
Pregnancy is associated with significant alterations in
thyroid physiology, resulting from the effect of pla-

cental human chorionic gonadotropin (hCG), increased
concentration of thyroid binding globulin (TBG), increased
iodine requirement and transplacental transfer of thyroid
hormones to the developing fetus1. These are highlighted
in Table 1. Maternal thyroid hormones are critical for skel-
etal growth and neurological development of the fetus,
especially prior to 12-14 weeks, before thyroid ontogen-
esis. The fetal thyroid gland activity begins at 10-12 weeks
gestation but the gland becomes functionally mature at18-
20 weeks.

Thyroid hypofunction during pregnancy can be classi-
fied into overt hypothyroidism, subclinical hypothyroid-
ism and isolated hypothyroxinemia, as detailed in table 2.
Overt hypothyroidism (OH) affects approximately 0.3-
0.5% pregnancies, while subclinical hypothyroidism (SCH)
has been reported in 3.5-18% pregnancies2. It is clear that
OH increases the risk of adverse pregnancy outcomes in-
cluding infertility, spontaneous abortion, gestational hy-
pertension, placental abruption, fetal distress, preterm birth,
low birth weight, perinatal death and impaired
neurodevelopment and adequate levothyroxine replace-
ment has demonstrated significant benefits. On the other
hand, SCH forms a grey zone between normal physiologi-
cal changes of pregnancy and thyroid hypofunction. The
diagnosis is based on an elevated TSH with normal thy-

roid hormone levels, but the diagnostic cut-offs of TSH
are highly debated. Additionally, it is not determined clearly
if SCH is associated with adverse pregnancy outcomes and
whether management leads to significant benefits.

Universal Screening or Targeted Case
Finding :

There is significant debate on whether screening for
thyroid dysfunction during pregnancy should be universal
or targeted at women with high risk3. Thyroid dysfunction
during pregnancy is common, can result in adverse preg-
nancy outcomes, can be easily detected with a reliable
blood test during routine antenatal evaluation and is rela-
tively simple to treat. Therefore, it meets several criteria
to justify screening. Several groups have reported that tar-
geted case finding may overlook almost one-third to half
of pregnant women with thyroid dysfunction, who are de-
tected by universal screening4-8. However, most of these
women had SCH. In addition, there seems to be little evi-
dence that screening and treatment of SCH improves preg-
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� The diagnostic thresholds and the significance of SCH in preg-
nancy are debated.

� Consistent benefits have been demonstrated in women with SCH
who are TPO-Ab positive.

�  Levothyroxine is indicated in women with TSH > 10 mIU/L or
in women with TSH above the upper limit of reference range
with TPO-Ab positive.

� In others, the decision should be individualized based on assess-
ment of risk.
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nancy outcomes. Negro et al reported no difference in preg-
nancy outcomes with universal versus selective screening
and treatment9. Ongoing large prospective trials assessing
the role of universal screening and treatment of SCH may
result greater clarity10.

Most international guidelines recommend targeted
case-finding approach in women at high risk, as depicted
in Table 311-15,26. Considering that a significant number of
pregnant women would qualify for screening, it would be
easier and more practical to screen everyone. The preva-
lence of SCH in a recent multicentre study from India was
13.3%, using a liberal TSH cut-off of 4.5 mIU/l17. Similar
high prevalence has been reported in earlier studies, for
both OH (3.7-4.5%) and SCH (6.5-9.2%)18-20. While the
significance of SCH during pregnancy remains debated,
universal screening may still be justified due to detection
of OH21. Moreover, universal screening has been reported
to be cost-effective22,23. Therefore, universal screening

appears to be more desirable and
this is reflected in the Indian Thy-
roid Society guidelines which rec-
ommend screening of all pregnant
women with TSH24.

