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Abstract
Background: Pregnancy is a stress test of maternal thyroid function. The prevalence of thyroid dysfunction in
pregnant women is high. Subclinical hypothyroidism occurs in 10% of all pregnancies. Effects of hypothyroidism in
pregnancy are anemia, low birth weight and mental retardation in neonate. This study is aimed to evaluate
maternal and fetal outcomes in pregnant women with deranged thyroid profile. The relevance of this study is to
document the association of hypothyroidism and its adverse effects on mother and fetus.
Methods: This prospective observational study was carried out at R.D. Gardi Medical College, Ujjain, India. Subjects
of this study were 198 antenatal women in third trimester with singleton pregnancy admitted in the obstetric ward,
and informed consent was obtained. Women were chosen irrespective of age, parity, residence and socioeconomic
status. Women with multiple pregnancy, a known case of thyroid disorder, or any pre-existing medical disorder
were excluded. Routine hematological parameters and estimation of T3, T4 and TSH was conducted. Patients with
deranged thyroid profile were subsequently assessed for maternal and fetal complications. History of infertility,
family history of thyroid disease, menstrual pattern, recurrent abortion, hemoglobin level and fetal outcome were
the main study variables. Data was analysed in SPSS software for statistical co-relation.
Results: Prevalence of thyroid disorder is 11%; with subclinical hypothyroidism, overt hypothyroidism and
subclinical hyperthyroidism occurring in 5.6, 3.5 and 1.5% of subjects respectively. In women with subclinical and
overt hypothyroidism, anemia was present in 26.3% being significantly associated with hypothyroidism (p = 0.008).
With respect to fetal outcome, LBW 31.6% (p = 0.001), NICU admission 42.1%, (p = 0.000) and low APGAR Score
(21.1%, p = 0.042) were statistically associated with hypothyroidism. Risk of anemia, Low Birth weight, NICU
admissions, and low APGAR score was 4.8, 6.3, 0.14 and 3.64 times higher respectively in women with
hypothyroidism than in women who are euthyroid.
Conclusion: Prevalence of subclinical hypothyroidism is 5.6% in 3rd trimester of pregnancy. Anemia, pre-eclampsia,
high caesarean rates and neonatal morbidities is significantly associated with hypothyroidism.
Keywords: Pregnancy and hypothyroidism, Subclinical hypothyroidism, Hypothyroidism and anemia, Thyroid
dysfunction in pregnancy
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Background
Stress of pregnancy may result in clinical or sub clinical
hypothyroidism in women with limited reserve. Reference ranges of TSH or free thyroxine (fT4) obtained
from non-pregnant populations change in pregnant
women because of the physiological changes in thyroid
function in pregnancy. Physiological and hormonal
changes in pregnancy result in increased production of
thyroxin (T4) and triiodothyronine (T3) by up to 50%,
leading to an increase in a woman’s daily iodide requirement, while thyroid-stimulating hormone (TSH) levels
decrease, especially in the first trimester [1]. As Human
Chorionic Gonadotrophin (HCG) is thyrotrophic its high
levels specially in 1st trimester result in low TSH values
and thus cut offs become less. In women with low thyroid reserves stress of pregnancy manifests as overt disease [2]. In an iodide sufficient area, thyroid adaptations
are well tolerated, as stored inner thyroid iodide is adequate; however, in iodide deficient areas, these physiological adaptations lead to significant changes in
pregnancy [3]. Hypothyroidism is widely prevalent in
pregnant women and the rate of detection, especially in
a developing country like India, has not kept pace with
the magnitude of the problem. Since hypothyroidism is
easily treated, timely detection and treatment of the dysfunction could reduce the burden of adverse fetal and
maternal outcomes in pregnancy which are commonly
encountered. Prevalence of overt thyroid dysfunction is
2–3% in pregnant women, subclinical dysfunction is
10%, while rate of autoimmunity is 5–10% [4, 5].
Maternal complications include miscarriage, anemia,
preeclampsia, gestational hypertension, placental abruption, preterm delivery, increased rate of caesarean section, and postpartum hemorrhage. The mode of delivery
may have adverse impacts on fetal-pituitary-thyroid axis.
Fetal outcomes resulting from thyroid dysfunction are
preterm birth, neonatal respiratory distress syndrome,
low birth weight (LBW), perinatal morbidity and mortality, increased NICU admission; and neuropsychological
and cognitive impairment. Thyroid hormone is critical
for brain development in the developing fetus. Children
born with congenital hypothyroidism have severe cognitive, neurological and development abnormalities if the
condition is not recognized and treated promptly. A
study demonstrated that children born to pregnant
women with hypothyroidism had lower intelligence quotient (IQ) scores compared to children born to pregnant
women without hypothyroidism [6].
For these reasons, it is important to adopt appropriate
strategies to identify women at risk of these adverse outcomes and to implement screening tools for early detection and initiation of effective treatment. Controversies
in trimester specific reference range in various demographic sites and number of reports being few in
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developing countries relevance of the study is high. In
light of the high prevalence of thyroid disturbances in
pregnancy and associated risk to mother and fetus, this
study aims to determine the prevalence of thyroid disorders in pregnancy and its maternal and fetal outcomes
in a tertiary care facility in Central India.

