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Possible zinc deficiency in the Serbian population: examination
of body fluids, whole blood and solid tissues
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Abstract
Studies indicate that the soil, water and consequently foodstuffs in Serbia are significantly poor in zinc (Zn), and thus, it is likely
that there is a Zn deficiency in the Serbian population. This study examined the Zn status in multiple clinical samples, including
body fluids (serum, cerebrospinal fluid), whole blood and Zn-rich solid tissues (thyroid and brain tissue). Differences between
sex and age were also considered, and comparative analysis of Zn status with other world populations was performed. Serum
samples from a large number of Serbian adults approximately had twofold lower Zn amounts when compared to other popula-
tions. A similar trend was obtained for whole blood. Males had significantly higher amounts of Zn in serum, whole blood and
thyroid tissue samples than females. Higher amounts of Zn were observed in the group older than 50 years. Importantly, in
thyroid and brain tissues, Zn was 10- and 20-fold lower, respectively, than reported in the literature. Our results indicate that the
population in Serbia could be considered Zn deficient. Therefore, adequate oral Zn supplementation and/or foodstuff fortification
should be considered to prevent the deleterious effects caused by Zn deficiency.
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Introduction

Human biomonitoring (HBM) is an important tool used to
assess human exposure to different major and trace elements
in the general population (Berman et al. 2016). The data

obtained from HBM are valuable for health evaluation and
for measure to improve life quality (WHO 2015). HBM stud-
ies are used to ascertain potential health risks and form the
basis for follow-up steps that should be taken at the individual
and collective levels. These studies also tend to track and
follow-up health policies that refer to the monitoring of expo-
sure to toxic trace elements, as well as their quantification
during diagnostic and detoxification treatments (Kim et al.
2014; Cui et al. 2017). Since human exposure originates from
natural and anthropogenic sources, it is necessary to take into
account cumulative effects that can only be assessed by solid
tissue analysis, and to evaluate the potential health conse-
quences for the examined population (Stojsavljević et al.
2019). Although whole blood and serum samples are widely
used in HBM studies, more detailed information about the
intrinsic conditions in the human body can be obtained by
analysing solid tissue samples.

Measuring adequate zinc (Zn) intake is important for main-
taining the overall health of the population, as low daily Zn
intake through food is estimated to affect one-third of the
world’s population (Merrington et al. 2021). Zn deficiency
results in the disruption of metabolic pathways, causing nu-
merous clinical manifestations such as depletion of immune
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system function, impairments to physical growth, neurobe-
havioral changes, sickle cell disease, chronic renal failure,
adverse outcomes of pregnancies and cancer development
(Nikolic et al. 2016; Barroso et al. 2018). Studies have shown
that Zn deficiency is likely to be prevalent in most European
countries (Moran et al. 2012). Since Zn is recognised as an
essential trace element for human health and development,
guidelines have been developed to protect populations from
harmful health outcomes that could result from its deficiency
(Poddalgoda et al. 2019). The World Health Organization
(WHO) states that healthy individuals who are not profession-
ally exposed to Zn have a higher risk of the detrimental health
effects caused by Zn deficiency than by its excess (WHO
2001). Zn is widely distributed in the environment and has
numerous commercial and industrial uses, but the major
source that is relevant to humans comes from food (ATSDR
2005).

Previous studies have reported that there are insufficient
amounts of Zn in the soil (Dragović et al. 2008; Nikolić
et al. 2016), drinking water (Stojanović et al. 2015) and food
(Djinovic-Stojanovic et al. 2017) in Serbia. To resolve the
important question of potential Zn deficiency in the Serbian
population, in this study, we investigated different clinical
samples including serum, cerebrospinal fluid (CSF), whole
blood and Zn-rich tissues, primarily thyroid and brain tissues.
Since Zn status can vary by sex and age, this study also aimed
to reveal these differences.

