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Is There Any Relationship Between Thyroid Function Abnormalities,
Thyroid Antibodies and Development of Gestational Diabetes Mellitus

(GDM) in Pregnant Women?
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ABSTRACT

Objective: To determine the levels of thyroid-stimulating hormone (TSH), thyroxin (T4), triio-
dothyronine (T3), anti-thyroid peroxidase (anti-TPO), anti-thyroglobulin (anti-TG) and renal iodi-
ne excretion (RIE) in the first trimester of the pregnancy and to estimate the risk of developing
GDM in these patients.

Method: The levels of TSH, T3, T4, anti-TPO, anti-TG, and RIE were retrospectively evaluated. A
total of 312 pregnant women were included in the study (GDM (-) group n=240, GDM (+) group
n=62). Diagnosis of GDM was made according to the recommendation of American Diabetes
Organization (ADA). The association between thyroid dysfunction and GDM was evaluated.
Results: Our study included a total of 302 women. Sixty-two of these women were diagnosed
as GDM (62/302=20.5%). When compared with the GDM (-) group the mean TSH level (2.02 vs
4.13 p=0.019), anti-TPO positivity (8.3% vs 30.64% p=0.044), anti-TG positivity (8.3% vs 19.4%
p=0.019) and RIE (156 vs 178 p=0.017) were significantly higher in the GDM (+) group. TSH
levels were statistically significantly higher in patients with positive anti-TPO levels (P=0.045).
Conclusion: Elevated TSH levels , TPO and TG antibody positivity rates were more frequent
among the patients with GDM. These results may be a guide to perform routine thyroid function
tests for patients with increased risk of GDM, on the other hand, they will alert the physicians for
GDM progression and ensure taking preventive attempts for the patients who have thyroid di-
sorder, especially those with positive thyroid antibodlies in the first trimester of the pregnancy.
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Amac: Gebeligin ilk trimesterinda tiroid stimule edici hormon (TSH), tiroksin (13), triiodotironin
(T3), anti- tiroid peroksidaz (anti-TPO), anti tiroglobulin (anti-TG) ve renal iyot atilimini (RIA) sap-
tamak ve bu hastalarda gestasyonel diyabet (GDM) gelisme riskini belirlemek.

Yontem: TSH, T3, T4, anti-TPO, anti-TG ve (riner iyot atilimi diizeyleri retrospektif olarak deger-
lendirildi. Toplamda 302 kadin calismaya dahil edildi (GDM (-) grup n=240, GDM (+) grup n=62).
GDM tanisi Amerikan Diyabet Derneginin (American Diabetes Organization (ADA) énerileri dog-
rultusunda yapild. Tiroid disfonksiyonu ve GDM arasindaki iliski degerlendirildi.

Bulgular: Calismamiza toplamda 302 kadin dahil edildi. Bu kadinlardan altmis ikisi GDM tanisi
aldi (62/302=%20.5). Ortalama TSH dlizeyi (2.02 vs 4.13 p=0.019), anti-TPO (8.3% vs 30.64%
p=0.044), anti-TG pozitifligi (8.3% vs 19.4% p=0.01) ve RIA dlizeyleri (156 vs 178 p=0.017)
GDM (+) saptanan grupda anlamli olarak ytiksek saptandi TSH, anti-TPO pozitif olan kadinlarda
daha yiiksek olma egiliminde olup, bu fark istatistiksel olarak anlamli saptandi (P=0.045).
Sonuc: Artmis TSH dlizeyi ve anti-TPO, TG antikor pozitifligi GDM'li hastalarda daha sik olarak
gozlenir. Calismamizin sonuglari, artmis GDM riski olan hastalarda rutin tiroid fonksiyon testi ile
degerlendirme konusunda yol gosterici olacak, diger taraftan, gebelikte tiroid fonksiyon bozuk-
lugu, ozellikle ilk trimester'da tiroid antikor pozitifligi olan hastalarda GDM gelisimi acisindan
dikkatli olunmasi ve énleyici adimlarin atilmasi saglanacaktir.

