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Abstract: Thyroid dysfunction occurs in 5-18% of pregnant women and is associated with a higher risk of various
gynecological and obstetric complications and these differences are due to the specific characteristic of the study population. The
aim of the present study is to analyze the population of pregnant women in Bulgaria regarding the main parameters that are relevant
to their thyroid status - age, sequence of pregnancy, reproductive problems, family history of thyroid disease, body mass index.
Material: We studied 547 pregnant women, mean age 3045 years. The study was conducted as a cross-sectional multicenter
population-based in 10 regions of Bulgaria or a total of 84 settlements. Methods: An individual Questionnaire was completed,
determined in a central laboratory with ECLIA method TSH, FT4, TPOADb and ultrasound examination of the cervical region was
conducted. Statistical processing of the material was performed using the standard SPSS 13.0 for Windows. Results: TSH levels are
negatively correlated with age, P<0.07. The thyroid volume for the group of women with first pregnancy (n-245, 44.8%) is
8.67+2.23 mL, median 8.35 mL, and the thyroid volume in the remaining 302 (55.2%) women with another pregnancy is 9.15+2.85
mL, median 8.96 mL (P<0.01). Reproductive problems were reported in 119 (21.8%) pregnant women, but the correlation with
TSH levels was weak, P<0.009. In 25% of women with family history of thyroid pathology there are abnormalities in thyroid
function (in 96.4% hypothyroidism and in 3.6% hyperthyroidism). While in euthyroid pregnant women previous obesity was
present in 8.6% (30/350), in hypothyroid pregnant women it was found in 12.7% (14/110), P<0.035. In other words, BMI before
pregnancy is a significant predictor of hypothyroidism, proven during pregnancy. Conclusion: The preliminary in-depth study and
presentation of the characteristics of the studied Bulgarian population of pregnant women is the basis for a proper assessment of the
condition of the thyroid gland.
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demands on the thyroid gland and in about 5% of women who
have checked their thyroid function during pregnancy,
subclinical hypothyroidism will be found, which is unfavorable
for the outcome of pregnancy and for the offspring [6].
Abalovich M. et al. found that 34% of women with
hypothyroidism became pregnant without treatment with
Levothyroxine, with 11% having CHT and 89% SCHT [7].
SCHT occurs in 2-2.5% of pregnant women according to
Lazarus JH, while in Belgium they report a frequency of 6.8%
and in northern Spain - 13.7% [8-10]. At the same time,
Alkafajei A. et al. (2012) conducted a cross-sectional study

1. Introduction

The prevalence of thyroid disorders in group of 20-45-
year-old women has been estimated to be between 5 to 7%
for subclinical hypothyroidism (SCHT), 2 to 4.5% for
clinical hypothyroidism (CHT), 0.5 to 1% for
hyperthyroidism and 5 to 10% for thyroid autoimmunity [1].

Thyroid dysfunction occurs in 5-18% of pregnant women
and is associated with a higher risk of various gynecological
and obstetric complications [2-5]. Pregnancy places additional
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and found that the prevalence of SCHT was 20.8% according
to laboratory data and internationally accepted criteria [11].
Various studies have demonstrated that when using a fixed
upper reference limit of TSH, about 8-28% of pregnant women
show high levels of this hormone [12, 13]. CHT is much less
common in pregnant women. Regarding hyperthyroidism
during pregnancy, the frequencies shared in the literature are
very low - from 0.4% to 1.8% [14, 15].

The aim of the present study is to analyze the population
of pregnant women in Bulgaria regarding the main
parameters that are relevant to their thyroid status - age,
sequence of pregnancy, reproductive problems, family
history of thyroid disease, body mass index.

