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Introduction

A wide variety of environmental agents affect 
the thyroid gland causing different thyroid function 
disorders and one of the well-known environmental 
catastrophes was the Chernobyl accident, when a 
significant correlation between the exposure to ra-
dioactive iodine J131 and the incidence of hypothyro-
idism was determined [1, 2]. This catastrophe led 
to the increased frequency of juvenile hypothyroi-
dism in Belarus, the Russian Federation and Ukra-
ine ten years later [3].

During the end stage of conflict period in the 
Balkans (in 1999), a partial or total destruction of 
industrial plants, military targets, infrastructure, as 
well as uncontrolled fires and explosions resulted 
in large amounts of hazardous organic matter that 
were generated and emitted into the environment, 
and the city of Novi Sad was recognized as an en-
vironmental hot spot by the United Nations Envi-
ronment Programme and the United Nations Centre 
for Human Settlements [4]. About 73,000 tons of 
crude oil and oil products, including the transformer 
oil containing polychlorinated biphenyls (PCBs) 
were burned or leaked (UNEP/UNCHS Report, 
1999) during the bombing of the Novi Sad oil refi-
nery in 1999 [5]. The effect of PBC exposure on 
serum thyroid hormone levels is well documented 
in animals and humans [5–8]. Some of the studies 
have shown that the increased prevalence of some 
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Summary
Introduction. Depleted uranium radiation and pollution with 
polychlorinated biphenyls resulting from bombings the territories 
of Serbia as well as the additional long-term stress may have affec-
ted the function of thyroid gland. The objective of this study was to 
determine the trend of drug utilization in the treatment of thyroid 
dysfunction during pregnancy in Novi Sad. Material and Methods. 
Women who had given birth at the Department of Gynecology in 
1989, 1999, 2007 and 2011 were interviewed during a one-month 
period about thyroid diseases in the pregnancy as well as the drugs 
they had taken. Results. Not a single pregnant woman was reported 
to have a thyroid disorder in 1989 and 1999, while in 2007 four 
women were reported to have a thyroid dysfunction. In 2011, four-
teen out of 18 women with thyroid dysfunction were using levot-
hyroxine and in most cases hypothyroidism was diagnosed as au-
toimmune Hashimoto thyroiditis. Conclusion. The study results 
suggest the necessity of performing more detailed analyses of the 
correlation between the frequency of the thyroid gland dysfunction 
and the effects of environmental pollution in Serbia.
Key words: Thyroid Diseases; Pregnancy; Hashimoto Disease; 
Hypothyroidism; Propylthiouracil; Thyroxine; Risk Factors; Drug 
Therapy; Epidemiology; Serbia

Sažetak
Uvod. Od zagađujućih supstancija, kao rezultat konfliktnih 
situacija na području Srbije, značajno mesto zauzimaju osiro-
mašeni uranijum i polihlorovani bifenili koji, uz propratni du-
gotrajni stres, značajno utiču na funkciju štitaste žlezde. Cilj 
rada bio je da se odredi trend upotrebe lekova u terapiji bolesti 
štitaste žlezde tokom trudnoće na teritoriji grada Novog Sada. 
Materijal i metode. Tokom jednomesečnog perioda anketirane 
su sve porodilje hospitalizovane na Klinici za ginekologiju i 
akušerstvo 1989, 1999, 2007. i 2011. godine, o bolestima štitaste 
žlezde, kao i o tome koji lek uzimaju u terapiji poremećaja funk-
cije štitaste žlezde. Rezultati. Tokom 1989. i 1999. godine ni-
jedna trudnica nije evidentirana sa poremećajem funkcije šti-
taste žlezde, 2007. godine evidentirane su 4 trudnice, a 2011. 
godine bilo je 18 trudnica sa poremećajem funkcije štitaste 
žlezde od čega čak 14 sa dijagnozom hipotiroze i to u najvećem 
broju slučaja kao autoimuni Hašimotov tiroiditis. Zaključak. 
Rezulati našeg rada ukazuju na neophodnost sprovođenja de-
taljnije analize povezanosti učestalosti ovih poremećaja funk-
cije štitaste žlezde i uticaja zagađivača životne sredine. 
Ključne reči: Oboljenja štitne žlezde; Trudnoća; Hašimotova 
bolest; Hipotireoza; Propiltiouracil; Tiroksin; Faktori rizika; 
Terapija; Epidemiologija; Srbija
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thyroid antibodies may be related to the known im-
munomodulatory effects of PCBs [9, 10]. Depleted 
uranium (DU), an emerging environmental pollu-
tant, was used as armor-penetrating ammunition in 
the Balkans conflict and was claimed to contribute to 
health problems [11, 12]. Studies investigating DU 
health effects at the cellular level or on animals expo-
sed to DU suggest a possible influence on birth de-
fects, immune system impairments, cancer risk etc. 
[13, 14].  

