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Abstract: Gestational hypothyroidism affects the maturation and function of the beta cell, which can influence glucose
metabolism. The aim of the study is to investigate the relationship between Hypothyroidism and Hyperglycemia in Bulgarian
pregnant women and to look for the influence of various factors on the manifestation of each of these diseases separately, as well
as their role in cases of simultaneous combination of the two diseases. Material: We studied 547 pregnant women, mean 30+5
years. The cross-sectional population-based multicenter study was conducted in 84 Bulgarian towns and villages. Pregnant
women were divided into 4 groups according to the presence or absence of Diabetes (Diab) resp. Hypothyroidism (Thyr): Group
0—62.7% (n-343) — without Thyr or Diab; Group 1 —22.9% (n-125) — Thyr; Group 2 — 11% (n-60) — Diab; Group 3 —3.5% (n-19)
— with Thyr and Diab. Methods: Fasting morning venous blood (TSH, FT4 - determined by ECLIA method) and fresh morning
urine sample (to determine urine iodine concentration - UIC) was taken. A two-hour, 75 g oral glucose tolerance test (OGTT) was
performed. The peripheral levels of 25(OH)D were tested using a standard assay in a central laboratory on the day of the
sampling. The statistical analysis was conducted using standard SPSS 13.0 for Windows. Results: Group 2 were the oldest and
Group 1 - the youngest, P<0.001. Group 2 as well as Group 3 had significantly higher BMI compared to Group 0 and Group 1,
P<0.0001 / P<0.016. In Group 1 thyroid pathology had manifested itself earlier in the course of pregnancy, while in Group 2
dysglycemia occurred later, P<(0.029 as well as for group 3, P<0.004. There was a significant negative correlation between
25(0OH)D with level of fasting plasma glycemia - P<0.004, and at 120 minute of OGTT, P<0.003. In the group of pregnant
women with Hyperglycaemia (n-79), deficiency of UIC (<150 pg/ L) was reported in 45.6%, and twice more frequently artificial
excess in the UIC level (>500 pg / L), compared with the Group with Normoglycemia (n-368). Conclusion: All international
guidelines specifically emphasize the main risk factors when pregnant women should be screened for early detection of major
endocrine diseases. However, the role of some additional factors, such as deficiency of 25(OH)D and iodine, should not be
underestimated.
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percentage of the world's population [1, 2]. Both diseases
develop due to some genetic and external environmental
factors, affecting metabolism [3, 4]. Pregnancy causes
important metabolic and hormonal modifications. Gestational
diabetes (GDM) occurs in about 13% of the pregnant women.

1. Introduction

Type 2 diabetes mellitus (T2D) and Hypothyroidism are
two major socially significant diseases that affect a large
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The increased necessity of thyroid hormones leads to
Hypothyroidism in 2 - 2.5% of the pregnant women according
to Lazarus JH (2014). 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 [5-7].

Hypothyroidism is one of the most common endocrine
diseases during pregnancy, mainly associated with dietary
iodine deficiency, especially in countries with low gross
domestic product. With the onset of gestation, the level of
thyroid hormones is modulated, which may affect the
development of pancreatic beta-cells [3]. Several studies have
examined the role of thyroid hormones in the development
and maturation of pancreatic beta-cells [8]. Thus, the studies
of Kemkem Y. et al. (2020) found out that Gestational
hypothyroidism affects beta-cell maturation and function,
which can affect glucose metabolism. Long lasting
hypothyroidism can cause long-term damage to endocrine
pancreatic function and development of T2D in the affected
individual [9, 10]. After a two-year follow-up of a group of
T2D patients, P. Ramulu, et al. (2016) found that 13%
developed Subclinical Hypothyroidism (SCHT) during this
period and none had Subclinical Hyperthyroidism. This
process develops mainly in women [11].

The aim of the present study is to investigate the
relationship between Hypothyroidism and Hyperglycemia in
Bulgarian pregnant women and to look for the influence of
various factors on the manifestation of each of these diseases
separately, as well as their role in cases of simultaneous
presence of both diseases - Hypothyroidism and
Hyperglycemia.

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,
630 were invited to participate, and 547 (86.8%) responded.

3. Material

We studied 547 pregnant women, mean age 3045 years,
median - 30 (18-47), divided into age groups - 40% (28 - 32
years), 23.4% (33 - 37 years), 21% (23 - 27 years), 8.4% (38 -
42 years, 6% (18 - 22 years) and 1.1% (43 - 47 years). The
examined pregnant women were also distributed by trimesters
resp. gestational week (g.w.) as follows: first - 110 (20.1%) —up
to 12 g.w, second - 276 (50.5%) — 13-24 g.w, third - 161 (29.4%)

— after 24 g.w. The pregnant women were divided into three
groups according to criteria for deficiency, insufficiency and
sufficiency in the level of 25(OH)D, accepted by our country
and the international organisations. In a previous
population-based study, using adaptive regression analysis of
the effect of 25(OH)D on PTH levels, we defined a cut-off
value for hypovitaminosis D of 20 ng / mL (50 nmol / L) for the
whole population [12]. This project had to determine both
vitamin D deficiency among Bulgarian population and its
connection with gender and age. Levels below 10 ng / mL (25
nmol / L) were referred to as severe deficit, 10 - 20 ng/mL (25 -
50 nmol / L) — a deficit similar to the criteria adopted at the
Conference on this topic in Eibsee, Germany in 2012 [13]. In
our current study we accepted sufficiency level above 30 ng/mL
(75 nmol / L) and introduced additional degree of vitamin D
insufficiency — between 20 and 30 ng/mL (50-75 nmol / L),
based on the IOM recommendations and Endocrine Society
clinical practice guideline [14, 15]. Whereas, the IOM
recommendations define sufficiency as vitamin levels above 50
nmol / L (20 ng / mL), the second guidelines suggest levels
above 75 nmol / L (30 ng / mL), and both recommendations are
in agreement with other expert opinions in the field [16, 17],
that the optimum levels of vitamin D should be 75 — 125 nmol /
L (=30 ng/ mL) in order to preserve bone health. The latter is
crucial during pregnancy for the formation of the fetal skeleton.
Therefore, in pregnant women we suggest the following
categories of 25(OH)D levels: Deficiency:<20 ng / mlL,
Insufficiency: 20 - 30 ng / mL, Sufficiency:>30 ng / mL.