Materials and methods

Ethics statement

The study was approved by the Ethics Committee of Clinical
Centre of Serbia, Belgrade (Ethical License Numbers: 1575/7,
623/1, and 442/3). All individuals voluntarily participated in
this research (aged between 18 and 65 years), and written
informed consent was obtained from every participant accord-
ing to the Declaration of Helsinki. Patients with chronic med-
ical condition such as diabetes, kidney failure, unstable coro-
nary disease, moderate and severe hypertension, lung disease,
chronic autoimmune disease and cancer, professional expo-
sure to Zn, and smokers were excluded from the study group
to avoid the effect of confounding factors on the Zn profile.
Parameters such as sex and age were collected from the pa-
tient’s medical history.

Sample collection

Whole blood (n=314; female/male ratio=156/158; average
age: 50±2 years) was collected by cubital venepuncture from
healthy volunteers into trace metal-free evacuated tubes (BD
Vacutainer) after an overnight fast. The first Vacutainer with

whole blood was immediately frozen, while the second one
was left to coagulate for 30 min and the serum was prepared
and separated after centrifugation at 3000×g.

Healthy thyroid tissue samples were collected during thy-
roidectomy by excision from patients who were operated on
for benign thyroid diseases (n=111, female/male ratio=88/23;
average age: 50±5 years). Since one-half or the whole thyroid
is surgically removed depending on the tumour size and loca-
tion, healthy thyroid tissue samples were collected at the
greatest possible distance from a benign tumour, which was
well demarked. Histopathological analysis of healthy thyroid
tissues did not reveal any pathological changes that could
interfere with the results of the study.

Healthy brain tissue samples were collected from patients
who were operated on for benign tumours (n=57, female/male
ratio=25/32; average age: 50±3years). CSF was collected rou-
tinely from patients with hydrocephalus during a surgical
shunt procedure. The clinical preoperative diagnosis of hydro-
cephalus was made before CSF sampling. In cases of brain
tissue collection, a definitive diagnosis was confirmed by his-
topathological analysis. Because only healthy brain tissues
were analysed, they were collected at a safe distance from
the benign tumour mass, which is a regular surgical technique
in terms of resection extent, and it does not introduce any
additional risk to patient health. All samples were stored at
−80°C until analysis.

Chemicals and instrumentation

All chemicals were supplied byMerck (Darmstadt, Germany).
A single standard solution of Zn (10 mg/L) was used to pre-
pare intermediate standard solutions. The obtained linearity of
the calibration curve was above 0.999. For the correction of
the matrix interferences, the internal standard solution of Ga
(10 mg/L) was used after final dilution to 10 μg/L. This solu-
tion was equally distributed in the blank, standard solutions
and in samples through a second channel of the peristaltic
pump. To check the accuracy of the analytical method, the
following standard reference materials (SRMs) were used:
whole blood L-2 (SERO210205, Norway) and bovine liver
(1577c, NIST, USA). All samples were decomposed by mi-
crowave digestion (ETHOS 1 Advanced System, Milestone,
Italy). For the quantification of Zn, inductively coupled plas-
ma mass spectrometry (ICP-MS, iCAPQc, Thermo Scientific,
UK) was used.

Sample preparation

All samples were weighed on an analytical balance and about
0.5 g of each sample was placed into a microwave cuvette.
Nitric acid (65%) and hydrogen peroxide (30%) were added to
each cuvette at a ratio of 4:1 (v/v). The following temperature
program was set for digestion of whole blood, serum and CSF
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samples: 3 min heating to 90°C, 5 min heating to 150°C,
5 min heating to 190°C and 20 min heating at 190°C.
Thyroid tissue and brain tissue samples were digested as fol-
lows: 4 min to 100°C, 5 min to 150°C, 5 min to 160°C and
20 min heating at 180°C. Decomposed samples were diluted
to 10 mL with ultrapure water.

Data analysis

Descriptive statistics and the MannWhitney U test at a signif-
icance level of p=0.05 were performed using SPSS statistical
software (IBM SPSS Statistics v.20). The results were pre-
sented as the mean, standard deviation (SD), geometric mean
(GM) and percentiles (Ps) from the 2.5th to the 97.5th. All
figures were drawn using GraphPad Prism 5.0 (GraphPad, La
Jolla, CA, USA).