Anahtar kelimeler: Anti-TG, Anti-TPO, GDM, gebelik, renal iyot atilimi, tiroid fonsiyon bozuklugu
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INTRODUCTION

Thyroid metabolism and urinary iodine levels are
subjected to significant alterations due to hor-
monal and metabolic status during pregnancy'?.
In the first trimester of the pregnancy, human
chorionic gonadotropin (hCG) hormone stimu-
lates thyroid-stimulating hormone (TSH) because
of its structural similarity?. This stimulation results
in higher thyroxin (T4) and triiodothyronine (T3)
levels, while TSH tends to decrease?. Increas-
ing estrogen levels and associated production
of thyroid-binding globulin (TBG), larger plasma
volume, increasing renal iodine excretion (RIE),
and higher thyroid metabolism are responsible for
changes in thyroid functions during pregnancy?.
Hypothyroidism, especially in the first trimester of
the pregnancy, is associated with poor perinatal
results. Overt hypothyroidism is associated with
fetal death, miscarriage, gestational hypertension,
including eclampsia, preeclampsia, preterm labor,
and low birth weight*. Although there is a relation
between subclinical hypothyroidism and the poor
obstetric outcome, this relation tends to become
more robust by increasing TSH levels®.

Thyroid autoantibodies (TAs) are seen in 2 to 17%
of the pregnant population®. This wide range of
prevalence is affected by ethnicity, age, and di-
etary iodine intake®. Recent studies have indicated
that patients with positive TA during early preg-
nancy tend to have higher TSH levels as pregnancy
progresses. However, antibody levels in the third
trimester are decreased by 60% compared to the
first trimester®. Studies have shown an association
between thyroid antibodies and pregnancy loss,
premature labor, postpartum thyroiditis, and pla-
cental abruption’®. The recent recommendation of
the American Thyroid Association (ATA) in 2017
contains different treatment advices according to
the levels of thyroid antibodies to improve ob-
stetric outcomes of pregnant women diagnosed
as subclinical hypothyroidism®.

lodine is one of the required elements of thyroid
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hormone synthesis. The deficiency of iodine in
pregnant women causes poor pregnancy out-
comes and impaired fetal neurocognitive devel-
opment®. RIE is the gold standard reflecting the
iodine status'®.

GDM was historically described as glucose metab-
olism disorder with different severity, which has
been recently recognized in the pregnancy, and
American Diabetes Organization (ADA) revised
the definition by adding “Diabetes Mellitus (DM),
which occurred in the second or third trimester
of the pregnancy”!'. International Diabetes Fed-
eration (IDF) announced that 16.2% of pregnan-
cies with live births present with hyper-glycemia,
and 85% of these cases are diagnosed as GDM''.
The overall prevalence of GDM is between 1 and
14%, according to the population’s metabolic,
genetic, and lifestyle characteristics'?. GDM typi-
cally resolves after the delivery. Up to 70% of
these women are diagnosed as type 2 DM in 6
weeks to 28 years postpartum, and less than 10%
need to use insulin after the pregnancy'. Stud-
ies have demonstrated that TA are more frequent
in patients with type 1 DM'. We can describe
the increased frequency with enhanced immune
response and associated multi-organ autoim-
mune disorders'3. Although the pathophysiologic
mechanism of GDM rests on relative insulin defi-
ciency and increased insulin resistance, autoim-
mune pathways like type 1 DM might also have
a part in a group of women with GDM!'. Recent
studies demonstrated that hypo-thyroxinemia is
more frequent in GDM patients, while a few data
focus on thyroid immunity and GDM!3,

In this retrospective cohort study, we purposed to
analyze the relationship between GDM and thy-
roid disorders and thyroid autoimmunity.

MATERIAL and METHODS
The patients studied in this retrospective cohort

study were pregnant women attending an ante-
natal outpatient clinic of The Department of Ob-
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stetrics and Gynecology of the Health Sciences
University, Zekai Tahir Burak Women’s Health
Care Training and Research Hospital between De-
cember 2018 and December 2019. Institutional
Review Board has confirmed the survey in terms
of ethical suitability.

Approximately 302 women whose TSH, T3,
T4, TA (anti-thyroid peroxidase (anti-TPO), anti-
thyroglobulin (anti-TG)), RIE, and fasting plasma
glucose (FPQ) levels in their first trimester were
included in the study. All the women without risk
factors for GDM and first-trimester FPG<92 were
evaluated with a 50-g glucose challenge test
(GCT) between 24 and 28 weeks of pregnancy as
the first step regardless of the fasting situation.
Blood glucose level of 2140 mg/dl after GCT was
accepted positive, and women with positive GCT
were evaluated with a 100-g oral glucose toler-
ance test (OGIT). As a routine procedure after an
overnight fasting for 12h, venous plasma values
of fasting, and 1, 2 and 3 hours after an oral load
of 100-g glucose intake were calculated Blood
glucose was calculated by enzymatic procedure
using Hitachi Cobas® analyzer. Glucose level was
studied by using glucose oxidase kit HK Gen.3.
The reading level varied between 2 and 750 mg/
dL. GDM was diagnosed if two or more plasma
glucose levels equal or exceed the below-indicat-
ed values after 100-g oral glucose load following
overnight fasting of 8-14 hours: FPG value of 95
mg/dl, postprandial 1-, 2-, and 3- hour blood glu-
cose levels of 180, 155, and 140 mg/dl, respec-
tively.