All participants signed informed consent, approved by the
local Ethics Commission at Sofiamed University Hospital,
Sofia University “Saint Kliment Ohridski”, in conformity with
the ethical standards of the Helsinki-1964 Declaration and its
later additions [18]. 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 collect data on
pregnancy history, intake of combined vitamins and 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. 458/547
(83.7%) of them took medicines, mainly 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 outcome - spasmolytics, progestins,
anticoagulants and antiagregants. Seventy-seven (14.1%)
pregnant women took Levothyroxine or received thyrostatic
treatment for established thyroid disease. All participants were
Caucasians, with no evidence of liver, kidney disease, or
malabsorption.

4. Methods

4.1. The Weight and Height, BMI — Before and During
Pregnancy; Arterial Pressure

After completing a personal Questionnaire, the current
weight and height of each pregnant woman were measured.
The weight before pregnancy was written in the
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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. At addition arterial blood
pressure was measured in sitting position after a 5S-minute rest.

4.2. Labolatory Tests

4.2.1. TSH, FT4

Laboratory analysis of all blood samples was performed in a
Central laboratory on the day of the blood sampling taken in the
morning on 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).

4.2.2. OGTT
A two-hour, 75 g oral glucose tolerance test was performed.
Venous blood at 0, 60 and 120 minute was taken in plasma
tubes, containing Na2EDTA and NaF, as inhibitor of
glycolysis for stabilizing glucose in the samples. After
centrifugation the samples were transported to the laboratory.
All of the samples were analysed in a central laboratory on the
day of the blood sampling. Glucose was quantitatively
determined using enzymatic reference method with
hexokinase (Roche reagent) on Cobas e501 analyzer. The
results were in mmol / L.
Established accuracy using human samples and controls:
1) Intra assay: Level 1 (n=6) CV=1.12%; Level 2 (n=6)
CV=0.42%
2) Inter assay: Level 1 (n=30) CV=1.25%; Level 2 (n=30)
CV=1.58%
Two levels intralaboratory quality control was performed
daily.

4.2.3. 25(0OH)D

Morning blood sample was taken from the cubital vein and
the total levels of 25(OH)D were determined using standard
Electro Chemyluminescence Immuno Assay (Competition
ECLIA method on Cobas 601 analyzer) in a central laboratory
on the day of the sampling. Serum tubes containing separating
gel were used. The samples were transported to the lab after
centrifugation. The results are determined via a calibration
curve in ng / mL. Two levels Intralaboratory quality control
was performed daily. The Laboratory participates in two EQA
systems — Bulgarian EQAS and INSTAND and has
certificates for this parameter.

4.2.4. Urinary lodine Concentration

Urinary iodine concentration was determined. The pregnant
women gave a single portion of the morning fresh midstream
urine ~20 ml using clean plastic cups to test iodine. The samples
were immediately transported at room temperature in neutral
monocuvets to the Central Laboratory (for transport shorter than
8 hours, they were transported at room temperature, which did
not influence their quality and the aliquots of all urine samples
were frozen at -20° until analysis. The next day the frozen
samples were transported in special containers to accredited
Limbach laboratory in Heidelberg, Germany. The analysis was
performed using the accredited inductively coupled plasma mass

spectrometry (ICP-MS) method with the following characteristic:
linearity in the range of 0 —4000 pg / L, precision in the series at
304 mcg / L RSD 0.8%, inter-assay SNU=304 pg /L, 15 shifts,
RSD 4.5%; accuracy percentage deviation from adjusted
nominal value of the certified reference material SeronormTM
Trace Elements urine (SNU) (304 pg / L): 4.0% (data set=4x12),
recovery 104%. The results are presented in pg/ L.

The Laboratory participates in two EQA systems —
Bulgarian EQAS and INSTAND and has certificates for this
parameter.

4.3. The 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.

5. Results

The analysis of the whole group of pregnant women (n-547)
showed that the average level of TSH was 2.77+1.84 mIU / L.
In the group with Hyperglycemia (n-79) it was 2.56+1.21 mIU
/L, and in the group with Normoglycemia (n-468) - 2.80+1.92
mlU /L, NS.

In women with normal thyroid function (n-350), the
incidence of Hyperglycemia was 13.1% (46/350). It is
noteworthy that in cases of SCHT (n-110) only 4.5% (5/110)
of pregnant women have Hyperglycemia. This percentage is
about 9 times higher in pregnant women with Clinical
Hypothyroidism (CHT) - 41.2% (14/34), who also have
Hyperglycemia (NS).

The analysis in the group of pregnant women with
Hyperglycemia (n-79) again shows a connection between
these two indicators - in 6.3% (5/79) there is also SCHT and in
17.7% (14/79) - and CHT (NS). The distribution of the 547
pregnant women screened in terms of the frequency of two of
the main endocrine disorders in this period of a woman's life -
Hypothyroidism and Hyperglycemia, is presented in Table 1.

Table 1. Incidence of cases with Hyperglycemia-alone, Hypothyroidism-alone,
as well as both diseases simultaneously or without them for the whole group
of 547 pregnant women.

Disease number percentage
Hyperglycemia 79 14.4
Hypothyroidism 144 26.3
Hyperglycemia and Hypothyroidism 19 3.5

Without Hypothyroidism and Without Hyperglycemia 343 55.8

Total 547 100

Thus, it can be summarized that 24% (19/79) of the pregnant
women with Hyperglycemia had both Hyperglycemia and
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Hypothyroidism, while the remaining 76% (60/79) - had only
Hyperglycemia. Moreover, 13.2% (19/144) of the pregnant
women with Hypothyroidism had both Hypothyroidism and
Hyperglycemia, and the remaining 86.8% (125/144) — had only
Hypothyroidism.

On this basis, four groups were formed for detailed analysis

- Group 0 (without Hypothyroidism and without
Hyperglycemia), Group 1 (Hypothyroidism), Group 2
(Hyperglycemia), Group 3 (with Hypothyroidism and

Hyperglycemia), table 2. To simplify the names in the analysis,
the abbreviations for Hypothyroidism - Thyr and for
Hyperglycemia — Diab, were used.

Table 2. Distribution of cases with a single disease (Hypothyroidism or Hyperglycemia), with combination of the two diseases or without either of the studied

diseases.
Group Number (%) Hypothyroidism Hyperglycemia
Group 0 (without Thyr and Diab), n-343 (62.7) No No
Group 1 (Thyr), n-125 (22.9) Yes No
Group 2 (Diab), n-60 (11.0) No Yes
Group 3 (Thyr and Diab), n-19 (3.5) Yes Yes

Total, n-547 (100)

Table 3. Age distribution of pregnant women in the four groups.