Results and discussion

The amounts of Zn were found to be highest in thyroid tissue,
followed by whole blood, brain tissue, serum and CSF sam-
ples (Table 1). Differences in Zn status between sex (female/
male) and age (<50 years versus ≥50 years) are given in
Tables 2 and 3. The amount of Zn amount in serum, whole
blood and healthy thyroid tissue was significantly higher in
males compared to females, and in individuals older than 50.
Sex and age showed no significant differences in Zn amounts
relative to CSF and healthy brain tissues. The differences be-
tween the amounts of Zn in the analysed clinical samples
among different populations worldwide are given in Figs. 1,
2, 3, 4, and 5.

Since Zn intake is mainly through food ingestion, the cur-
rent Zn status in the Serbian population is a cause of concern.
The grain grown on all our lowland soils is poor in Zn (21
mg/kg), and even lower Zn concentrations were found in flour
samples made from these grains. Since wheat bread is the
basic food in the Serbian population, the low amount of Zn
reported in the wheat grain is a serious concern with regard to
human health (Nikolic et al. 2016). Studies have shown re-
duced Zn content in a wide range of foodstuffs available at
local markets (Popović et al. 2017; Djinovic-Stojanovic et al.
2017). It was reported that the Zn content in canned fishwas in

an adequate range, as provided by National Food Databases
(NFDs) (Popović et al. 2017), but it was emphasised that
canned fish cannot be considered an important dietary source
of Zn for the Serbian population (Popović et al. 2017). The Zn
content in chicken and pork products that are part of the
Serbian diet was 5- to 80-fold lower, respectively, than the
amounts reported in studies conducted in other countries
(Djinovic-Stojanovic et al. 2017). The United States
Environmental Protection Agency (US EPA) states that the
minimum amount of Zn required for normal functioning of
the body is 5.5 mg/day. It was determined that the amount of
Zn with potentially harmful effects on health is 60 mg/day,
which is significantly more than the amount consumed daily
by the Serbian population (Djinovic-Stojanovic et al. 2017);
the possible toxic effects of excessive Zn intake have been
mentioned by Bulat et al. (2017). They have stated that al-
though it is beneficial for the overall health, excessive intake
of Zn has toxic effects on the body (Bulat et al. 2017). The
proposed reference dose (RfD) value of 0.3 mg Zn/kg/day is
based on the derived minimal effect level (DMEL) on the
activity of Cu2+/Zn2+-superoxide dismutase (SOD), which is
an important component of the antioxidative defence system

Table 1 Mean, standard deviation (SD) and median Zn values for the
analysed samples (ng/g)

Serum Whole blood CSF Brain tissue Thyroid tissue

mean 574 4969 37.9 2793 5871

SD 139 1130 16.9 989 1201

median 526 4675 33.9 3003 5806

Table 2 Percentile (P) values for Zn in all analysed samples according
to sex and age (ng/g)