Methods
This observational study was carried out at R. D. Gardi
Medical College, Ujjain, India. We recruited 198 antenatal women in third trimester admitted into the obstetric ward with singleton pregnancy for other obstetric
indications. Informed consent was obtained from all
subjects. Subjects were chosen irrespective of age, parity,
residence and socioeconomic status. Women with multiple pregnancies, a known case of thyroid disorder, on
any treatment or with any pre-existing medical disorder,
such as diabetes mellitus, or cardiac or pulmonary disease were excluded. Routine hematological parameters
and estimation of T3, T4 and TSH was conducted. Patients with a deranged thyroid profile were subsequently
assessed for maternal and fetal complications. Infertility,
family history of thyroid disorder, menstrual history, recurrent abortions, mean T3, T4, TSH levels, haemoglobin levels, maternal and fetal outcome were the main
study variables. Uni variate analysis was conducted to assess co-relation of thyroid disorders with other clinical
features like menstrual rhythm, infertility, family history
of thyroid disorder and miscarriage.
Estimation for TSH was conducted using the Enhanced Chemiluminescence method. Estimation of free
T3 and free T4 was subsequently carried out when TSH
levels were abnormal. Cut off values used for TSH were
those indicated by the American Pregnancy and Thyroid
Association: 1st trimester: 0.1–4.0mIU/L, 2nd trimester:
0.2–4.5mIU/L, 3rd trimester: 0.3 -5mIU/L [7]. Normal
free T4 level is 0.7 to1.8 ng/dl and free T3 level is 1.7 to
4.2 pg/ml. Patients with normal fT4 and high TSH were
considered to have subclinical hypothyroidism (SCH);
those with low fT4 and high TSH were considered to
have overt hypothyroidism; those with normalfT4 and
low TSH were considered to have subclinical hyperthyroidism; and those with highT4 and low TSH were considered to have overt hyperthyroidism [7].
Maternal co-morbidities pertaining to thyroid dysfunction include history of miscarriage, anemia (haemoglobin
level less than 10 g/dl), preeclampsia (blood pressure
more than 140/90 with proteinuria after 20 weeks gestation), gestational hypertension (blood pressure more
than 140/90 without proteinuria after 20 weeks gestation), oligohydramnios (amniotic fluid Index ≤5), preterm delivery (delivery before completion of 37 weeks of
gestation) and increased rate of caesarean section. Fetal
outcomes include LBW (neonatal birth weight less than
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2.5 kg), Low Apgar score (1-min Apgar less than 5), and
increased NICU admission.
Data management and analysis was conducted using
Statistical Package for the Social Sciences (SPSS Version
25). The categorical variables were assessed using Pearson chi-square test. Association of risk factors was calculated by binary logistic regression. The test was
considered significant only when the p value is less than
0.05. The study protocol was approved by the Scientific
and Ethical Committee of the Institution. All the participants were also informed about the study procedure and
the information that was required from them for the
study. Written consent was obtained.