Groups Mean+SD Median (min-max)
Group 0 (without Thyr and Diab), n-343 30.4244.88%* 30 (18-47)
Group 1 (Thyr), n-125 29.61+5.47* 29 (18-43)
Group 2 (Diab), n-60 32.9245.37*/** 33 (23-45)
Group 3 (Thyr and Diab), n-19 29.84+4.22 31 (20-36)
Total, n-547 30.00+5.00 30 (18-47)

*P<0.001, **P<0.003

The role of different factors for the frequency of the two
diseases separately (Group 1 and Group 2), as well as their
manifestation together (Group 3) was studied. The control
group was Group 0, in which neither of the two diseases were
present.

5.1. Age

Table 3 presents the age distribution in the four groups -
mean+SD, median (min-max).

Group 2 (Diab) were the oldest and Group 1 (Thyr) are the
youngest (P<0.001),

Group 2 (Diab) were older than Group 0 (without Thyr and

Diab), P<0.003.
5.2. Body Mass Index (Before and During Pregnancy)

5.2.1. Body Mass Index Before Pregnancy

After analyzing the Body Mass Index (BMI) before
pregnancy according to the mean ranks (Mann-Whitney test)
of the different groups, it was found that Group 2 (Diab) had
significantly higher BMI compared to Group 0 (without Thyr
and Diab) - 268.58 vs 190.35, P<0.0001, and to Group 1 (Thyr)
- 119.89 vs 80.09, P<0.0001. This indicator for Group 3 (Thyr
and Diab) did not differ from the other three groups, Table 4.

Table 4. Distribution according to BMI before pregnancy of the four groups of pregnant women.

Groups Mean+SD Median (min-max)
Group 0 (without Thyr and Diab), n-343 22.984+4.58%* 21.8 (15.6-50)
Groupl (Thyr), n-125 22.66+4.55%* 21.3 (15.2-36.8)
Group 2 (Diab), n-60 26.70+7.09%*/** 25.6 (18.2-63.2)
Group 3 (Thyr and Diab), n-19 24.20+4.71 23.8 (18.7-33.5)
Total, n-547 23.36+5.05 22.1(15.2-63.2)

*P<0.0001, **P<0.0001

5.2.2. BMI During Pregnancy

The analysis of BMI during pregnancy according to the
mean ranks (Mann-Whitney test) of the different groups
showed that Group 2 (Diab) had a significantly higher BMI
compared to Group 0 (without Thyr and Diab) - 279.23 v.s.

188.49, P<0.0001, and to Group 1 (Thyr) - 121.75 v.s. 79.20,
P<0.0001. There was also a significant difference between
Group 3 (Thyr and Diab) and Group 1 (Thyr) - 93.79 v.s. 69.26,
P<0.016, as well as Group 0 (without Thyr and Diab) - 238.34
v.s. 178.35, P<0.016, Table 5.

Table 5. Distribution of the four groups of pregnant women according to BMI during pregnancy.

Groups Mean+SD Median (min-max)
Group 0 (without Thyr and Diab), n-343 25.4344.64%/** 24.7 (16.5-49.2)
Group 1 (Thyr), n-125 25.134.71%/** 24.4(17.6-37.2)
Group 2 (Diab), n-60 29.75+6.76* 28.3 (20.4-63.2)
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Groups Mean+SD Median (min-max)
Group 3 (Thyr and Diab), n-19 27.69+4.14** 27.2 (21.2-36)
Total, n-547 25.91+5.11 25.2 (16.5-63.2)

*P<0.0001, **P<0.016

5.3. Family History of Diabetes and / or Thyroid Disease
5.3.1. Family with Diabetes

In the study group of 547 pregnant women, a family history

of diabetes was found in 15.7% (86/547) of them.

Table 6 shows the family history of Diabetes in the four groups.
There is more than 5 times higher frequency in Group 2 (Diab)
versus Group 1 (Thyr) - 36.7% (22/60) versus 6.4% (8/125)), NS.

Table 6. Frequency of family burden of Diabetes in the four groups of pregnant women.

Groups

With Family History (number,%)

Without Family History (number, %)

Group 0 (without Thyr and Diab), n-343 55 (16) 288 (84)
Group 1 (Thyr), n-125 8(6.4) 117 (93.6)
Group 2 (Diab), n-60 22 (36.7) 38(63.3)
Group 3 (Thyr and Diab), n-19 1(5.3) 18 (94.7)
Total, n-547 86 (15.7) 461 (84.3)

The only one case of a family history of diabetes in Group 3
(Thyr and Diab) gives us reason to believe that family history
is not a significant factor in these combined cases.

5.3.2. Family with Thyroid Disease
In the study group of 547 pregnant women, a family history

of Thyroid disease was found in 20.5% (112/547) of them.

Table 7 presents the distribution of this factor in the four
groups of pregnant women. The family burden of Thyroid
disease was twice as common as in Group 1 (Thyr) compared
to Group 2 (Diab) - 20% (25/125) versus 10% (6/60), NS.

Table 7. Frequency of family burden of Thyroid disease in all four groups of pregnant women.

Groups With Family History (number, (%) Without Family History (number, (%)
Group 0 (Without Thyr and Diab), n-343 79 (23.1) 264 (76.9)

Group 1 (Thyr), n-125 25(20.0) 100 (80.0)

Group 2 (Diab), n-60 6 (10.0) 54 (90.0)

Group 3 (Thyr and Diab), n-19 2 (10.5) 17 (89.5)

Total, n-547 112 (20.5) 434 (79.5)

There were only two cases of family history of thyroid
disease in Group 3 (Thyr and Diab) - 1.8%, which shows that
family history is not a major risk factor when both diseases are
present.

5.3.3. Family Burden with Both Diabetes and Thyroid
Disease
It turned out that 2.55% (14/547) of the pregnant women had
family history of both Thyroid disease and Diabetes. Table 8

shows the distribution of these 14 cases in the four groups.
Within the group of 14 pregnant women with family history
of both diseases, the ratios are as follows: one (7.1%) pregnant
woman is in Group 1 (Thyr), two (14.3%) pregnant women are
in Group 2 (Diab) and the remaining eleven (78.6%) women
are in Group 0 (without Thyr and Diab). There is no case of
simultaneous family burden in Group 3 (Thyr and Diab).

Table 8. Frequency of family history of Thyroid Disease and Diabetes for each of the four groups of pregnant women.