P2.5 P10 P25 P50 P75 P95 P97.5

Serum Female 371 431 467 509 619 748 771

Male 407 418 479 568 731 827 843

< 50 years 398 419 456 509 595 671 672

≥ 50 years 375 440 495 620 746 834 851

Whole blood

Female 3303 3320 4083 4630 5178 7016 7685

Male 4312 4390 5575 5612 6402 7084 7389

< 50 years 3612 3798 4010 4531 5136 6483 6753

≥ 50 years 3365 3984 5032 5465 6091 7624 7712

CSF

Female 12 14 19 34 40 62 64

Male 18 28 32 42 53 75 78

< 50 years 10 12 17 31 38 60 62

≥ 50 years 19 25 29 39 50 71 74

Brain tissue

Female 1851 1989 2525 2611 2623 3431 3645

Male 1430 2793 3023 3031 3153 3947 4010

< 50 years 1840 1957 2516 2601 2602 3405 3631

≥ 50 years 1469 2765 2992 3002 3134 3924 3994

Thyroid tissue

Female 1840 3852 3031 5667 7533 9938 10341

Male 3112 5381 3629 7531 8526 9924 10522

< 50 years 2041 2963 3706 5221 7508 9621 9944

≥ 50 years 1763 3688 4831 4883 8752 10213 10432
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that can become insufficient as a result of Zn deficiency and
subsequently lead to oxidative stress. Zn deficiency is com-
mon in countries where the diet is primarily based on vegeta-
bles. Considering that Zn tends to bind to phytates, its gastro-
intestinal absorption in the body can be reduced (El Missiry
et al. 2014). Yedomon et al. (2016) noted that Zn deficiency is
present in the rural area of Northern Benin due to its low
intake via food. The mean dietary Zn intake in the adult
Serbian population is below the recommended values for both
genders (15 mg/day, established by the EPA 2005), with 9.1
mg/day for males and 7.3 mg/day for females (Knez et al.
2017).

Serum and/or plasma are the most commonly used clinical
samples in HBM studies. These samples have been observed
to reflect Zn supplementation, especially in people with a low
or moderately low Zn status (Wieringa et al. 2015).
Comparing the mean Zn serum values with the results for
other populations, it was found that the participants in Serbia

had twofold lower Zn concentrations than populations of the
USA (Hennigar et al. 2018, Harrington et al. 2014), France
(Arnaud et al. 2010) and New Zealand (de Jong et al. 2001).
Hess et al. (2007) pointed out that the serum Zn content can
vary according to sex and age, and our findings are in agree-
ment with this study, and also with the mean values of the
Spanish population (520 μg/L for males and 480 μg/L for
females) (Henríquez-Hernández et al. 2020). However, the
mean Zn serum value in this study was lower compared to
results from Poland (824 μg/L) (Marcellini et al. 2007), Italy
(732 μg/L) (Marcellini et al. 2007), Germany (830 μg/L)
(Marcellini et al. 2007), Greece (741 μg/L) (Marcellini et al.
2007), France (928 μg/L) and Sweden (728 μg/L) (Schultze
et al. 2014). Although a universal reference range for Zn is
difficult to provide, each country needs to determine its own
reference range. Compared to the reported range from 800–
1200 μg/L (Burtis et al. 2012), the Serbian population had a
twofold lower serum Zn concentration.

Table 3 Geometric mean (GM)
and p-values for Zn in all
analysed samples according to
sex and age (ng/g)

Serum Whole blood CSF Brain tissue Thyroid tissue

Total 552 5060 35.1 2616 5578

Sex Female 537 4710 30.3 2570 5329

Male 588 5701 39.0 2865 6466

p-value 0.033 0.042 0.903 0.658 0.021

Age < 50 years 510 4649 37.7 2780 5178

≥ 50 years 597 5373 42.1 2912 6036

p-value 0.029 0.039 0.750 0.693 0.033

Fig. 1 Comparison of the amounts of Zn in serum samples between population groups worldwide (ng/g)
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Whole blood analysis can provide an insight into the over-
all health of the investigated population and is widely used in
HBM studies. When compared to serum/plasma samples, the
content of Zn in whole blood is significantly higher and can be
explained as due to the high amount of Zn in the red blood
cells. Reported Zn values for whole blood samples in the US
(Harrington et al. 2014), Canadian (Saravanabhavan et al.
2016) and Czech populations (Batariova et al. 2006) were
about twofold higher than the result obtained herein (Fig. 2);
however, values similar to ours were reported in the French
population (Cesbron et al. 2013). Slightly higher blood values
of Zn for the Serbian population were found when compared

to Italian volunteers (4298±623 μg/L) (de Oliveira et al.
2020).