Results
Of the198 women screened, 22 (11%) had abnormal thyroid function. Prevalence of subclinical hypothyroidism,
overt hypothyroidism, and subclinical hyperthyroidism
was 5.6% (n = 11), 3.5% (n = 7), and 1.5% (n = 3), respectively demonstrating that the occurrence of subclinical
hypothyroidism is more common during pregnancy.
One sample was showing high TSH and slightly above
normal T4. For purpose of risk factors, it was included in hypothyroidism, thereby denominator for
risk factors is 19.
Mean serum TSH levels among women with subclinical hypothyroidism, overt hypothyroidism and subclinical hyperthyroidism were 8.02 ± 1.25mIU/ml, 11.92 ±
5.34mIU/ml and 0.07 ± 0.03mIU/ml, respectively. Mean
serum fT3 levels among women with subclinical
hypothyroidism, overt hypothyroidism and subclinical
hyperthyroidism were 2.92 ± 0.454 pg/ml, 1.58 ± 1.43 pg/
ml, and 4.16 ± 0.40 pg/ml, respectively. Mean serum fT4
levels among women with subclinical hypothyroidism,
overt hypothyroidism and subclinical hyperthyroidism
were 1.09 ± 0.30 ng/dl, 0.36 ± 0.24 ng/dl and 1.2 ± 0.10
ng/dl, respectively. (Table 1).
Of the 22 women with dysfunction, 22.7% had a history of irregular menstrual rhythm; 4.5% had history of
infertility treatment; 4.5% had family history of thyroid
disorder and 4.5% had history of recurrent miscarriage.
There was no statistically significant association between
any of these factors and the occurrence of thyroid
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disorder (p values were 0.655, 0.217, 0.079, and 0.752,
respectively) (Table 2).
Of the women with hypothyroidism, 26.3% had anaemia, and the association between occurrence of
hypothyroidism and anaemia was statistically significant
(p = 0.008). Preeclampsia was observed in 15.8% of
women, and the association between occurrence of
hypothyroidism and preeclampsia was statistically significant(p = 0.041). Cesarean delivery occurred in 26.3% of
women with hypothyroidism having significant association (p = 0.012) and oligohydramnios (p = 0.072). Preterm delivery occurred in 5.3% of hypothyroidism and
was not significantly associated with hypothyroidism.
31.6% had LBW babies, and the association between
LBW and hypothyroidism was significant (p = 0.001). For
1-min Apgar score cut off value considered was 5, as an
indicator for fetal asphyxia. Out of 19 hypothyroid
women 4 (21.1%) had babies with low Apgar scores
which was significantly associated (p = 0.042). NICU admission 42.1% was significantly associated with
hypothyroidism (p = 0.000).
The risk of anemia in women with hypothyroidism is
4.8 times (95% CI = 1.5–15.8) higher than in women
with euthyroidism. It is likely that hypothyroidism may
add to the severity of anaemia.
Risk of delivery of LBW babies is 6.3 times higher in
women with hypothyroidism (95% CI = 2.03–19.5) than
in women with euthyroidism. Risk of NICU admission
and low Apgar score were 0.14 times (95% CI = 0.048–
0.39) and 3.6 times (95% CI = 1.04–12.7) higher in babies
born to women with hypothyroidism compared to those
born to women with euthyroidism (Table 3).

Discussion
Thyroid disorder is common in women of reproductive
age, and it is the most common endocrine disorders
after diabetes in this age. Prevalence of thyroid disorders
in pregnancy and its maternal and fetal complications in
pregnant women vary greatly in different regions depending upon many factors. To date, there are few
studies of thyroid function and pregnancy in Central
India. The geographic location may be a factor in
prevalence of thyroid disorder, because the amount of
iodine in common salt and consumption of salt may

Table 1 Prevalence of thyroid disorders in 3rd trimester of pregnancy
Thyroid status

Prevalence

Mean TSH
(mIU/L)

Mean fT4
(ng/dl)

Mean fT3
(pg/ml)

Subclinical hypothyroidism
n = 11

5.6%

8.02 ± 1.25

1.09 ± 0.30

3.07 ± 0.56

Overt hypothyroidism
n=7

3.5%

11.92 ± 5.34

0.36 ± 0.24

0.81 ± 0.66

Subclinical hyperthyroidism
n=3

1.5%

0.07 ± 0.03

1.2 ± 0.10

4.1 ± 0.40
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Table 2 Prevalence and associated risk factors in thyroid
disorder
Risk factors

%(n)

P value

Irregular menstrual rhythm

22.7% (5)

0.655

History of infertility treatment

4.5% (1)

0.217

Family history of thyroid disorder

4.5% (1)

0.079

Miscarriage

4.5% (1)

0.752

vary from region to region. This study addresses issues related to abnormal thyroid function and fetomaternal outcomes in this setting.

Prevalence of thyroid disorder

The laboratory technique Enhanced Chemiluminiscence used in the study is “Vitros ECi” an orthoclinical diagnostics which is FDA approved. First trimester
values are more important than 2nd and 3rd trimester. Because it has an immense role in preventing maternal complications later on, if SCH is diagnosed
early, treatment with low doses of levo-thyroxin will
prevent it. Debate on upper limit for defining 1st trimester reference value is addressed in the Guideline
[7]. The Task Force advises; definition for reference
range be as per results for that particular population
and laboratory technique of that Institute. If internal
or transferable pregnancy-specific TSH reference
ranges are not available, an upper reference limit of
∼4.0 mU/L may be used. For most assays, this limit
addresses a reduction in non-pregnant TSH upper
reference limit of ∼0.5 mU/L.
Table 3 Association of maternal and fetal risk factors in women
with hypothyroidism (n = 19)
Outcome
%(n)

