients (Song, 2005). In experiments 
on animals, it has occurred that intra-
cellular zinc stimulates the pathway of in-
sulin signalization that leads to increased 
glucose intake, increased lipogenesis and 
decreased production of free fatty acids 
(Yoshikawa, 2004). Weight loss, as an 
approach to the weight control, might lead 
to the normalization serum values of glu-
cose, insulin and lipids and also to in-
crease of serum zinc concentrations 
(Jimenez, et al., 1987). Some authors 
think that in obese people, zinc concen-
tration increases in fatty tissues, so during 
hypocaloric diet, because of zinc mobi-
lization from a fatty tissue, it comes to se-
condary increase of serum concentration 
of this micronutrient (Ryan, 2014). 

Numerous studies have indicated the in-
teraction between zinc homeostasis and 
obesity. Primarily significantly lower serum 
zinc concentration in obese subjects was 
indicated, and the low value of Zn corre-
lated negatively with anthropometric para-
meters, such as waist circumference and 
BMI (de Luis et al., 2013; Suliburska et al., 
2013; Ferro et al., 2011). However, the re-
sults of our study have not indicated sta-
tistically significant differences in BMI 
among male examinees with low, high and 
normal zinc levels (27.19±4.20 vs. 
27.60±4.26 vs. 27.86±4.30 µmol/L, 
p>0.05), neither between examined 
groups of females with low, high and zinc 
level within the reference range 
(24.06±5.01 vs. 25.07±4.61 vs. 
22.95±3.60 µmol/L, p>0.05). Also a sta-
tistically significant difference have not 
been found in waist circumference among 
males with zinc level under, within and 
above reference range (93.86±13.10 vs. 
95.28±13.50 vs. 96.82±14.42 cm, p>0.05). 
However, there is a statistically significant 
difference in waist circumference between 
the group of females with zinc level within 
the reference range and the group of fe-
males with zinc level above the reference 

range (80.72±12.88 vs. 73.66±6.88 cm, 
p<0.05). 

In recent years, studies have been done in 
order to prove connection between zinc 
deficiency and developing DM with the 
premise that zinc deficiency is one of the 
significant risks for developing of this di-
sease (Sinha, and Sen 2014; Goswami, 
2013; Basaki, 2012, Jansen et al., 2012).  
It has been shown that zinc plays a 
significant role in the processes of syn-
thesis, storage and secretion of β cells of 
pancreas as response to glucose dietary 
intake; so a decrease of serum concen-
trations of this microelement might lead to 
decrease of cell ability of pancreas to pro-
duce and secret insulin and to developing 
of insulin resistance as well as insulin 
intolerance (Yanga et al., 2015; de Car-
valho et al., 2017). Also, zinc stimulates 
glycolysis, inhibits gluconeogenesis and 
has a significant role in glucose transport 
process. The study of Dasarathan and co-
operators (Dasarathan, 2017) has proved 
that there are lower values of serum zinc 
concentrations in the group suffering from 
DM in reference to control group, which is 
also in accordance with the results of 
McNir and cooperators, where inverse 
association of serum zinc concentration 
and glycemic status have been seen 
(McNir et al., 1981). 

However, the results of our study indicated 
that there was no statistically significant 
difference in zinc values with the males 
suffering from diabetes compared to hea-
lthy male examinees (17.88 vs 17.72 
µmol/L, p>0.05), while low serum zinc 
concentrations were detected in healthy 
population of female examinees compared 
to those suffering from DM (16.41 µmol/L 
vs 17.87 µmol/L, p<0.05). Similarly to the 
results of our study, in the Khanrin and 
coworkers study, no difference was ob-
served in serum zinc concentration in 
healthy examinees and those suffering 
from DM which can be explained by the 
fact the serum zinc concentrations vary 
under different hormone and metabolic 
influence (Ekemkcioglu et al., 2001). Also, 
in our study, the number of examinees 
suffering from DM was significantly lower 
comparing to the number of examinees 
not suffering from DM which can easily 
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influence the validity of the obtained re-
sults. 