The patients were compared in GDM (-) (n=240)
and GDM (+) (n=62) groups respectively. All the
patients included these groups were evaluated
using thyroid tests, including TSH, T3, T4, anti-
TPO, anti-TG, and RIE. The relationship between
thyroid tests and groups was determined. Thyroid
metabolism tests were measured in the ISO-cer-
tified laboratory of our hospital. TSH levels varied
between 0.005 and 100 mU/I, fT3 between 0.3
and 10 nmol/L and fT4 between 0.101 and 7.77

ng/dL. Levels of anti-TPO and anti-TG varied be-
tween 5-600 IU/ml, and 10-4000 IU/ml, respec-
tively. RIE (pg/l) was determined using the plasma
mass spectrometry method (Spectroquant®). RIE
varied between 26 and 705 pg/I.

SPSS (Statistical Package for the Social Sciences)
version 22.0 program was utilized for statistical
analysis of the data. The normality of the continu-
ous variables was tested using the Kolmogorov—
Smirnov test. The Student’s t-test was used for
normally distributed values, and the continuous
variables were expressed as the mean+SD. Mann—
Whitney U-test was used for non-normal distrib-
uted values. The data were expressed as median,
mean, and maximum. P<0.05 was considered as
statistically significant. The area (AUC) under the
receiver operating characteristic (ROC) curve was
used to evaluate the TSH’s performance to predict
GDM, and the optimal cut-off point was calculat-
ed. The cut-off value to predict the development
of GDM was examined by using Youden’s index.
The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV)
with their associated 95% confidence interval (CI)
were determined.

RESULTS

The study included 302 pregnant women. Diag-
nosis of GDM was made in 62 of these women
(62/302=20.5%) (Figure 1). The mean ages were
not significantly different between GDM (+), and

Study population (302 women in their first trimester)

|

GDM (-) GDM(+)
(240/302=79.4%) (62/302=20.5%)]
Figure 1. Enrolment and follow-up of the study subjects.

GDM: Gestational diabetes mellitus
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GDM (-) groups (28.24+5.52 in the GDM (+) group,
and 27.89+4.86 in the GDM (-) group (p=0.620).
Gravidity, parity, and BMI were not statistically sig-
nificant between the groups (p=0.146, p=0.256,
and p=0.646, respectively) (Table 1). TSH levels
were significantly higher in GDM (+) group [4.13
(min-max values: 0.01-23.00) in GDM (+) group
and 2.02 (min-max values: 0.01-11.34) in GDM
(-) group (p=0.019)] (Table 2). Anti-TPO posi-
tivity was found in 39 women, and 27 of these
women were diagnosed as GDM (69.2%). The
rate of anti-TPO positivity was 30.64% (19/62)
for the GDM (+) group and 8.3% (20/240) for the
GDM (-) group with a statistically significantly in-
tergroup difference (p=0.044) (Table 2). Anti-TG
was positive in 12 patients in the GDM (+) group
(12/62=19.4%) and 20 patients in the GDM (-)
group (20/240=8.3%). Anti-TG was significantly
more frequently detected in the GDM (+) group
(p=0.019) (Table 2). RIE was significantly higher in
the GDM (+) group (p=0.017) (Table 2). The rela-
tionship between TSH levels and thyroid autoan-

Table 1. Demographic characteristics of the groups.

GDM (-) GDM (+) P value
(n=240) (n=62)
Age (years) 27.89+4.86 28.24+5.52 0.620
Gravidity 3 (1-5) 2 (1-4) 0.146
Parity 1 (0-4) 2(0-3) 0.256
BMI (kg/m?) 27 (19-37) 26.4 (22-33) 0.646

BMI: Body mass index, GDM: Gestational diabetes mellitus

Table 2. Laboratory results of the groups.
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tibodies was also evaluated. There was no sta-
tistically significant difference between antibody
positive and negative groups, although TSH tend-
ed to be higher among patients with anti-TG and
anti-TPO antibodies (p=0.917 and p=0.542, re-
spectively). AUC, and ROC were used to evaluate
the performance of TSH to predict GDM, and the

ROC Curve
1.0

0.8+

o
o
1

Sensitivity

o
N
1

0.2 /

0.0 T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity
Diagonal segments are produced by ties.

Figure 2. Area under ROC curve analysis of the TSH to
predict GDM.