95% CI

Odds Ratio

p value

Anaemia
26.3% (5)

1.50–15.8

4.88

0.008

Preeclampsia
15.8% (3)

1.06–19.22

4.52

0.041

Preterm
5.3% (1)

0.253–22.54

2.39

0.447

Oligohydramnios
10.5% (2)

0.034–1.15

0.19

0.072

Caesarean section
26.3% (5)

1.39–14.38

4.47

0.012

Low birth weight (LBW)
31.6% (6)

2.03–19.54

6.30

0.001

Low Apgar Score
21.1% (4)

1.04–12.70

3.64

0.042

NICU admission
42.1% (8)

0.048–0.391

0.14

0.000
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As this study was conducted in 3rd trimester pregnant
women, we do not report any outcomes for 1st or late
1st trimester.
As per older guideline, considering TSH cut off values
for each trimester as, 1st trimester: 0.1–2.5mIU/L, 2nd
trimester: 0.2–3.0mIU/L, 3rd trimester: 0.3 -3mIU/L is
questionable [2]. Only modest reductions in upper limit
of TSH in 1st trimester from a non-pregnant value was
documented by studies published from India and Korea
after 2011. Limited availability of trimester specific reference ranges is an important factor in dis-similarity in
values in different geographical and demographic sites.
The concept of 1st trimester value of 2.5 mU/L as cut
off for SCH and hypothyroidism is contextual in studies
from India and China published in 2011 [8] and 2014
[9]. In view of scarcity of recent reports from India we
follow standard ATA 2017 guideline.
The observed prevalence of thyroid disorder in 3rd trimester of pregnancy in the present study is 11%, which
is comparable to the prevalence observed in a study conducted by Weiwei Wang et al. (10.2%) [8] and Ajmani
et al. (13.25%) [9]. Variations in different areas may be
due to non-uniformity in the study setting or in laboratory techniques, personal human error, and differences
in sample size. In India, the prevalence of
hypothyroidism in pregnancy is much higher compared
to that in Western countries. Iodine deficiency could be
a contributing cause. The percentage of households consuming iodised salt in India, as per the Iodine Network
Global score card 2010, is 51% [10]. Hashimoto’s thyroiditis is a cause of hypothyroidism in iodine-sufficient
areas, such as North America and Western Europe.
In the present study, the prevalence of subclinical
hypothyroidism, overt hypothyroidism, and subclinical
hyperthyroidism in pregnancy is 5.6, 3.5, and 1.5%, respectively (Table 1). This is in agreement with the findings of some Indian studies in which the prevalence of
subclinical hypothyroidism and overt hypothyroidism is
6.1 and 0.7% respectively [11]. Another Indian study in
2016 reports prevalence of SCH 8% in 3rd trimester
[12]. In a recent review and meta-analysis, prevalence
rates reported were 0.50, 3.47, and 2.05% for overt
hypothyroidism, subclinical hypothyroidism and isolated
hypothyroxinaemia respectively [6].
We report mean serum TSH levels in women with
subclinical hypothyroidism, overt hypothyroidism, and
subclinical hyperthyroidism being 8.02 ± 1.25mIU/ml,
11.92 ± 5.34mIU/ml, and 0.07 ± 0.03mIU/ml respectively.
Mean serum fT3 levels among women with subclinical hypothyroidism, overt hypothyroidism, and
subclinical hyperthyroidism were 2.92 ± 0.454 pg/ml.,
1.58 ± 1.43 pg/ml and 4.1 ± 0.40 pg/ml respectively.
Mean
serum
fT4
levels
among
subclinical
hypothyroid, overt hypothyroidism, and subclinical
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hyperthyroid women were 1.09 ± 0.30 ng/dl, 0.36 ±
0.24 ng/dl and 1.2 ± 0.10 ng/dl, respectively while a report from India in 2016 quotes reference values for
TSH, fT3 and fT4 as 0.47–5.78 (uIU/ml), 0.24–
3.61(ng/100 ml) and 0.47–5.1 (ng/100 ml) in 3rd trimester [12].
A recent review suggests that stricter criteria of TSH
values with a 2.5 cut-off may be considered too low.
Many women would be unnecessarily diagnosed as having SCH and may be subjected to the therapeutic burden
of LT4 treatment [13].
Risk factors