Groups With Family History (number, (%) Without Family History (number, (%)
Group 0 (without Thyr and Diab), n-343 11 (3.2) 332 (96.8)

Group 1 (Thyr), n-125 1(0.8) 124 (99.2)

Group 2 (Diab), n-60 2(3.3) 58 (96.7)

Group 3 (Thyr and Diab), n-19 0(0) 19 (100)

Total, n-547 14 (2.6) 533 (97.4)

5.4. Term of Pregnancy - Gestational Week

An assessment was made of the duration of the respective
disorder in the four groups according to their mean gestational
week (g.w.) - Table 9. In Group 1 (Thyr) thyroid dysfunction
appeared significantly earlier in the course of pregnancy,
taking into account the mean ranks (Mann-Whitney test)
compared to Group 0 (without Thyr and Diab) - 212.78 vs
242.42, P<0.035. The opposite is observed in Group 2 (Diab),

in which the metabolic disorder manifested itself significantly
later in the course of pregnancy compared to the same Group 0
(without Thyr and Diab) - mean ranks according to
(Mann-Whitney test) 232.13 v.s. 196.73, P<0.029. A direct
comparison between Group 1 (Thyr) and Group 2 (Diab)
again showed earlier onset of thyroid pathology during
pregnancy compared to Diabetes - mean rank (Mann-Whitney
test) - 84.02 v.s. 111.71, P<0.029.

In Group 3 (Thyr and Diab) hormonal disorders appeared
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much later in the course of pregnancy in comparison with
Group 1 (Thyr) - mean ranks 97.92 v.s. 68.64, P<0.004, but
the metabolic disorders were identical with Group 2 (Diab), i.e.

later in the course of pregnancy hormonal and metabolic
disorders developed simultaneously - 41.87 v.s. 39.41, NS.

Table 9. Term for the manifestation of diseases during pregnancy in the four groups of pregnant women (by g.w.).

Groups mean+SD (g.w.) Median (min-max)
Group 0 (without Thyr and Diab), n-343 22.1748.25%/** 23 (6-38)
Group 1 (Thyr), n-125 20.43£8.1 5% /% *** 20 (6-40)
Group 2 (Diab), n-60 24.65+7.78** 26 (9-37)
Group 3 (Thyr and Diab), n-19 25.79+7.87*** 25 (6-37)
Total, n-547 22.17+8.25 22 (6-40)

*P<0.035; **P<0.029; ***P<0.004

5.5. Reproductive Problems and Adverse Outcome of
Pregnancy

Reproductive problems were found in 21.7% (119/547) of

the pregnant women, which were distributed as follows: 20.2%

(24/119) of the pregnant women from Group 1 (Thyr), 16.8%
(20/119) - from Group 2 (Diab) and 2.5% (3/119) of the
women from Group 3 (Thyr and Diab), NS. If we look at the
frequency within the groups themselves, similar results will be

found - Group 1 (Thyr) 19.2% (24/125), Group 2 (Diab) 33.3%

(20/60) and Group 3 (Thyr and Diab) 15.8% 3/19) - NS, with
the highest incidence of this risk factor for Diabetes.

An unfavorable outcome of a previous pregnancy was
reported by 23.7% (130/547) of the pregnant women,
distributed as follows: 20.8% (27/130) of the pregnant women
from Group 1 (Thyr), 14.6% (19/130) - from Group 2 (Diab)
and 3.1% (4/130) from Group 3 (Thyr and Diab) - NS. If we
consider the frequency within the groups, a similar ratio will
be established - Group 1 (Thyr) 21.6% (27/127), Group 2
(Diab) 31.7% (19/60) and Group 3 (Thyr and Diab) 21%
(4/19). Again, this risk factor appears to have the highest
incidence in Diabetes.

5.6. High Arterial Blood Pressure During Pregnancy

High arterial bood pressure (AH) was found in 2.4%
(13/547) of the pregnant women during their current
pregnancy. It turned out that these were 38.5% (5/13) of the
women in Group 2 (Diab) and 61.5% (8/13) of the women in
Group 0 (without Thyr and Diab). If these two groups are
analyzed, the incidence of AH during pregnancy in Group 2
(Diab) will be established in 8.3% (5/60) against 2.3% (8/343)
in Group 0 (without Thyr and Diab), NS. Despite the lack of
significance due to the very small number of cases, apparently
the incidence of AH in Diabetes is higher than in the absence
of both diseases (Group 0). Even more important is the
correlation found between AH during pregnancy and
Hyperglycemia, P<0.013.

5.7. Vitamin D

The whole group of pregnant women studied (n-547) had a
mean value of 25(OH)D 25.864+9.46 ng / mL; median 24.51
(7.96-70.00), i.e. there was insuficiency in all four subgroups,
Table 10.

Table 10. Mean level and median of vitamin D - in the whole group and in the four subgroups of pregnant women.

Groups Mean+SD Median (min-max)

Group 0 (without Thyr and Diab), n-343 26.64+9.82* 25 (7.9-70)

Group 1 (Thyr), n-125 23.83+8.62* 22.5(9.3-47.6)

Group 2 (Diab), n-60 26.33+9.11 24.24 (12.8-60)

Group 3 (Thyr and Diab), n-19 23.64+7.22 21.14 (14-47)

Total, n-547 25.86+9.45 24.51 (8-70)
*P<0.006

Significant difference was found - 245.1 v.s. 205.4, P<0.006.
after comparing the mean ranks of Group 0 (without Thyr and
Diab) and Group 1 (Thyr). The value of 25(OH)D was even
lower in Group 3 (Thyr and Diab), but the small number of
cases in it does not allow to establish significant difference
with Group 0 (without Thyr and Diab).

According to the presented criteria for determining
Sufficiency, Insufficiency and Deficiency of 25(OH)D, the
frequency was determined for each of these categories in the
whole group of 547 pregnant women. It was found that
deficiency was present in 150 (27.4%) pregnant women,
Insufficiency - in 252 (46.1%) pregnant women and

sufficiency only in 145 (26.5%) pregnant women. The
analysis showed that a level of 25(OH)D>30 ng / mL i.e.
Sufficiency is twice as rare as in Group 3 (Thyr and Diab) -
only in 10.5% (2/19) of the pregnant women in it against 24%
(30/125) in Group 1 (Thyr), 23.3% (14/60) in Group 2 (Diab)
and 28.9% (99/343) in Group 0 (without Thyr and Diab). The
differences are not significant due to the very small number
of pregnant women in Group 3 (Thyr and Diab). The
opposite is true when assessing the frequency of deficiency +
insufficiency of 25(OH)D in the 4 subgroups, namely: the
highest frequency is in Group 3 (Thyr and Diab) - 89.5%
(17/19) of pregnant women in it against 76.8% (46/60) in



International Journal of Diabetes and Endocrinology 2021; 6(3): 114-124 120

Group 2 (Diab) resp. 76% (95/125) in Group 1 (Thyr) and
71.1% (244/343) in Group 0 (without Thyr and Diab).