The blood-brain barrier (BBB) plays an important role in
brain microenvironment homeostasis and is also included in
regulating Zn balance in the brain tissue (Qi and Liu 2019).
CSF is not a typical type of sample for HBM studies as it is
difficult to collect. Since it could provide additional insight
into Zn status, we aimed to reinforce the results of our study
by including CSF samples. Our data are in agreement with
results obtained for the Greek (Kapaki et al. 1989) and Italian
(Alimonti et al. 2007) populations, but the Zn content in the

Fig. 2 Comparison of the
amounts of Zn in whole blood
samples between population
groups worldwide (ng/g)

Fig. 3 Comparison of the amounts of Zn in cerebrospinal fluid (CSF)
samples between population groups worldwide (ng/g)

Fig. 4 Comparison of the amounts of Zn in brain tissue samples between
population groups worldwide (ng/g)
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Norwegian population (Melo et al. 2003) was about 1.2-fold
lower than our value, whereas the Spanish and Swedish pop-
ulations had 5- and 1.5-fold higher Zn contents, respectively
(Roos et al. 2013). No significant difference in the Zn status in
CSF was observed between populations.

Zn has a role in increasing the permeability of the BBB,
which protects nervous tissue from harmful agents. The re-
sults for brain tissue samples presented herein are 2-, 8- and
10-fold lower when compared to the Turkish (Arslan et al.
2011), Spanish (Garcia et al. 2001) and Hungarian popula-
tions (Andrasi et al. 1993), respectively, while the Japanese
population (Katoh et al. 2002) had a 20-fold higher value (52
μg/g) than the Serbian population.

A comparative analysis of the amounts of Zn in thyroid
tissue in different population groups was carried out. In the
Japanese (101 μg/g) (Błazewicz et al. 2010) and Polish pop-
ulations (110 μg/g) (Katoh et al. 2002), the concentration of
Zn was 20-fold higher, whereas in the Turkish (Baltaci et al.
2017) and Russian populations (92.5 μg/g) (Zaichick and
Zaichick 2018), it was around 15-fold higher than that report-
ed in our data. These results point to the contribution of Zn
deficiency to the increased incidence of benign and malignant
thyroid diseases in Serbia.

The role of Zn as a modulating factor in the clinical course
of viral infections has been noted among individuals with Zn
deficiency, and in light of the ongoing COVID-19 pandemic,
recent studies have analysed the effect of Zn on the severity of
SARS-CoV-2 infection. Thus, COVID-19 patients that were
Zn deficient had more health complications caused by the
primary disease (Jothimani et al. 2020; Wessels et al. 2020).
Up to April 2, 2021, Serbia has 605,406 registered cases of
COVID-19 and 5345 COVID-19-related deaths with a pro-
gressively increasing daily number of infected patients (IPHS

2021). Therefore, taking into consideration the possible posi-
tive effects on the patients’ health, oral Zn supplementation
has been implemented into preventive and therapeutic proto-
cols against COVID-19.

Our study was conducted on different human clinical sam-
ples that provided a comprehensive insight into the general
profile of the Zn status and its distribution. This is one of the
largest samples of Caucasian individuals on whom Zn profil-
ing has been conducted, and to the best of our knowledge, it is
the first of its kind as regards the type of analysed samples.

Limitations of the study include the analysis of factors that
affect the amount of Zn in the body, such as the type of diet,
the presence of unhealthy habits and the possible existence of
other diseases, as well as random sampling without a defined
region in the country.

Conclusion

By comparing our results with data for other populations
around the world, we have shown for the first time that the
Serbian population could be Zn deficient. Analysis of serum
samples revealed about 2-fold lower amounts of Zn in the
Serbian population when compared to all other populations
worldwide. A similar trend was obtained for whole blood
samples. Males had significantly higher amounts of Zn com-
pared to females in the serum, whole blood and thyroid tissue
samples. Also, higher Zn amounts were found in the older
group of subjects (≥ 50 years). Most importantly, the amounts
of Zn in thyroid and brain tissues were 10- and 20-fold lower,
respectively, than reported in the literature. Therefore, ade-
quate oral Zn supplementation and/or fortification of foodstuff
should be considered in order to prevent the harmful effects
caused by Zn deficiency.
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