Thyroid dysfunction results in anovulatory cycles, luteal
phase defect, high prolactin (PRL) levels, and sex hormone imbalances. All of these factors may result in infertility and irregular menstrual cycles, as documented
by various authors [14]. In the present study, among
women with hypothyroidism, 4.5% had a history of infertility treatment, compared to 3.8, and 4.0% women with
hypothyroidism observed in other studies [15, 16]. We
observed that, 22.7% of women with hypothyroidism had
irregular menstrual rhythm.
Thyroid peroxidase (TPO) enzyme is responsible for the
oxidation and organization of iodine, and for the formation of fT4 and fT3 hormones [17]. Thyroglobulin (TG) is
a glycoprotein that acts as a substrate for synthesis and
storage of thyroid hormones [18]. Autoimmune thyroid
disorders present with antibodies to both resulting in
hypothyroidism. Thyroid autoimmunity is associated with
recurrent miscarriage likely to be due to generalized activation of the immune system and transplacental transfer
of antibodies, causing fetal rejection [19, 20]. The presence
of antibodies to thyroid peroxidase (TPO-Ab) or thyroglobulin in pregnancy is associated with significant increase in miscarriages, premature deliveries, gestational
diabetes, postpartum thyroiditis and permanent
hypothyroidism [21–23]. In the present study, miscarriage
rate in women with hypothyroidism was 4.2%, which is
similar to results of other studies, reporting rates of 5.6
and 5.0% [8, 15]. Hypothyroidism in pregnancy has immense relevance in clinical obstetric abnormalities.
First-degree relatives of patients with hypothyroidism
due to Hashimoto’s thyroiditis have a nine-fold higher
risk of developing this disease compared to the general
population [24]. Family history of thyroid disorder was
seen in 4.5% of women with hypothyroidism, which is
comparable to the prevalence observed in other studies:
12.7% [8].
In this study, no statistically significant association was
observed between thyroid dysfunction and clinical obstetrics and gynecological features, including miscarriage, menstrual irregularity, family history of thyroid
disorder, and infertility (Table 2).
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Association of Maternal and fetal outcome with thyroid
disorder
Anemia

Iron deficiency causes impairment of the hemedependent enzyme thyroid peroxidase, thereby limiting
synthesis of thyroid hormones, which can lead to a reduction in circulating levels of tT3 and tT4. Iron repletion may reverse hypothyroidism [25]. In the present
study, anemia was observed in 26.3% of women with
hypothyroidism (p = 0.008) while other authors have observed occurrence of anemia in 4.2% of women with
hypothyroidism [26]. In one study, prevalence of anemia
in women with hypothyroidism was as high as 60% due
to iron deficiency [27]. As per a report from North India
anemia and hypothyroidism are very commonly associated [28]. It is likely that hypothyroidism may add to the
severity of anemia. The results of this study support an
important clinical picture of an association between
anemia and hypothyroidism.
Pre-eclampsia

Hypothyroidism causes vascular smooth muscle contraction both in systemic and renal vessels, which leads to
increased diastolic pressure, peripheral vascular resistance, and decreased tissue perfusion, which could be the
pathophysiology of preeclampsia in hypothyroidism [29,
30]. Thyroid dysfunction can be associated with proteinuria, which is known to result in increased excretion of
thyroxine and thyroid-binding globulins. Rare cases have
been reported in which proteinuria is severe enough to
result in losses of thyroid-binding globulins and thyroxine that cannot be compensated by the body [31–33]. In
the present study, pre-eclampsia was observed in 15.8%
of women (p = 0.041) with hypothyroidism. These results
are comparable to those of other studies, in which preeclampsia was observed in 13.6% women with SCH and
14.7 in overt hypothyroidism [15, 34].
Cesarean section

Increased rate of cesarean delivery is another outcome,
observed in 26.7% (p = 0.012) of women with
hypothyroidism. Other authors have reported rates of
cesarean delivery of 22.9% in women with
hypothyroidism [34]. The reason for the increased risk
of cesarean delivery may be due to the associated pregnancy complications, such as hypertensive disorders,
gestational diabetes, and preterm birth. Whether otherwise uncomplicated hypothyroidism increases risk of
cesarean section warrants further study [35–37]. Some
authors reported, pre-eclampsia (p = < 0.001), preterm
labor (p = 0.001) and abruption (p = 0.03) being significantly related to hypothyroidism [38].
Complications that were observed to have lower prevalence in women with hypothyroidism in this study were
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oligohydramnios (10.5%) and preterm labor (7.8%). These
findings are similar to those of other reports [20, 27].
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association of hypothyroidism and various feto-maternal
adverse outcomes again supports argument for universal
screening for thyroid function in pregnancy.