2. Study Design

The study was conducted as a cross-sectional multicenter
population-based and was realized from September 25 to
November 6, 2019 in 10 regions of Bulgaria (Sofia and Sofia
region - Samokov, Pirdop; Smolyan; Gotse Delchev; Gabrovo;
Troyan-Apriltsi, Burgas, Stara Zagora, Pleven), including small
towns and villages from each region or a total of 84 settlements.
Regions with a known iodine deficiency in the past were
included, such as Sofia-city, Sofia district, Smolyan, Gotse
Delchev, Gabrovo, Troyan, as well as regions with iodine
sufficiency in the past - Burgas, Stara Zagora, Pleven and their
districts. The study was conducted with the assistance of 104
endocrinologists and gynecologists from selected areas. From
their lists of registered pregnant women, a total of 630 people
was invited to participate, with 547 (86.8%) responding.

3. Material

We studied 547 pregnant women, mean 3045 years, median
- 30 (18-47). The grouping by age of pregnant women is
shown in Table 1.

Table 1. Distribution of screened pregnant women by age groups

Age (years) Number Percentage
18-22 33 6.0

23-27 115 21.0

28-32 219 40.0

33-37 128 234

38-42 46 8.4

43-47 6 1.1

All participants signed an informed consent, approved by
the local Ethics Commission at Sofiamed University Hospital,
Sofia University “Saint Kliment Ohridski”, and it was
prepared in accordance with ethical standards according to
the Helsinki-1964 Declaration and its later additions [16].

Each pregnant woman filled in a Questionnaire with the
help of a specially designated medical person from the "face to
face" team in order to correctly collect data on pregnancy
history, intake of combined vitamins with minerals, vitamin D,
other medications by type and doses, available thyroid or other
diseases.

Pregnant women were admitted to the Screening at random

without pre-selection, as 458/547 (83.7%) of them took
medicines. Most often these were magnesium, folic acid and
iron (58%), as well as some other drugs given to individual
pregnant women in order to preserve the pregnancy and bring
it to a successful conclusion - spasmolytics, progestins,
anticoagulants and  antiagregants.  Substitution  with
Levothyroxine or thyrostatic treatment for a known thyroid
disease was found in 77 (14.1%) pregnant women. All
participants were of Caucasians, with no evidence of liver,
kidney disease, or malabsorption.

4. Method

After completing a personal Questionnaire, current weight
and height were measured in each pregnant woman. The
weight before pregnancy was recorded in the Questionnaire.
The body mass index (BMI — kg / m?) before pregnancy was
calculated, as well as that at the time of screening, i.e. during
pregnancy.

4.1. Ultrasound Examination

To determine the thyroid volume, an ultrasound
examination was performed with a Digital Color Doppler
Diagnostic Scanner, C5 Ex (Shenzhen Landwind Medical
Industry, China)., The thyroid volume in mL was calculated
according to the standard formula [17, 18].

4.2. Labolatory Tests

Laboratory analysis of all blood samples was performed in
a Central laboratory on the day of blood sampling in the
morning on an empty stomach. Serum was quantified on a
Cobas e601: TSH analyzer with the ECLIA sandwich method
(reference range 0.27-4.2 mIU / L); free thyroxine (FT4) with
a competitive ECLIA method (reference limits 9.3-17.0 ng /L)
and TPOAb with a competitive ECLIA method (reference
limits<34 IU / mL).

4.3. Statistical Analysis

Analysis was performed using standard SPSS 13.0 for
Windows: descriptive statistics (mean, medians, standard
deviation), correlation analysis and analysis of variance
(ANOVA, post-hoc test - with Bonferroni alpha correction),
using parametrical and non-parametrical methods, including -
Chi-Square Test, Fisher's Exact Test, Kolmogorov-Smirnov,
Shapiro-Wilk Tests, Levene's Test for Equality of Variances,
Student's t-test, Kruskal-Wallis test and Mann-Whitney test. All
quantitative variables were presented as mean with standard
deviation, median or percentage (unless specified otherwise), p
values below 0.05 were accepted as statistically significant.

S. Results
5.1. Role of Age

As can be seen from Table 1, over 63% of the pregnant
women we studied were in the age range of 28-37 years. TSH
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levels were found to be negatively correlated with age,
rho=-0.116. P<0.07 (Spearman's rho).