5.8. Urine Iodine Concentration

First of all, we must point out that pregnant women in
Bulgaria have an optimal level of median urinary iodine
concentration (mUIC) of 170 pg/ L (95% CI: 161.00 - 177.00)
according to our previous study of the same population in
2019 [19]. The studied 547 pregnant women were divided
according to the generally accepted criteria for UIC level
(deficiency, optimal, over-optimal) into 3 groups, which are
presented in Table 11.

Table 11. Pregnant women with deficiency, optimal and over-optimal level of
UIC.

Level of UIC Number (Percentage)
Deficiency < 150 pg/L 221 (40.4)
Optimal level 150-249 pg/L 211 (38.6)
Over-optimal level > 250 pg/L 105 (19.2)
Artificial excess>500 pg/L 10 (1.8)
Total 547 (100)
547 pregnant women from the two groups with
Hyperglycemia and Normoglycemia were distributed

according to UIC level. This is presented in Table 12.

Table 12. Frequency of Deficiency, Optimal and Over-optimal level according to UIC in pregnant women with Hyperglycemia and Normoglycemia.

Level of UIC

Hyper-glycemia (Number, %)

Normo-glycemia (Number, %) Total (Number, %)

Deficiency < 150 pg/L 36 (45.6%)

Optimal 150-249 pg/L 24 (30.4%)
Over-Optimal 250-499 ug/L 16 (20.3)
Artificial excess > 500 pg/L 3 (3.8%)
Total 79 (100)

185 (39.5) 221 (40.4)
187 (40.0) 211 (38.6)
89 (19.0) 105 (19.2)
7 (1.5%) 10 (1.8)
468 (100) 547

According to the data from the Questionnaire 51.2%
(280/547) of the pregnant women took combined vitamins
with minerals (including iodine) while the remaining 48.8%
(267/547) — did not. Only half of the women in the group with
Hyperglycemia, took combined vitamins with minerals.
Therefore, the intake of vitamins and minerals is not
connected with the development of dysglycemia, as only half
of the women in the group with Normoglycemia also took
vitamins and the rest of them - did not.

6. Discussion

It should be noted that when analyzing the prevalence of
diabetes and thyroid dysfunction of the studied population,
age, weight, family burden, concomitant diseases and some
social factors played an important role [1, 2]. In our study we
were very impressed by the fact that while the incidence of
Hyperglycemia in the group of pregnant women with SCHT
was 4.5%, in the group with CHT this frequency increased 9
times and became 41.2%. In spite of this, due to the small
number of cases in the subgroups, this fact underscored the
relationship between the two diseases. Meanwhile, Forhead
AlJ. et al. (2014) concluded that during pregnancy, maternal
Hypothyroidism affects glucose metabolism, as well as
slowing down fetal growth, impairing maturation of the
cardiovascular and nervous systems, and the bones [20].

Interesting are the data from the analysis of The Fremantle
Diabetes Study Phase II by Kirsten E. Peters et al (2020), a
four-year study of diabetics (T2D-87%, T1D-8% and latent
autoimmune LADA-5%). It turned out that 3.4% of the
women developed SCHT, 0.2% - CHT and 0.5% - Subclinical
hyperthyroidism. There were no significant differences
between the types of diabetes. These data support the need for
periodic screening for thyroid dysfunction in diabetics [21]. In
our material, 24% (19/79) of the pregnant women with
Hyperglycemia had both Hyperglycemia and Hypothyroidism,

while 13.2% (19/144) of those with Hypothyroidism had
Hypothyroidism and Hyperglycemia. It was these 19 pregnant
women that we put in a separate Group 3 (Thyr and Diab),
trying to determine the factors that led to this situation of
double morbidity.

One of the main risk factors for both Hypothyroidism and
Diabetes is age. It is a well-known fact that the incidence of
both Diabetes and Hypothyroidism increases with age [22,
23].

It was demonstrated that the women in Group 2 (Diab) were
significantly older than in Group 1 (Thyr) and Group 0
(without Thyr and Diab) - 32.92+5.37 y vs. 29.61£5.47 vy,
P<0.0001 resp. 32.92+5.37 y vs. 30.42+4.88 y, P<0.003. At
the same time, the age of the pregnant women in Group 3
(Thyr and Diab) did not differ significantly from that of the
other groups.

The weight of the pregnant women, assessed by BMI, is
also a significant risk factor for both diseases. We proved this
with the present study. An analysis of BMI before pregnancy
showed that Group 2 (Diab) had a significantly higher BMI
compared to Group 0 (without Thyr and Diab), P<0.0001, and
Group 1 (Thyr), P<0.0001. As for the pregnant women in
Group 3 (Thyr and Diab) no significant difference was
demonstrated.

It turned out that BMI during pregnancy is actually the most
powerful risk factor. Pregnant women from Group 2 (Diab)
again had the highest BMI versus Group 1 (Thyr) - P<0.0001
and Group 0 (without Thyr and Diab) - P<0.0001. However,
Group 3 (Thyr and Diab), judging by the mean ranks
(Mann-Whitney test), turned out to have a significantly higher
BMI compared to the same two groups - 93.79 v.s. 69.26,
P<0.016 Group 1 (Thyr) resp. 238.34 v.s. 178.35, P<0.016
Group 0 (without Thyr and Diab). At the same time, Group 3
(Thyr and Diab) and Group 2 (Diab) did not show a significant
difference in terms of this indicator, which led us to the
conclusion that high BMI during pregnancy is more closely
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related to Diabetes.

The family burden plays imprtan role in both Diabetes and
Thyroid diseases. However, after examining the role of this
factor in detail, we did not find that it played a significant role
among the pregnant population we studied. Family history of
diabetes in the group of 547 pregnant women was present in
15.7% (86/547) of them, and for thyroid disease - in 20.5%.

It should be pointed out that the incidence of family history
of diabetes in Group 2 (Diab) versus Group 1 (Thyr) is much
higher - 36.7% vs. 6.4% (NS). The same ratio is observed with
regard to the family burden of thyroid diseases - the frequency
is higher in Group 1 (Thyr) against Group 2 (Diab) - 20% vs.
10% (NS). We paid special attention to the family history in
Group 3 (Thyr and Diab). It turned out that only 2.55%
(14/547) of the pregnant women had a double family burden.
The big surprise for us was that only 3 of them had only one
disease - one pregnant woman had only Diabetes and two -
only Hypothyroidism. The other 11 pregnant women had
neither Diabetes nor Hypothyroidism, despite their family
history of both diseases. None of the pregnant women in
Group 3 (Thyr and Diab) had family burden with the two
diseases, which shows unequivocally that family burden is not
a factor for the simultaneous presence of these two diseases.