TSH: Thyroid-stimulating hormone, GDM: Gestational diabe-
tes mellitus, ROC: Receiver operating characteristic

Table 3. The diagnostic performance of thyroid-stimulating
hormone (TSH) to predict gestational diabetes mellitus
(GDM).

GDM (-) GDM (+)
(n=240) (n=62)

P value

TSH (mU/l) 2.02 (0.01-11.34) 4.13 (0.01-23) 0.019*
T3 (nmol/L) 2.01(0.01-5.60) 2.02 (0.012-4.40) 0.948

T4 (ng/dL) 1.97 (0.01-4.40) 2.00 (0.01-12.23) 0.777
Anti-TPO 20 (8.3%) 19 (30.64%) 0.044*
positive

Anti-TG 20 (8.3%) 12 (19.4%) 0.019*
positive

RIE (pg/L) 156 (99-212) 178 (139-392) 0.017¢

*Statistically significant (p>0.05)

GDM: Gestational diabetes mellitus, TSH: Thyroid-stimulating
hormone, T4: Thyroxin, T3: Triiodothyronine, Anti-TPO: Anti-
thyroid peroxidase, Anti-TG: Anti-thyroglobulin, RIE: Renal
iodine excretion
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Cut-off for
TSH=5.33 mU/I

Sensitivity (%)

(95% Cl)

Specificity (%)

Positive likelihood ratio

62.9 (49.6-74.5)

78.7 (72.9-83.6)
2.96 (2.17-4.03)

(95% Cl)

Negative likelihood ratio 0.47 (0.33-0.65)
(95% ClI)

Positive predictive value (PPV) (%) 43.33 (33.05-54.18)
(95% CI)

Negative predictive value (NPV) (%) 89.15 (83.97-92.85)
(95% Cl)

Diagnostic accuracy (%) 75.4

ClI: Confidence interval
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optimal cut-off point was calculated (AUC=0.705
and p<0.001) (Figure 2). The sensitivity, specific-
ity, PPV, and NPV with their associated 95% Cls
were determined. According to Youden’s index
for TSH, the best accuracy was with the cut-off val-
ue of 5.33 mUy/I with a sensitivity of 62.9% (95%
Cl 49.6-74.5) and a specificity of 78.7% (95% ClI
72.9-83.6). PPV and NPV were 43.33% (95% CI
33.05-54.18), and 89.15% (95% Cl 83.97-92.85),
respectively (Table 3).

DISCUSSION

In the present study, to determine the association
between thyroid dysfunction and GDM, the thy-
roid function tests of pregnant women, including
TSH, T3, T4, TA, and RIE were examined. In our
study, GDM patients had significantly higher TSH
levels, more frequent anti-TPO and anti-TG anti-
bodies, and RIE.

The association between thyroid disorders and
DM has been demonstrated in the literature!*. On
the one hand, thyroid hormones have significant
effects on glucose metabolism; and on the other
hand, thyroid function tests are affected by diabe-
tes'®. This interaction might be theoretically dem-
onstrated with any kind of glucose and thyroid
metabolism dysfunction.

The prevalence of thyroid diseases is higher in
the diabetic population, especially in people with
type 1 DM!'*15, Several mechanisms have been
accused of this relationship. Hyperthyroidism is
known as a promoter of hyperglycemia because of
defective insulin releasing mechanisms, increased
gut absorption, enhanced endogenous glucose
production, catecholamine, and glucagon medi-
ated gluconeogenesis'®. Hypothyroidism is also
known as sufficient for glycemic regulation'4. De-
creased gluconeogenesis and insulin requirement
are frequent in hypothyroid patients. However,
hypothyroidism is known as an insulin-resistant
condition'*. Autoimmune thyroid disorders are
the most frequent immunologic disorder among

the patients with type 1 DM, and this relationship
might be explained with shared immune mecha-
nisms between autoimmune diseases!’. Stud-
ies have demonstrated that 6-24% of patients
with type 1 DM and 3-6% of patients with type
2 DM suffer from hypothyroidism, while 1-2% of
diabetic patients present with hyperthyroidism!8,
Routine thyroid screening is recommended for
people with type 1 DM because of increased rates
of concomitancy, while the studies evaluating the
association between GDM and thyroid disorders
are lacking'®.

In the pregnancy, increases, and decreases in
blood glucose levels are under the control of hor-
mones, such as hCG, estrogen, TBG, placenta-de-
rived insulin, and placental lactogen, that can be
changed by the alteration of thyroid hormone lev-
els?. Increased insulin resistance and pregnancy-
induced autoimmune mechanisms may result in
GDM?2!, In this study, it is hypothesized that thy-
roid disorders are more frequent in GDM patients.
This association might be due to the interaction
of metabolic alterations or common immunologic
mechanisms.