5.2. Role of Pregnancy Sequence

The sequence of pregnancy in the studied women and its
relationship with the thyroid volume were analyzed. It was
found that 83.3% of women had first and second pregnancies.
The remaining 17% were divided into groups: with third
pregnancy (10.4%), fourth (3.5%), fifth and sixth pregnancy
(1.8%). It turned out that in the first pregnancy the thyroid
gland had the smallest volume, while in a sequence pregnancy
the volume increased. When comparing the thyroid volume
for the group of pregnant women with first pregnancy (n-245,
44.8%) - 8.67+2.23 mL, median 8.35 (minimum 0.26,
maximum 15.33) with the thyroid volume in the remaining
302 (55.2%) pregnant women with sequence of pregnancy -
9.1542.85 mL, median 8.96 (minimum 1.43, maximum 23.04)
we found a significant difference (P<0.01).

Additionally, a relationship between TSH level and
pregnancy sequence and a significant negative correlation
between the two parameters was found, rho=-0.099, P<0.02
(non-parametric correlation analysis of Spearman's rho).

5.3. Role of Reproductive Problems and Unfavorable
Outcome

Reproductive problems were reported by 119 (21.8%)
pregnant women, with a weak correlation with the level of
TSH - rho=0.112, P<0.009 (non-parametric correlation
analysis of Spearman's rho). The Mann-Whitney test also
showed significantly lower TSH levels (P<0.008) in pregnant
women with reproductive problems compared to other studied
women. An unfavorable outcome from a previous pregnancy
was reported by 130 (23.7%) of pregnant women, without any
association with TSH levels.

5.4. Role of Family History of Thyroid Disease

Table 2. Distribution of 112 pregnant women with a family history of thyroid
disease according to the current thyroid functional status.
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abnormalities in the thyroid function, as in 92.8% of cases this
was hypothyroid condition and only in 7.2% - hyperthyroid.

Additional analysis showed that there was a statistically
significant relationship between thyroid function and family
history, P<0.039.

Thyroid disease was diagnosed in 77 (14.1%) pregnant
women before the current pregnancy. 76 (13.9%) pregnant
women received Levothyroxine replacement therapy and one
pregnant woman (0.18%) was treated with thyrostatic.

In the group of pregnant women we studied, the average
level of TSH was 2.77+1.83 mIU / L (percentage 2.5M-0.36;
95" - 5.54; 97.5th - 6.41); Median 2.51 (0.02 - 24.15),
percentiles (2.5™ - 0.36; 95™ - 5.53; 97.5™ - 6.29). The mean
level of FT4 was 11,03+1,93 ng / L (percentage 2.5™ - 7.88;
95™ - 14.54; 97.5™ - 15.11); Median 10.88 (percentage 2.5™ -
7.88; 95" - 14.54; 97.5"- 15.11).

The examined pregnant women were distributed by
trimesters as follows: first - 110 (20.3%), second - 276
(50.4%), third - 161 (29.3%). As expected, TSH levels were
lowest in the first trimester (2.62+1.81 mIU / L) and increased
significantly in the second (2.85+1.64 mIU / L), P<0.004. The
level of TSH in the third trimester (2.73+1.23 mIU / L) was
also significantly higher than in the first (2.62+1.81 mIU / L),
P<0.006. The level of FT4 in the first (12.72+1.87 ng/ L) is
significantly higher compared to the second (10.94+1.79 ng /
L) and third (10.03£1.34 ng / L) trimesters, P<0.0001.

5.5. Role of Body Mass Index (Before and During
Pregnancy)

The distribution of the BMI for the whole group of studied
pregnant women (n-547) is presented in Table 3.

Table 3. Distribution of the studied pregnant women according to the body
mass index.