It turned out that the term of pregnancy played significant
role in determining the time for the expected manifestation of
these diseases during pregnancy. Thyroid disease in Group 1
(Thyr) appeared significantly earlier in pregnancy, taking into
account the mean rank of Mann-Whitney test compared to
Group O (without Thyr and Diab), P<0.035. Conversely,
Diabetes in Group 2 (Diab) occurred significantly later in
pregnancy compared to Group O (without Thyr and Diab),
P<0.029. A direct comparison between Group 1 (Thyr) and
Group 2 (Diab) again showed a significantly earlier onset of
thyroid pathology during pregnancy compared to Diabetes,
P<0.029. Hormonal disorders in pregnant women of Group 3
(Thyr and Diab) appeared significantly later in pregnancy
compared to Group 1 (Thyr), P<0.004, but metabolic
disorders in Group 3 (Thyr and Diab) also appeared later than
those in Group 2 (Diab) - 25.79+£7.87 vs. 24.65+7.78 g.w.
(NS). In fact, the disorders in Group 3 (Thyr and Diab)
appeared at the latest during pregnancy - an average of 25 g.w.
These facts show the connection between the term of
pregnancy (g.w.) and hormonal resp. metabolic disorders that
may occur in combination with other factors in this period of a
woman's life.

Reproductive problems and adverse outcome of
previous pregnancies are known risk factors that usually
accompany hormonal and metabolic disorders during
pregnancy. The frequency of reproductive problems in our
material was 21.7% (119/547), while unfavorable
outcome of previous pregnancies had 23.7% (130/547) of
the studied pregnant women. No significant difference in
the frequency of both indicators was found between the
compared groups, but their dominance in Group 2 (Diab)
was clear. Reproductive problems were reported by 33.3%
of the women in Group 2 (Diab) against 19.2% - in Group
1 (Thyr) and resp. in 15.8% of Group 3 (Thyr and Diab),

NS. Unfavorable outcome of previous pregnancy was
reported by 31.7% of the women in Group 2 (Diab) against
21.6% resp. 21% - from Group 1 (Thyr) resp. from Group
3 (Thyr and Diab), NS. In summary, both problems
occurred in over 30% of the pregnant women with
Hyperglycemia and in about 20% of those with
Hypothyroidism.

The role of arterial hypertension (AH) during pregnancy in
relation to these two diseases was also been studied. It turned
out that the incidence of AH was 2.4% (13/547) of the studied
pregnant women, i.e. it was too low and it would be
speculative to look for connections, but still in Group 2 (Diab)
there were more pregnant women with AH - 8.3% (5/60).
Therefore, in the presence of AH, it is required that the
glucose tolerance of the pregnant woman should be tested.

A relationship was sought between the level of 25(OH)D
and the studied diseases of the four groups of pregnant women.
Insufficiency was found in the level of 25(OH)D, both in the
whole group of 547 pregnant women and in each of the four
studied groups (Table 10). This fact is not a surprise to us,
given our population results from 2012 [12]. The level of
25(0OH)D in the 547 pregnant women studied in October fully
corresponds to the autumn values for the Bulgarian population
from the mentioned study in 2012 — 52.75 nmol / L (95%CI:
50.63 - 54.88) or 21.18 ng / mL [24]. However, it should be
noted that the 2012 population-based study included both men
and women with a wide age range (20-80 years) and
participants were specifically instructed not to take additional
vitamin D supplements throughout the year of follow-up.
Therefore, the comparison of the two populations would not
not be correct, although the values are similar. In our previous
analysis of the same group of 547 pregnant women regarding
the role of vitamin D supplementation during pregnancy, we
found that 51% (278/547) of pregnant women took vitamins
during pregnancy, as monotherapy or in combination with
other medications. Under these conditions, the incidence of
vitamin D deficiency (<20 ng / mL) was significantly higher
in pregnant women without vitamin D supplementation -
31.98% versus those with supplementation - 21.94%, P<0.01
[25]. In the analysis of the 4 groups in the present study,
comparing the average ranks (Mann-Whitney test), a
significantly higher level of 25(OH)D was found in Group 0
(without Thyr and Diab) compared to Group 1 (Thyr),
P<0.006 and in significant for Group 3 (Thyr and Diab),
which had the lowest value of 25(OH)D. The small number of
cases in this group was not enough to prove significance,
although the trend was clear.

The additional correlation analysis showed a negative
significant correlation between 25(OH)D with the level of
fasting plasma glucose - P<0.004, as well as with the plasma
glycemia level at 120 minutes at OGTT - P<0.003. This
unequivocally emphasizes the direct link between vitamin D
and the secretory properties of beta-cells, which we studied in
2003 [26]. We believe that vitamin D normalizes beta-cell
function by counteracting peripheral insulin resistance and
thus overcoming basal hyperinsulinemia. In addition, vitamin
D is an important factor in supporting the functional capacity
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of beta-cells, judging by its effect on plasma glycemia at the
120™ minute of the OGTT performed on pregnant women.

After dividing pregnant women into three groups according
to the criteria for Sufficiency (>30 ng / mL), Insufficiency (20
- 30 ng / mL) and Deficiency (<20 ng / mL), it was found that
about 27% was the incidence of Sufficiency and as well as of
Deficiency. The highest percentage was in the group with
Insufficiency - 46%. Sufficient level of 25(OH)D (>30 ng /
mL) was present in only 10.5% of the pregnant women in
Group 3 (Thyr and Diab), 23.3% - in Group 1 (Thyr), and 24%
in Group 2 (Diab) and reached 28.9% in Group 0 (without
Thyr and Diab). Due to the small number of participants in
Group 3 (Thyr and Diab) no significant differences were
demonstrated, but it was clear that in Group 0 the incidence of
25(OH)D Sufficiency was three times higher (almost 29%). It
should be emphasized that in Bulgarian pregnant women the
level of 25(OH)D follows the population level, as does the
distribution in the three categories - Sufficiency, Insufficiency
and Deficiency of vitamin D in the general population. It
could not be different due to the fact that the level of vitamin D
is determined mainly by environmental factors, lifestyle and
climatic factors, which are the same for the entire population,
including pregnant women, as part of it. It is also a fact that it
is necessary for pregnant women to test the level of 25(OH)D
and keep it within normal limits. This will ensure quality
development of the fetal skeleton after the 16" g.w. On the
other hand, insulin resistance develops physiologically during
pregnancy, and beta-cell function is impaired. That is why
vitamin D would be useful for both peripheral insulin
sensitivity and beta-cell functional capacity. Therefore,
vitamin D testing in pregnant women should be mandatory
part of the usual follow-up Protocol.