The results of our study showed that there 
was a statistically significant correlation 
between Zn and RBC count (R=0.31, 
p<0.05) and hemoglobin level (R=0.39, 
p<0.05) as well. However, the results of 
the study by Pedraze and coauthors were 
not compatible with the results of our 
study, because they did not show sta-
tistically significant correlation between Zn 
and erythrocyte count (Pedraza, 2016), 
while the Osawe and coauthors study 
indicated positive correlation between Hgb 
and Zn (Osawa, 2002). Micronutrient de-
ficiency and nutritive anemia are sig-
nificant health problems especially in 
vulnerable groups of the population such 
as children, adolescents and pregnant wo-
men where there is a higher need for 
microelements (Jong Weon, 2005). In 
most cases, zinc deficiency is united with 
iron deficiency, keeping in mind that Zn 
plays a significant role as a cofactor of 
enzymes which are included in iron me-
tabolism (Ishraga et al., 2009). Primarily, 
zinc plays a significant role in the enzyme 
activities of alpha-aminolevulinic acid de-
hydratase which functions as a main 
growth regulator of erythrocyte group of 
cells by modulation of gene expression, 
specific for erythrocyte group of cells; then 
zinc stimulates proliferation of immature 
erythroblasts and provides normal erythro-
poiesis (World Health Organization Nu-
trition, 2000). 

In this research, we have found that in the 
group HypoZnM were 2.9% of smokers, 
while in the group HypoZnF were 4.5% of 
smokers. The lowest percent of smokers 
were found in the group hyperZnM and 
hyperZnF (in examined males 2.33%, in 
examined females 0.6%). The results of 
our study are in accordance to the results 
of Benes and coauthors study (Benes, 
2005). However, the study of Lopes and 
coauthors (Lopes, 2004) indicates higher 
zinc values in male smokers which are 
contrary to the results of our study. The in-
fluence of smoking to serum zinc concen-
trations has not been quite examined yet 
and the results of studies are contradictive 
(Szyszko, 2006). There is evidence that 
zinc can have an effect on the stimulation 

of nicotinic receptors as well as the effect 
of cadmium from cigarettes on the meta-
bolism of Zn. 

CONCLUSIONS 

The results of the study indicated that zinc 
status in Vojvodina in most men and wo-
men is satisfactory, because a prevalence 
of low serum zinc concentration in male 
population is 2.28% and in female popu-
lation 3.82%. The results also show that 
examined parameters (glycemia, age, 
smoking, BMI, waist circumference, DM, 
HTA and anemia) are not predictors of de-
creased serum zinc concentration and 
also that low serum zinc concentration 
does not play any role in HTA, DM and 
anemia prediction (although there is a sig-
nificant positive correlation between zinc 
level and hemoglobin and zinc level and 
RBC count). 
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 Клинички центар Војводине, Офталмолошка клиника, 21000 Нови Сад,  

Хајдук Вељкова 1-9, Србија 
5
 Институт за јавно здравље, 21000 Нови Сад, Футошка 121, Србија 

Сажетак: Цинк има значајну улогу у многим ензимским системима, у процесима 
ћелијскe деобe, синтезe ДНК и протеина, у функционисању имунског система, у регулацији 
метаболизма угљених хидрата, липида и протеина, а осим тога има и антиинфламаторно и 
антиоксидансно дејство. Врло је мало студија које су испитивале статус цинка у општој 
популацији, те је и циљ ове студије био да испита статус цинка у општој популацији одраслог 
становништва у региону северне Србије (Војводина). У студију је укључено 5025 испитаника 
(4214 мушкарац и 811 жена) старијих од 18 година. Свим испитаницима одређивани су 
антропометријски параметри (телесна тежина и висина, индекс телесне масе, обим струка), 
систолни и дијастолни крвни притисак, стандардним лабораторијским методама 
лабораторијски параметри (комплетна крвна слика, укупни холестерол, триглицериди, ХДЛ-
холестерол, глукоза, креатинин), док је  серумска концентрација цинка одређивана атомском 
апсорпционом спектрометријом. Резултати наше студије показују да је заступљеност ниске 
вредности цинка у испитивној групи мушкараца износила 2,28%, док је ниска вредност цинка 
била присутна код 3,82% женских испитаница. Највећи број испитаника оба пола имало је 
серумске концентрације цинка у границама референтног опсега (мушкарци: 95.2%, жене: 
94.7%). Повишена серумска концентрација цинка је била присутна у 2,7% испитиваних 
мушкараца и у 1,48% испитиваних жена. Анализом испитиваних параметара утврђена је 
статистички значајна позитивна корелација између нивоа цинка и броја еритроцита и 
хемоглобина. Међутим резултати регресионе анализе указују да снижена серумска 
концентрација цинка нема улогу у предикцији анемије. Резултати студије указују да је статус 
цинка у Војводини код већине мушкараца и жена задовољавајући, с обзиром на то да 
преваленција ниских серумских концентрација цинка у мушкој популацији износи 2,28%, 
односно у женској 3,82%.  

Кључне речи: есенцијални микроелемент, скрининг, исхрана 

Received: 7 December 2018 

Received in revised form: 14 January 2019 

Accepted: 14 February 2019 

                                                            

                                                                                         
 