BMI (kg/m?) Number percentage
<25kg/m’ 383 70
25.00-29.99 kg / m* 109 19.9

>30 kg / m’ 55 10.1

Total 547 100.0

Current thyroid Functional Status  Number Percentage
Subclinical Hypothyroidism 26 232
Clinical Hypothyroidism 1 0.9

Clinical Hyperthyroidism 1 0.9
Euthyroid State 78 69.6

Low FT4 6 54

Total 112 100.0

Family burden of thyroid disease was found in 112 (20.5%)
pregnant women. It was important for us to investigate the
current thyroid functional status in women who reported a
family history of thyroid disease. The following Table 2
presents the functional thyroid characteristics of these 112
pregnant women with a family history. It turned out that
currently 26 (23.2%) pregnant women had hypothyroidism
and two (1.78%) had hyperthyroidism. Thus, in 25% of
women with a family history of thyroid disease there were

The mean BMI before pregnancy for the whole cohort was
23.57+6.9 kg / m* median 22.15 (15.24 - 133.33), at the
screening (i.e. during pregnancy) — 26.15+7.28 kg / m’;
median 25.30 (16.51 - 147.22).

The mean weight before pregnancy for the whole group was
63.68+14.36 kg, and at the screening i.e. during pregnancy
was 70.60+14.50 kg, the absolute difference being 6.92 kg.

It turned out that 31% of pregnant women with normal
weight before pregnancy gained weight and 30% became
overweight and 1% - obese. Pregnant women who were
overweight before pregnancy in 2/3 of the cases remained
overweight, while 35% of them became obese. 98% of the
pregnant women with obesity before pregnancy, remained
obese and 1.8% became overweight, Table 4.

This weight dynamics is significant, P<0.001 (Fisher's
Exact Test).
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Table 4. BMI before pregnancy and changes that occur during pregnancy are presented.

D. P.** number, (%) BMI <25

D. P.** number, (%) BMI D. P.** number, (%) BMI

BMI kg/m® B. P.* number, (%) kg/m’ 25-29.99 kg/m’ >30 kg/m’
<25 383 (70) 264 (68.9) 114 (29.8) 5(1.3)
25-29.99 109 (19.9) 1(0.9) 69 (63.3) 39 (35.8)
>30 55 (10.1) 0 (0) 1(1.8) 54 (98.2)
Total 547 265 (48.5) 184 (33.6) 98 (17.9)

*B. P. - Before pregnancy **D. P. - During pregnancy.

By using Chi-Square Tests a significant relationship
between obesity before pregnancy (BMI > 30 kg / m?) and
current hypothyroid status in screened pregnant women was
established. While in euthyroid pregnant women previous
obesity was present in 8.6% (30 / 350), in hypothyroid
pregnant women it was found in 12.7% (14 / 110), P<0.035. In
other words, BMI before pregnancy is a significant predictor
of hypothyroidism, proven during pregnancy. At the same
time, BMI during pregnancy did not show a relationship with

the thyroid functional state.

The following Table 5 presents the BMI for the group of
pregnant women with hypothyroidism (SCHT and CHT) and
the group of pregnant women in euthyroid status, a total of
494 pregnant women. Pregnant women with euthyroid status
with Levothyroxine replacement therapy were excluded.
Regardless of the thyroid functional state before pregnancy,
BMI increased during pregnancy.

Table 5. Comparison of BMI before and during pregnancy in the groups with hypothyroidism (clinical and subclinical) and in the euthyroid state.