We also analyzed the role of urinary iodine concentration
for developing impaired glucose tolerance (A detailed
analysis of the relationship between UIC and thyroid disease,
including hypothyroidism, was presented in our other
publications on the same material). The analysis of 79
pregnant women with Hyperglycemia in terms of their Iodine
Urine Concentration level and their comparison with the
group of 468 pregnant women with Normoglycemia showed
several features (Table 12):

1)In pregnant women with Normoglycemia, the
distribution between iodine deficiency and sufficiency
was the same (about 40% each), and 20% - in the group
with over-optimal level.

2) In pregnant women with Hyperglycemia, 30% more
were in the iodine deficiency group versus the iodine
sufficiency group (45.6% v.s. 30.4%) and 24% were in
the over-optimal group.

3) A comparison between the two groups (Normoglycemia
and Hyperglycemia) found that in the group with
Normoglycemia there were about 25% more pregnant
women with iodine sufficiency than in the group with
Hyperglycaemia (40% vs. 30.4%, NS).

4) Artificial excess in the level of UIC was found in 10
pregnant women and it turned out to be 2 times more
common in the group with Hyperglycemia versus the

group with Normoglycemia (3/79 - 3.8% vs 7/468 -
1.5%, NS).

These findings that were supported by the results of a very
interesting study by Nathalie Silva de Morais et al. (2020),
which found that pregnant women with an over-optimal urine
iodine concentration (UIC) of 250 - 499 pg / L had a
significantly higher risk of Gestational Diabetes (GDM)
compared to the group with an optimal urine iodine
concentration of 150 - 249 pg / L [RR 2.90 (CI 1.12-7.45),
P<0.027]. The authors concluded that UIC > 250 pg / L was a
risk factor for GDM (Relative Risk [RR]=2.9, CI=1.1-7.46,
P=0.027) [27].

7. Conclusion

All international guidelines specifically emphasize the main
risk factors which require that pregnant women should be
screened for early detection of major endocrine diseases [28,
29]. The analysis of our material showed that thyroid
pathology could appear early in the course of pregnancy, and
in the subsequent period - diabetes mellitus. At the latest in the
course of pregnancy, cases with the simultaneous presence of
both of these diseases are expected. We should expect more
frequent development of disorders of glucose tolerance in
older pregnant women. While BMI (before and during the
current pregnancy) played a significant role in the
manifestation of dysglycemia, BMI (during the current
pregnancy) led to the occurrence of both dysglycemia and
hypothyroidism. Family burden, reproductive problems, the
unfavorable outcome of previous pregnancy, arterial
hypertension during current pregnancy, are less important
factors for the development of dysglycemia or thyroid
dysfunction in our material. An important conclusion could be
made about the role of two additional factors - vitamin D
deficiency and the role of UIC. With regard to vitamin D, its
testing should be included in the usual Protocol for the
follow-up of pregnant women, to guarantee the bone health of
the mother and fetus. However, optimal vitamin D levels play
beneficial role regarding beta-cell function and physiological
peripheral insulin resistance during pregnancy, which would
reduce the risk of developing glucose tolerance disorders.
There is significant inverse correlation between 25(OH)D, the
level of fasting plasma glycemia and the glycemia at 120
minutes of OGTT. Therefore, the 25(OH)D level is an
important factor for the normal function of beta-cells.
Regarding the other factor - UIC, there is higher frequency of
iodine deficiency in pregnant women with Hyperglycemia
(45.6%), ie. nearly half of this group of pregnant women. On
the other hand, it should be noted that the reverse state of
artificial excess at the UIC level is twice as common as in the
same group of pregnant women with Hyperglycemia. These
facts show that maintaining an optimal level of UIC in the
entire population, which is a state policy in many countries,
will allow not only to maintain a normal level of thyroid
hormones before and during pregnancy, but will obviously
play a favorable role in terms of glucose tolerance.



123

Anna-Maria Borissova et al.:

Diabetes and Hypothyroidism Alone and Simultaneously in Bulgarian

Pregnant Women - Frequency and Features of Various Risk Factors

References

(1]

(2]

(3]

[4]

[5]

[6]

[7]

[10]

[11]

Taylor PN, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus J.
H, Dayan C. M, Okosieme O. E. (2018). Global epidemiology
of hyperthyroidism and hypothyroidism. Nat Rev Endocrinol
14 (5): 301-316. https://doi.org/10.1038/nrendo.2018.18.

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha
Fernandes J. D, Ohlrogge A. W, Malanda B. (2018). IDF
Diabetes Atlas: global estimates of diabetes prevalence for
2017 and projections for 2045. Diabetes Res Clin Pract 138:
271-281. https://doi.org/10.1016/j.diabres.2018.02.023.

Duntas LH, Orgiazzi J, Brabant G. (2011). The interface
between thyroid and diabetes mellitus. Clin Endocrinol 75 (1):
1-9. https://doi.org/10.1111/j.1365-2265.2011.04029.

Panveloski-Costa AC, Serrano-Nascimento C, Bargi-Souza P,
Poyares LL, Viana GDS, Nunes MT. (2018). Beneficial
effects of thyroid hormone on adipose inflammation and
insulin sensitivity of obese Wistar rats. Physiol Rep 6 (3):
€13550. https://doi.org/10.14814/phy2.13550.

Melchior H, Kurch-Bek D, Mund M. (2017). The prevalence
of gestational diabetes. Dtsch Arztebl Int 114 (24): 412-418.
https://doi.org/10.3238/arztebl.2017.0412.

Lazarus J, Brown RS, Daumerie C, Hubalewska-Dydejczyk A,
Negro R, Vaidya B. (2014). 2014 European thyroid
association guidelines for the management of subclinical
hypothyroidism in pregnancy and in children. Eur Thyroid J 3
(2): 76-94. https://doi.org/10.1159/000362597.

Medici M, de Rijke YB, Peeters RP, Visser W, de Muinck
Keizer-Schrama SM, Jaddoe VV, Hofman A, Hooijkaas H,
Steegers EA, Tiemeier H. (2012). Maternal early pregnancy
and newborn thyroid hormone parameters: the generation R
study. J Clin Endocrinol Metab. 97 (2): 646—652.