Fetal outcomes

Low birth weight is associated with hypothyroidism due
to its association with preeclampsia. Reduced fetal thyroxine may cause disruption to the development of the
pituitary-thyroid axis of the newborn, fetal pituitary
growth hormone secretion, vascular responsiveness and
maturation, and cardiovascular homeostasis in utero
[39–41]. These factors are causative for the observation
of reduced neonatal birth weight of offspring born to
mothers with inadequately controlled hypothyroidism at
initial presentation or at third trimester. In this study
LBW was observed in 31.6% of women with
hypothyroidism, as compared to 20% observed in another study [42].
NICU admission in thyroid dysfunction was 42.1%,
which is similar to the rates of 46.6 and 42% [10, 42].
Low Apgar scores occurred in 21.1% of babies born to
women with hypothyroidism, compared to 20% observed
in another study [15].
We did not find Intrauterine death as a fetal complication of hypothyroidism, unlike the findings of one report
[38]. In the present study, hypothyroidism was found to
be significantly associated with LBW(p = 0.001) and
NICU admission (p = 0.000) similar to study conducted
by Gupta HP et al. [38].
Considering the results, we feel that estimation and
diagnosis of thyroid parameters has high clinical relevance. However, there is an ongoing debate regarding
cost-effectiveness of universal vs. targeted screening in
pregnant women. Current recommendations suggest targeted TSH screening for women at high risk for thyroid
disease before or during early pregnancy [7]. Recommendations also focus on TPOabs- positive and negative
women. It states that risk of pregnancy loss is more in
TPOabs- positives at 1st trimester cut off TSH 2.5 mU/L
and more. In an RCT authors advice benefit of levothyroxine treatment around 9 weeks gestation [43]. They
also document improvement in adverse pregnancy outcomes only in TPOabs-positive women with mild
hypothyroidism (defined as a TSH > 2.5 mU/L) with thyroxin therapy. The Task Force advocates evaluation of
TPOabs for asymptomatic women with higher TSH (2.5
mU/L) in first trimester. In this study we have not carried out TPOabs status of study subjects.
Based on our sample size (n = 198) the study is 80.7%
powered for 8 independent variable comparison for the
outcome, which is adequate.
Implications

Reporting observed values of TSH, T4 and T3 in 3rd trimester of pregnancy will add to available literature. High

Limitations

Due to small sample size and variability in TSH estimation technique, we cannot authoritatively submit the
values of TSH, T4, T3 in 3rd trimester of pregnancy.

Conclusion
This study concludes that there is a high prevalence of
thyroid dysfunction in pregnancy (11%) in Central India,
with the majority of women being subclinical
hypothyroidism. Association of maternal anemia, preeclampsia, increased cesarean delivery, presence of LBW
babies, low Apgar score and increased number of NICU
admission; is a major finding of this study.
Abbreviations
TSH: Thyroid Stimulating Hormone; hCG: Human Chorionic Gonadotrophin;
T4: Thyroxine; T3: Triiodothyronine; NICU: Neonatal Intensive Care Unit;
fT4: Free Thyroxine; TRH: Thyroxine Releasing Hormone; TBG: Thyroxine
Binding Globulin; TG: Thyroglobulin; IQ: Intelligence Quotient; tT3: Total
thyroxine; tT4: Total Triiodothyronine; TPOAbs : Thyroid Peroxidase
Antibodies; TGAb : Thyroglobulin Antibodies; IUGR: Intrauterine Growth
Restriction; IUD: Intra Uterine Death; ATA: American Thyroid Association;
LBW: Low Birth Weight
Acknowledgements
We are thankful to Dr. V.K. Mahadik, Medical Director, R.D. Gardi Medical
College, Surasa, Ujjain for allowing us to carry out this work. Mr. Dharampal
Singh needs a word of thanks for his statistical assistance.
Authors’ contributions
PC – Responsible for data collection, and literature search.KM– Conceived
the idea of the experiment and wrote the manuscript. She is the main
driving force behind this clinically valuable work. PK – Contributed clinical
input and expert advice. The authors have read and approved the
manuscript.
Funding
This project was self-supported, with no support provided by any funding
agency.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
This proposal was approved by Ethical Committee at R.D. Gardi Medical
College, Surasa, Ujjain (ECR/1030/Inst/MP/2018. CDSCO). All participants
volunteered consent to participate. An informed written consent was
obtained from all participants in local language. Local language here is Hindi.
Consent for publication
Not applicable.
Competing interests
All authors, KM, PC and PK, declare that we have no competing interests.
Received: 25 December 2019 Accepted: 22 November 2020

References
1. Yamamoto T, Amino N, Tanizawa O, Doi K, Ichihara K, Azukizawa M, et al.
Longitudinal study of serum thyroid hormones, chorionic gonadotrophin

Mahadik et al. BMC Pregnancy and Childbirth

2.