BMI (kg/m2) before pregnancy

BMI (kg/m2) during pregnancy

Thyroid function BMI <25 BMI 25-29.9 BMI >30 BMI <25 BMI 25-29.9 BMI >30
Hypothyroidism, n-144 / number, (%) 107 (74.3) 20 (13.9) 17 (11.8) 76 (52.8) 44 (30.5) 24 (16.7)
Euthyroidism, n-350 / number, (%) 243 (69.4) 77 (22.0) 30 (8.6) 175 (50) 115 (32.8) 60 (17.2)
Total, n-494 / number, (%) 350 (70.8) 97 (19.6) 47 (9.6) 251 (50.8) 159 (32.2) 84 (17.0)

6. Discussion

The assessment of the risk of obstetric problems in pregnant
women with SCHT varies. Many studies have noted that
thyroid dysfunction (clinical or subclinical hypothyroidism or
hyperthyroidism) is associated not only with obstetric
problems for the mother, but also with problems related to the
intellectual and physical development of the child [19-21].
However, there are studies that rule out the influence of
subclinical hypothyroidism on the outcome of pregnancy and
child development [22]. Derakhshan A. et al. (2020), based on
a systematic review of data from 15 cohorts and a
meta-analysis of 48 145 mother-child pairs, concluded that
adequate placental passage of maternal thyroid hormones is
very important for normal fetal growth and development [24].

The distinctions are due to differences in the characteristics
of the studied population - age, sequence of pregnancy, BMI,
smoking. All of these population characteristics are important
determinants of human chorionic gonadotropin (hCQ) in early
pregnancy [25]. This hormone is associated with early and
strong thyroid changes during this period in response of the
increased thyroid hormone needs [26]. Human chorionic
gonadotropin is associated with risk of subclinical
hyperthyroidism and hypothyroxinemia, but not with risk of
subclinical hypothyroidism [27].

It is a well-known fact that the level of TSH increases with
age, as does the frequency of TPOAb (+) [28]. In developed
countries, the incidence of thyroid diseases increases with the
age of women. They are also very common in women of
reproductive age, with clinically evident hypothyroidism and
hyperthyroidism occurring in 3-4% of the population, and

SCHT reaching 10% [28].

In Bulgaria, two national population screenings of people
aged of 20-80 years (the first screening with 2402, the second -
with 2032 people) were conducted, with gender distribution
according to the National Statistical Institute data from the
respective years — December 2005 and February 2011 [29, 30].
Each screening also included thyroid pathology - hormonal
level, thyroid antibodies, ultrasonography. Comparison of data
from the two screenings showed an increase in the incidence
of hypothyroidism from 6.33% in 2006 to 10.7% in 2012.
There is probably an increase in the absolute number of people
with hypothyroidism, but the improved diagnosis is also very
impressive. It turned out that in 2006 in 65% of cases there
was newly diagnosed hypothyroidism, and in 2012 - only 44%.
There was a clear increase in the incidence of hypothyroidism
with age - 20-44 years - 3.9%, 45-59 years - 6.7%, > 60 years -
10.9%. According to the latest population data from 2012, the
incidence of hyperthyroidism is 3.93% (known - 0.6%),
hypothyroidism - 10.7% (known 6%) [31].

The medical community has always been very interested in
thyroid disease in the population of pregnant women due to its
extreme importance in this period of a woman's life. Nathan N,
Sullivan SD (2014) summarizes in their study that this is a
very common disorder in women of reproductive age, with
clinically evident hypothyroidism and hyperthyroidism
occurring in 3-4% of the population, and SCHT reaching 10%
[32]. In our material of 547 pregnant women it was found that
27.6% (n-151) of them had a disorder in thyroid function -
Subclinical hypothyroidism — 110 (20.1%), Clinical
hypothyroidism — 34 (6.2%), Subclinical hyperthyroidism — 5
(0.9%), Clinical hyperthyroidism — 2 (0.4%). The goal of our
project was to study the real status of urinary iodine
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concentration, TPOAb, thyroid hormones in Bulgarian
population of pregnant women. It should be noted that optimal
level of iodide was found in the study population, judging by
the median urinary iodine concentration (mUIC) for the whole
group of pregnant women (n-537) - 170 pg / L (95% CI
161.00-177.00), which is a condition for the accuracy of the
measured hormone levels in the studied population [33, 34]. A
connection between thyroid dysfunction and the influence of
additional factors, such as age, family thyroid burden, weight,
which were subject of the present study, was also sought.