Maintenance of normal thyroid function is essen-
tial for psychological and physiological well-being. 
Pregnant women with undiagnosed or inadequately 
treated hypothyroidism have an increased risk of mis-
carriage, preterm delivery, and severe developmental 
problems in their children [15, 16]. Therefore, the aim 
of our study was to determine the trend of thyroid 
function disorders through monitoring the utilization 
of drugs for the treatment of thyroid gland disorders 
in pregnant women, as the most vulnerable group of 
population in the city of Novi Sad, Serbia, before and 
after the conflict period in the Balkans.

Material and Methods

A survey was performed in Novi Sad, Serbia, a 
city with about 300,000 inhabitants, with only one 

Department of Gynecology and Obstetrics. The Re-
gional Ethics Committee approved the survey. The 
study sample consisting only of women who had si-
gned the informed consent form, thus showing that 
they were willing to participate in the survey.

This retrospective-prospective study included the 
pregnant women who had given birth at the  
Ward of Perinatology, Department of Gynecology 
and Obstetrics during the one month period in 1989, 
1999, 2007 and 2011. The study was the extension 
of multinational DUP study (Drug utilization du-
ring pregnancy and puerperium) [17, 18].

Data about drugs used for thyroid function disor-
ders during pregnancy were taken from the health 
files of parturients.

Results

Table 1 shows the trend in the drug utilization 
in treatment of thyroid dysfunction in pregnant wo-
men from 1988 to 2011 in Novi Sad.

In years 1988 and 1999 no drugs were used for 
treatment of thyroid dysfunction in pregnant women 
included in the surveys (296 and 100 pregnant wo-
men, respectively).

In 2007, four out of 423 pregnant women included 
in the study were reported to have thyroid dysfuncti-
on. Three (0.70%) out of four had hypothyroidism 
and all of them were administered levothyroxine re-
placement therapy, while one pregnant woman had 
hyperthyroidism.

In 2011, 18 out of 413 pregnant women included 
in the study were reported to have thyroid dysfuncti-

Abbreviations
PCBs – polychlorinated biphenyls 
DU – depleted uranium
DUP – drug utilization during pregnancy and puerperium
TSH – thyroid-stimulating hormone

Table 1. The prevalence of the thyroid dysfunction in pregnant women suffering from hypothyroidism and hyper-
thyroidism included in the survey at the Ward of Perinatology, Department of Gynecology and Obstetrics, Clini-
cal Center Novi Sad in 1988, 1999,  2007 and 2011.
Tabela 1. Prevalencija poremećaja funkcije štitaste žlezde kod trudnica obolelih od hipotiroze i hipertiroze uklju-
čenih u ispitivanje na Zavodu za perinatologiju, Klinike za Ginekologiju i akušerstvo Kliničkog centra u Novom 
Sadu 1988., 1999., 2007. i 2011. godine.