Studies have demonstrated that autoimmune
mechanisms could play a role in the development
of GDM in some patients'!. Diabetes-related an-
tibodies, including islet cell antibodies, insulin
autoantibodies, glutamic acid decarboxylase an-
tibodies, and zinc transporter 8 can be presented
in some GDM cases. The existence of diabetes-
related autoantibodies suggests a concomitant
immune predisposition to other autoimmune dis-
orders such as thyroid autoimmunity''. Murgia et
al.?' demonstrated that 38.8% of GDM patients
have at least one of these antibodies. In our study,
the immune basis of GDM was not evaluated, and
this is one of the weaknesses of the study. Thy-
roid dysfunction due to the increased insulin re-
sistance is another possible mechanism that may
explain hypothyroidism and GDM?2,

In our study, GDM patients had significantly high-
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er TSH levels, more frequent anti-TPO and anti-TG
antibodies, and RIE. The higher TSH level is as-
sociated with an increased prevalence of GDM,
and TA is significantly more prevalent in diabetic
patients. Our study have shown that a TSH level
of 5.33 mU/I has a sensitivity of 62.9%, a specific-
ity of 78.7%, and a diagnostic accuracy of 75.4%
to predict GDM. Similarly, Karakosta et al.?> dem-
onstrated that every unit of raise in TSH level is
associated with an enhanced risk for GDM (rela-
tive risk (RR) is 1.1, 95% confidence interval: 1.0
and 1.2). Ying et al.* found that an increased TSH
and TPO antibody positivity is associated with
three times more people at risk of developing
GDM. Safian et al.* also demonstrated that sub-
clinical hypothyroidism and anti-TPO positivity
were more frequent in the GDM (+) group than
in the GDM (-) group. In a study including 2333
pregnant women, increased TSH level and posi-
tive anti-TPO were associated with a higher risk
of GDM progression?. A meta-analysis of twenty
cohort and case-control studies emphasizes that
there is a significant relationship between thyroid
antibodies in early pregnancy and GDM. Howev-
er, the predictive value of thyroid dysfunction is
low?”. Hornnes et al.®® demonstrated that preg-
nant women with positive TA had reduced glucose
tolerance, especially in late pregnancy. Fernandez
Soto et al.?® also demonstrated that anti-TPO an-
tibody positivity is associated with poor glycemic
control and hypothyroidism. Distinctively, Mon-
taner et al.*® and Agarwal et al.*' did not find any
relationship between thyroid autoimmunity and
GDM. In this study, we found that TSH levels
tended to be higher among patients with positive
thyroid antibody. This association was statistically
significant for anti-TPO and anti-TG. This result is
congruous with the literature®.

lodine levels have been studied by the World
Health Organization (WHO), United Nations In-
ternational Children’s Emergency Fund (UNICEF),
and International Council for Control of lodine
Deficiency Disorders. According to their recom-
mendations severely inadequate (<50 pg/1) mild-
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to-moderately inadequate (50 and 149 pg/l;) ad-
equate, (150 and 249 pg/) more than appropriate
(250 and 499 pg/l); and extremely higher (=500
ug/l) levels of iodine were determined as indicat-
ed?2. RIE is a sensitive determinant of iodine sta-
tus and daily iodine intake. Physiologic changes in
pregnancy, including increased glomerular infil-
tration and fetal requirements, increase the need
for iodine intake, and WHO recommends 250 pg
iodine intake for pregnant women33. Despite the
iodination of table salt since 1994, Ankara seems
to have insufficient iodine status®**. A few data
have focused on the relationship between iodine
insufficiency and GDM in the literature. Vitkova et
al.** demonstrated that 88.1% of women who had
diagnosed as pre-gestational or gestational diabe-
tes have iodine deficiency. In our study, RIE was
higher in the GDM group, although mean RIE was
within a sufficient range for both groups. More
studies with a broader population are needed to
make decision whether iodine-containing supple-
ments and iodized salt should be given to the pa-
tients with GDM.

CONCLUSION

There is a lack of studies in the literature focusing
on the association between thyroid disorders and
GDM. Interaction between thyroid and glucose
metabolism is apparent. Our study demonstrates
that increased TSH levels, RIE, and TA positivity in
the first trimester are associated with an enhanced
risk of developing GDM. It can be concluded that
a universal approach to screen for GDM in the
early pregnancy might be advised for pregnant
women with thyroid disorders.
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