3.

4.
5.

6.

7.

8.

9.

10.
11.

12.
13.
14.

15.
16.
17.

18.
19.

20.

21.
22.
23.
24.

25.
26.

(2020) 20:769

and thyrotrophin during and after normal pregnancy. Clin Endocrinol (Oxf).
1979;10:459–68.
Stagnaro-Green A, Abalovich M, Alexander E, et al. Guidelines of the
American Thyroid Association for the diagnosis and management of thyroid
disease during pregnancy and postpartum. Thyroid. 2011;21(10):1081–125.
https://doi.org/10.1089/thy.2011.0087.
Glinoer D, de Nayer P, Bourdoux P, Lemone M, Robyn C, van Steirteghem A,
et al. Regulation of maternal thyroid function during pregnancy. J Clin
Endocrinol Metab. 1990;71:276–87.
Azizi F, Delshad H. Thyroid derangements in pregnancy. IJEM. 2014;15:
491–508.
Cignini P, Cafà EV, Giorlandino C, Capriglione S, Spata A, Dugo N. Thyroid
physiology and common diseases in pregnancy: review of literature. J
Prenat Med. 2012;6:64–71.
Dong AC, Stagnaro-Green A. Differences in diagnostic criteria mask the true
prevalence of thyroid disease in pregnancy: a systematic review and metaanalysis. Thyroid. 2019;29(2):278–89.
Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al.
Guidelines of the American Thyroid Association for the diagnosis and
Management of Thyroid Disease during Pregnancy and the postpartum.
Thyroid. 2017;27(3):315–89.
Wang W, WeipingTeng ZS, Wang S, Li J, Zhu L, Zhou J, et al. The prevalence
of thyroid disorders during early pregnancy in China: the benefits of
universal screening in the first trimester of pregnancy. Eur J Endocrinol.
2011;164:263–8.
Ajmani SN, Aggarwal D, Bhatia P, Sharma M, Sarabhai V, Paul M. Prevalence
of overt and subclinical thyroid dysfunction among pregnant women and
its effect on maternal and fetal outcome. J Obstet Gynecol India. 2014;64(2):
105–10.
Global Scorecard 2010. 2010, http://www.iodinenetwork.net/documents/
scorecard-2010.pdf.
Singh A, Pedduri S. Prevalence of hypothyroidism in pregnancy. Obs Gyne
Review: J Obstet Gynecol. 2018;4(4):77–81. https://doi.org/10.17511/joog.
2018.i04.02.
Mankar J, Sahasrabuddhe A, Pitale S. Trimester specific ranges for thyroid
hormones in normal pregnancy. Thyroid Res Pract. 2016;13:106–9.
Khadilkar S. Thyroid stimulating hormone values in pregnancy: cutoff
controversy continues? J Obstetr Gynecol India. 2019;69(5):389–94.
Verma I, Sood R, Juneja S, Kaur S. Prevalence of hypothyroidism in infertile
women and evaluation of response of treatment for hypothyroidism on
infertility. Int J Appl Basic Med Res. 2012;2(1):17–9.
Manju VK, et al. Maternal outcome in thyroid dysfunction. Int J Reprod
Contracept Obstet Gynecol. 2017;6(6):2361–5.
Arojoki M, Jokimaa V, Juuti A, Koskinen P, Irjala K, Anttila L. Hypothyroidism
among infertile women in Finland. Gynecol Endocrinol. 2000;14:127.
McLachlan SM, Rapoport B. The molecular biology of thyroid peroxidase:
cloning, expression and role as autoantigen in autoimmune thyroid disease.
Endocr Rev. 1992;13:192–206. https://doi.org/10.1210/edrv-13-2-192.
TG thyroglobulin [Homo sapians (human)]- Gene- NCBI. Retrieved
2019-09-16.
Pratt DE, Kaberlein G, Dudkiewicz A, Karande V, Gleicher N. The association
of antithyroid antibodies in euthyroid nonpregnant women with recurrent
first trimester abortions in the next pregnancy. Fertil Steril. 1993;60:1001–5.
Twig G, Shina A, Amital H, Shoenfeld Y. Pathogenesis of infertility and
recurrent pregnancy loss in thyroid autoimmunity. J Autoimmun. 2012;38:
J275–81.
Banarjee S. Thyroid disorders in pregnancy. JAPI. 2011;59:32–4.
Girling J. Thyroid disease in pregnancy. Obstet Gynecol Reprod Medic.
2008;18:10.
Gaberšček S, Zaletel K. Thyroid physiology and autoimmunity in pregnancy
and after delivery. Expert Rev Clin Immunol. 2011;7(5):697–707.
Bothra N, Shah N, Goroshi M, Jadhav S, Padalkar S, Thakkar H, et al.
Hashimoto's thyroiditis: relative recurrence risk ratio and implications for
screening of first-degree relatives. Clin Endocrinol (Oxf). 2017;87(2):201–
6. https://doi.org/10.1111/cen.13323 Epub 2017 May 31. PMID:
28273382.
Zimmermann MB, Burgi H, Hurrell RF. Iron deficiency predicts poor maternal
thyroid status during pregnancy. J Clin Endocrinol Metab. 2007;92:3436–40.
Sreelatha S, Nadagoudar S, Asha Devi L. The study of maternal and fetal
outcome in pregnant women with thyroid disorders. Int J Reprod
Contracept Obstet Gynecol. 2017;6(8):3507–13.