1989* 1999** 2007** 2011
Total No of included pregnant women
Ukupan broj porodilja uključenih u ispitivanje 296 100 423 413

Total No and percentage of pregnant women with thyroid gland disorders
Ukupan broj i procenat porodilja sa poremećajem funkcije štitne žlezde 0 0 4 (0.93%) 18 (4.23%)

Total No and percentage of pregnant women with hypothyroidism
Ukupan broj i procenat porodilja hipotireozom 0 0 3 (0.70%) 14 (3.39%)

Total No and percentage of pregnant women with hyperthyroidism
Ukupan broj i procenat porodilja hipertireozom 0 0 1 (0.23%) 4 (0.97%)

* data about incidence of the thyroid disorders were taken from the Study on Drug Use in Pregnancy (DUP) initiated by the 
Mario Negri Institute, Milano, Italy, conducted in 1989, when Novi Sad was one of the centres of the study. The follow-up study 
was performed 10 years later in 1999 (Sabo et al., 2001)
** data about incidence of the thyroid disorders were taken from the unpublished data of the Department of Pharmacology, 
Toxicology and Clinical Pharmacology, Faculty of Medicine, University of Novi Sad 
* podaci o učestalosti oboljenja štitaste žlezde kod trudnica preuzeti  su iz istraživanja o upotrebi lekova u trudnoći –DUP (Drug 
Use in Pregnancy) koji je pokrenuo Institut Mario Negri, Milano, Italija, sprovedenog 1989. godine kada je Novi Sad bio jedan 
od centara ovog istraživanja. Nastavak ovog istraživanja sproveden je 10 godina kasnije 1999. godine [17]
** podaci o učestalosti oboljenja štitaste žlezde kod trudnica preuzeti su iz neobjavljenih podataka Katedre za farmakologiju, 
toksikologiju i kliničku farmakologiju
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on. The replacement therapy of levothyroxine for the 
treatment of hypothyroidism was taken by 14 (3.39%) 
women during pregnancy out of 413 women included 
in the study, with the average duration of the treatment 
with levothyroxine sodium of 3.3±2.59 years. Autoi-
mmune Hashimoto’s thyroiditis was diagnosed in 
64.28% of them. The average duration of treatment 
with propylthiouracil was 1.6±0.94 years in four pre-
gnant women with hyperthyroidism.

Discussion

Thyroid disorders are the second most common 
endocrine disorders found in pregnancy. However, 
data on epidemiology of thyroid diseases are scarce 
[19–21]. The epidemiology data vary widely, with 
overt hypothyroidism occurring in 0.3–0.5% [22] 
to 12.8% of pregnancies [22, 23]. Subclinical disor-
ders appear to occur from 2–3% to 25% [21–24]. 
Therefore, the more accurate way of assessing the 
epidemiology of thyroid dysfunction is to follow the 
prevalence in time rather than to compare epidemi-
ology between the countries.

In Novi Sad study the percentage of pregnant 
women taking drugs for hormonal disorders incre-
ased more than 4-fold between the last two study 
periods. Having in mind the significance of hypot-
hyroidism on fetal development, such a high incre-
ase in the number of young pregnant women with 
hypothyroidism is alarming.

According to the published data, numerous rea-
sons can trigger the autoimmune process affecting 
the thyroid gland, chemical factors and long-term 
stress being well recognized. The ammunition con-
taining depleted uranium was used in military ope-
rations by NATO in all parts of Serbia during the 
Kosovo conflict in 1999. Public concern related to 
health consequences has been raised by the general 
belief that Novi Sad and the region of Vojvodina were 
contaminated by depleted uranium during the bom-
bing. Some studies in animals have shown the im-
mune modulation ability of DU. It can cause inappro-
priate apoptosis of murine (mouse) peritoneal ma-
crophages, which can lead to both autoimmune 
problems and immusuppression. The similarities 
between murine and human immune system geneti-
cs suggest that these findings may also apply to hu-
mans [25].  The analysis of 50 soil samples taken 
from the region of Vojvodina after the conflict 
showed slight increases in the activity of 137Cs, 
which has a negative impact on the environment, 
from 6.6 in 1989 to 8.2 Bq/kg in 2001 in the region 
of Novi Sad and from 23 to 31Bq/kg in the region 
of Vršac [26]. Most of 137Cs originates from Cher-
nobyl disaster [27]. However, while the values in 
Novi Sad and Vršac slightly increased after 1999, 
in Subotica region which had not been bombed, 
with time the activity of 137Cs had the tendency to 
decline from 9Bq/kg in 1999 to 4,6Bq/kg in 2001 
year. Contamination with inhaled DU was proved by 
the excretion of DU isotopes in the urine of exposed 