Harris SE, De Blasio MJ, Davis MA, Kelly A. C, Davenport
H. M, Wooding F. B. P, Blache D, Meredith D, Anderson M,
Fowden A. L, Limesand S. W, Forhead A. J. (2017).
Hypothyroidism in utero stimulates pancreatic beta cell
proliferation and hyperinsulinaemia in the ovine fetus during
late gestation. J Physiol 595 (11): 3331-3343.
https://doi.org/10.1113/JP273555.

Kemkem Y, Nasteska D, de Bray A, Bargi-Souza P,
Peliciari-Garcia R. A, Guillou A, Mollard P, Hodson D. J,
Schaeffer M. (2020). Maternal hypothyroidism in mice
influences glucose metabolism in adult offspring.
Diabetologia 63: 1822-1835.
https://doi.org/10.1007/s00125-020-05172-x.

Egan A. M, Bogdanet D, Biesty L. M, Kgosidialwa O,
McDonagh C, O’Shea C, O’Shea P. M, Devane D, Dunne F. P.
INSPIRED research group. (2020). Core Outcome Sets for
Studies of Diabetes in Pregnancy: A Review. Diabetes Care
43 (12): 3129-3135. doi: 10.2337/dc20-1621.

Ramulu, U. Ramchander Rao, Reshma Sultana Shaik. (2016).
A Study of Prevalence of Subclinical Hypothyroidism in
Patients of Type 2 Diabetes Mellitus. International Journal of
Contemporary Medical Research 3 (10): 77-83.

Borissova A-M, Shinkov A, Vlahov J, Dakovska L, Todorov
T, Svinarov D, Kassabova L. (2013). Vitamin D status in
Bulgaria winter data. Arch. Osteoporosis 8: 133-137.

[13]

[14]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[24]

Bischoff-Ferrari HA. (2012). Vitamin D—-why does it matter? -
defining vitamin D deficiency and its prevalence. Scand J Clin
Lab Investig 72 (Suppl 243): 3-6.

Rosen CJ, Abrams SA, Aloia JF, Brannon PM, Clinton SK,
Durazo-Arvizu RA, Gallagher JC, Gallo RL, Jones G, Kovacs
CS, Manson JE, Mayne ST, Ross AC, Shapses SA, Taylor CL.
(2012). IOM committee members respond to Endocrine
Society vitamin D guideline. J Clin Endocrinol Metab 97 (4):
1146-1152.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM,
Hanley DA, Heaney RP, Murad MH, Weaver CM. (2011).
Evaluation, treatment, and prevention of vitamin D deficiency:
an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 96 (7): 1911-1930.

Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier
PJ, Vieth R. (2005). Estimates of optimal vitamin D status.
Osteoporos Int 16: 713-716.

Dawson-Hughes B. Vitamin D deficiency in adults: Definition,
clinical manifestations and treatment. Up To Date Review. 6
January 2017. Sector Editors: Marc K. Drezner, Clifford J
Rosen. Deputi Editor: Jean E Mulder. Access date 19 January
2019. Available from:
https://www.uptodate.com/contents/vitamin-ddeficiency-in-ad
.ults-definition-clinical-manifestations-and treatment.

Medical Association (2013). "Declaration of Helsinki: Ethical
Principles for Medical Research Involving Human Subjects".
JAMA. 310 (20): 2191-2194. doi: 10.1001/jama.2013.28105.

Borissova A-M, Ivanova L, Trifonova B, Dakovska L,
Mihailova E, Vukov M. (2020). Iodine Status of Pregnant
Women in Bulgaria. European Journal of Preventive Medicine
8 (4): 43-47.

Forhead AJ, Fowden AL (2014). Thyroid hormones in fetal
growth and prepartum maturation. J Endocrinol 221 (3): R87—
R103. https:// doi.org/10.1530/JOE-14-0025.

Peters K. E, Chubb S. A. P, Bruce D. G, Davis W. A, Davis T.
M. E. (2020). The Fremantle Diabetes Study Phase IL
Prevalence and Incidence of Thyroid Dysfunction in Type 1
Diabetes, Type 2 Diabetes and Latent Autoimmune Diabetes of
Adults. Clin Endocrinol. 92 (4): 373-382.

Borissova A-M, Shinkov A, Kovatcheva R, Vlahov ],
Dakovska L, Todorov T. Changes in the Prevalence of
Diabetes Mellitus in Bulgaria, 2006-2012. (2015). Clinical
Medicine Insights: Endocrinology and Diabetes 8: 41-45. doi:
10.4137/CMed.s24742.

Shinkov A, Borissova A-M, Kovatcheva R, Atanassova I,
Vlahov J, Dakovska L. (2014). Age and Menopausal Status
Affect Osteoprotegerin and Osteocalcin Levels in Women
Differently, Irrespective of Thyroid Function. Clinical
Medicine Insights: Endocrinology and Diabetes 7: 19-24. doi:
10.4137/CMed.s15466.

Borissova A-M, Shinkov A, Vlahov J, Dakovska L, Todorov
T, Kassabova L, Svinorov D. (2015). Dynamic of the seasonal
levels of 25(OH)D in Bulgaria according to sex, age and
winter status of vitamin D. Nutrition and Ageng 3, 2-4:
107-113.

Borissova A-M, Trifonova B, Dakovska L, Mihailova E,
Vukov M. (2020). Vitamin D Supplementation for Pregnant
Women in Bulgaria. European Journal of Preventive Medicine
8 (4): 56-60.



[26]

[27]

International Journal of Diabetes and Endocrinology 2021; 6(3): 114-124

Borissova A-M, Tankova T, Kirilov G, Dakovska L,
Kovatcheva R. (2003). The Effect of vitamin D on the insulin
secretion and peripheral insulin sensitivity. Int. J. Clin.
Practice 57 (4): 258-261.

de Morais N. S, Saraiva D. A, Corcino C, Berbara T,
Schtscherbyna A, Moreira K, Vaisman M, Alexander E. K,
Teixeira P. (2020). Consequences of lodine Deficiency and
Excess in Pregnancy and Neonatal Outcomes: A Prospective
Cohort Study in Rio de Janeiro, Brazil. Thyroid 30 (12):
1792-1801. https://doi.org/10.1089/thy.2019.0462.

[28]

[29]

124

World Health Organization. (2019). Classification of Diabetes
mellitus 2019. ISBN 978-92-4-151570-2.

Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H,
Dosiou C, Grobman WA, Laurberg P, Lazarus JH, Mandel SJ.
(2017). 2017 Guidelines of the American Thyroid Association
for the diagnosis and Management of Thyroid Disease during
Pregnancy and the postpartum. Thyroid. 27 (3): 315-389.