Page 7 of 7

27. Fein HG, Rivlin RS. Anemia in thyroid diseases. Med Clin N Am. 1975;59(5):
1133–45. https://doi.org/10.1016/S0025-7125(16)31963-0.
28. Baghel M, et al. Association of thyroid status with hemoglobin levels in
pregnancy. Int J Res Med Sci. 2017;5(11):4873–6.
29. Alfadda A, Tamilia M. Preeclampsia-like syndrome that is associated with
severe hypothyroidism in a 20-week pregnant woman. Am J Obstet
Gynecol. 2004;191(5):1723–4.
30. Negro R, Mestman JH. Thyroid disease in pregnancy. Best Pract Res Clin
Endocrinol Metab. 2011;25(6):927–43.
31. Inversetti A, Serafini A, Manzoni M, Capuzzo A, Valsecchi L, Candiani M.
Severe hypothyroidism causing pre-Eclampsia-like syndrome. Case Rep
Endocrinol. 2012;2012:586056. https://doi.org/10.1155/2012/586056.
32. Gilles R, et al. Thyroid function in patients with proteinuria. Neth J Med.
2008;66(11):483–5.
33. Chandurkar V, Shik J, Randell E. Exacerbation of underlying hypothyroidism
caused by proteinuria and induction of urinary thyroxine loss: case report
and subsequent investigation. Endocr Pract. 2008;14(1):97–103. https://doi.
org/10.4158/ep.14.1.97.
34. Sreelatha S, et al. The study of maternal and fetal outcome in pregnant
women with thyroid disorders. Int J Reprod Contracept Obstet Gynecol.
2017;6(8):3507–13.
35. Matalon S, Sheiner E, Levy A, Mazor M, Wiznitzer A. Relationship of treated
maternal hypothyroidism and perinatal outcome. J Reprod Med. 2006;51:59–63.
36. Wikner BN, Sparre LS, Stiller CO, Källén B, Asker C. Maternal use of thyroid
hormones in pregnancy and neonatal outcome. Acta Obstet Gynecol
Scand. 2008;87:617–27.
37. Männistö T, Mendola P, Grewal J, Xie Y, Zhen C, Katherine Laughon S.
Thyroid diseases and adverse pregnancy outcomes in a contemporary US
cohort. J Clin Endocrinol Metab. 2013 Jul;98(7):2725–33.
38. Gupta HP, Kunwar S, Goel S. A study of thyroid dysfunction in antenatal
women attending the antenatal clinic in a tertiary care Centre. Int J Health
Sci Res. 2015;5(6):111–7 25.
39. Glinoer D, De Nayer P, Bourdoux P. Regulation of maternal thyroid during
pregnancy. J Clin Endocrinol Metab. 1990;71(2):276–87.
40. Schussler GC. The thyroxine-binding proteins. Thyroid. 2000;10(2):141–9.
41. Zhou A, Wei Z, Read RJ, Carrell RW. Structural mechanism for carriage and
release of thyroxine in the blood. Proc Natl Acad Sci U S A. 2006;3(36):
13321–6.
42. Sharma D, et al. Maternal and perinatal outcome in hypothyroidism in
pregnancy: a prospective observational study. Int J Reprod Contracept
Obstet Gynecol. 2017;6(12):5548–55.
43. Blatt AJ, Nakamoto JM, Kaufman HW. National status of testing for
hypothyroidism during pregnancy and postpartum. J Clin Endocrinol Metab.
2012;97:777–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