military personnel seven years after the Balkans con-
flict according to Durakovic (2001) [11].

Škrbić and Miljević investigated the soil pollution 
at the oil refinery in Novi Sad following the destruc-
tion of crude oil and its products in storage tanks 
during the Kosovo conflict by taking the soil samples 
from several fields of the oil refinery [28]. At some 
locations the presence of PCBs, another important 
environment pollutant, indicated the burning of ad-
ditives stored at the refinery site. The contamination 
with PCBs presents a great environmental risk, es-
pecially for drinking water (the oil refinery of Novi 
Sad is located just 0.5 km upstream of bank filtra-
tion wells used for the city’s water supply) due to 
the potential migration of identified pollutants by 
groundwater to infiltration galleries [29]. In adults, 
adolescents and children from highly PCB-exposed 
areas the concentration of PCB in blood samples 
correlated negatively to the levels of circulating pe-
ripheral thyroid hormones [30]. The levels of PCBs 
in the environment are associated with reduced 
thyroid hormone levels in the pregnant women [31, 
32]. Prenatal or postnatal exposure of humans or 
animals to PBCs can result in hormonal changes 
and neurodevelopment deficits [33, 34]. The long-
term exposure to heavy environment pollution 
among the employees of PBCs factory in Slovakia 
resulted in a significant increase of autoantibodies 
against thyroid peroxidase (TPO Ab) as well as a 
higher prevalence of autoantibodies against thyro-
globulin (Tg Ab) and autoantibodies against TSH 
(TSHR Ab) especially in female employees compa-
red to the control group [35]. 

Numerous other reasons can affect the prevalen-
ce of dysfunction of thyroid gland, long-lasting 
stress being one of them [36]. Studies including sol-
diers after the war and victims of abuse have shown 
abnormal values of TSH, triiodthyromine (T3) and 
thyroxine (T4), with mostly decreased values of 
thyroid hormones. The effects of chronic stress du-
ring the civil war in Serbia have not been investi-
gated yet. Its long lasting consequences in combi-
nation with environment pollutants includes not 
only disturbances of homeostasis, but also a poten-
tially deadly disease such as an increased number 
of malformations in newborns and different forms 
of cancer in adults [2, 37, 38].

Limitation of the Study

A shortcoming of this study is the absence of data 
on the prevalence of thyroid disorders in pregnant wo-
men, namely the hypothyroidism, which results from 
insufficient epidemiology data in Serbia. The transla-
tion of results of comparative research of thyroid dis-
orders prevalence is hard to conduct due to differences 
in definition and samples of population as well as the 
fact that the use of unique series of diagnostic criteria 
for the prevalence of these disorders are necessary. 
The data about the possible causes of environment 
pollution and stress on hypothyroidism in pregnancy 
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are scarce, and conclusions about their influence on 
pregnancy are insufficient so far. 

Conclusion

Our study suggests a significant increase of symp-
tomatic autoimmune thyroid disease, namely 
Hashimoto’s thyroiditis, in pregnant women in Novi 

Sad region during the last decade. Although the rea-
sons have been discussed, they are still not known. 
Further follow up of this trend and detailed study of 
possible reasons are necessary. Due to the significan-
ce of proper treatment of hypothyroidism in pregnant 
women, it is recommended to introduce routine testing 
of all pregnant women in order to diagnose subclinical 
cases of pregnancy to start treatment on time.
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