We demonstrated a significant correlation of TSH with age
in pregnant women, similar to that of the general population.
As can be seen in Table 1, over 63% of the surveyed pregnant
women were between the ages of 28-37. Only 27% of
pregnant women were in the 20-27 age range, while the
remaining Bulgarian women became pregnant when they
were older. This is a very important issue due to the
relationship between obstetric complications and thyroid
function, as found in a meta-analysis of P. M. Sheehan et al.
(2015), who showed a slight increase in preterm birth in
SCHT and a significant increase in CHT, P<0.001 [35].

On the other hand, fertility problems are also closely related
to the functional status of the thyroid gland. The authors of the
Danish population study Feldthusen A-D. et al (2015) on more
than 11 000 pregnant women with SCHT concluded that as
TSH rises, fewer children are born and fewer pregnancies
occur. At a higher level of TPOAb (+) - a smaller number of
children are born. SCHT is associated with an older age for the
birth of the first child, with the risk of having no children or
not becoming pregnant [36].

In addition, two facts should be noted. The sequence of
pregnancies is significantly negatively related to the level of
TSH (P<0.02), and the family history in 25% of pregnant
women is an important factor. In these pregnant women in
92.8% of cases there is a hypothyroid condition and only in
7.2% - hyperthyroid. These facts mean that these groups of
pregnant women must be tested for thyroid disorders.

Body mass index (BMI) is one of the main characteristics of
the population related to the serum parameters of the thyroid
gland [37, 38]. BMI is associated with TSH and FT4 during
pregnancy. There are authors who found that the 95
percentile of TSH is 3.50 mU / L among women with a BMI of
30 kg / m’ versus 2.86 mU / L among women with a BMI of 20
kg / m?® [36]. This is exactly what we specified in the ATA
Recommendations from 2011 - to conduct screening for
thyroid disease in obese pregnant women [4].

In our material, this connection has been proven
unequivocally. While in euthyroid pregnant women previous
obesity was present in 8.6% (30 / 350), in hypothyroid
pregnant women it was found in 12.7% (14 / 110), P<0.035
(Fisher's Exact Test). In other words, BMI before pregnancy is
a significant predictor of hypothyroidism, proven during
pregnancy. At the same time, BMI during pregnancy did not
show a relationship with the thyroid functional state.

It was found that the BMI on average for the group examined
before pregnancy was 23.36+5.05 kg / m’, median 22.06
(minimum 15.24, maximum 63.25), and during pregnancy at
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the time of screening - 25.91+5.11 kg / m’, median 25.26
(minimum 16.51, maximum 63.25), (T-6.793, P<0.001). The
mean increase in BMI for the two study periods was 2.46+2.05
kg / m?, median 2.09 (minimum - 3.29, maximum - 13.89). The
additional McNemar-Bowker test showed a significant change
in BMI at the time of screening compared to BMI before
pregnancy, P<0.014. This McNemar-Bowker test actually
shows that the observed changes are not accidental and are
expected to be similar in the sampled population.

7. Conclusion

The preliminary in-depth study and presentation of the
characteristics of the studied Bulgarian population of pregnant
women is the basis for a proper assessment of the condition of
the thyroid gland. The role of age, sequence of pregnancy,
family history of thyroid disease, reproductive problems, body
mass index is indisputable. Pregnant women over 30 years of
age who are overweight or obese and have a family history of
thyroid disease, sequent pregnancy or reproductive problems
should be examined in order to determine their thyroid status.
An extremely important first step should be verbal screening,
which will help us find suitable pregnant women for this
screening.

These conclusions need to be confirmed in a follow-up
study because this project was a cross-sectional study. More
long-term follow-up studies are needed to investigate better
the influence of certain factors on thyroid function during
pregnancy and especially after birth. The postpartum period is
also extremely vulnerable to thyroid autoimmunity, in which a
rise is usually observed. This early postpartum period should
be strictly monitored to obtain very useful data about the
long-term role of the studied factors.
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