TSH Cut-offs for
Diagnosis of Subclinical
Hypothyroidism :

During pregnancy, TSH levels
are lower than the reference val-
ues used for non-pregnant indi-
viduals. Earlier guidelines offered
a somewhat simplistic approach to
diagnosis of SCH, using a cut-off
of 2.5mIU/l in the first trimester,
as this was near the 97.5th percen-
tile in several studies13,14. While
there is a downward shift in TSH
during pregnancy, this seems to be
small, by 0.5-1.0mIU/l, and oc-
curs after 7 weeks of gestation25.
Moreover, there seems to be con-
siderable heterogeneity between

reference ranges for TSH reported in different studies and
these changes may result from differences in ethnicity, body
mass index, nutritional iodine status and differences in
assay methods. A study that compared 7 different TSH
assay systems in first trimester reported a more than 40%
variation between assay results from the same sera26. In-
deed, wide variations in TSH reference ranges have been
reported from different populations27-30. Table 4 highlights
the TSH reference ranges reported in various studies from
India. Using a low cut-off of 2.5mIU/l, a very high per-
centage of women may be classified as SCH31,32. In a study
from Delhi, almost 50% pregnant women would have quali-
fied for a diagnosis of SCH using a cut-off of 2.5mIU/l17.

hCG � human chorionic gonadotropin, TBG � thyroid binding globulin

Table 1 � Physiological Changes in Pregnancy and Effect on Maternal Thyroid Functions

Physiological Changes in the Mother

� Thyrotropic effect of placental hCG:
Placental hCG increases with a peak at the end of the
first trimester and then declines to plateau in second
and third trimesters.

� Increased TBG levels:
TBG increases, beginning at 6-8 weeks with 2-3 fold
rise by 20th week of gestation. This results from in-
creased production due to effect of estradiol and de-
creased renal clearance of more sialylated forms.

� Increased iodine demand:
Increased renal filtration of iodine, trans-placental
transfer of iodine to developing fetus and increased
demand for thyroid hormone production.

� Transplacental transfer of thyroid hormones:
Approximately 50% increase in thyroid hormone de-
mand and transfer to fetus for skeletal growth and neu-
rological development.

� Placental deiodinases:
Intraplacental breakdown of T4 and T3 by placental
deiodinases (D3).

Changes in Maternal Thyroid Functions

� TSH is lower in the first trimester due to a
transient increase in thyroid hormone pro-
duction (thyrotropic effect of hCG). It reaches
a trough around 11-14 weeks and slightly
rises later.

� Transient increase in thyroid hormone pro-
duction due to hCG, with rise in fT4 towards
the end of first trimester. Free T4 slightly
decreases during latter half of pregnancy.

� Total T3 and total T4 increase from 6-8 weeks
due to increased TBG levels, starting from
early pregnancy to approximately 1.5 times
at 16th week of gestation and then plateau.

� Free T4 assays may be unreliable due to high
TBG levels. Significant reduction in free T4
in third trimester may be seen in automated
immunoassays. More accurate methods
such as equilibrium dialysis or ultrafiltra-
tion are more expensive.

Table 2 � Hypothyroidism during Pregnancy: Classification

Category Definition

Overt Serum FT3 and/ or FT4 below the reference range
  Hypothyroidism   with TSH above the reference range.*
Subclinical Serum fT3 and fT4 levels within the reference
  Hypothyroidism   ranges with TSH above the reference range.*
Isolated Serum fT4 below the reference range
  Hypothyroxinemia   with normal TSH.*

*Reference ranges for FT3, FT4 and TSH should be population-specific
and trimester-specific.

Table 3 � High Risk Screening for Thyroid Dysfunction during Pregnancy

Who to Screen

History of thyroid Hyperthyroidism, hypothyroidism, goitre, thyroid
   disorder  antibodies, postpartum thyroiditis, thyroid nodule

  or surgery

At risk for thyroid Clinical signs and symptoms of thyroid disorder
   Disease Presence of goitre

Family history of thyroid disease
Age > 30 years
Morbid obesity
Type 1 diabetes or other autoimmune diseases
Previous miscarriage or preterm delivery
Infertility
Previous head or neck irradiation
Living in an iodine deficient region
Medications such as lithium, amiodarone
   or recent use of iodinated contrast
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Hence, there is a need to determine assay-specific,
population-specific and trimester-specific reference ranges
of TSH and thyroid hormones, using data from healthy
pregnant women who do not have thyroid dysfunction or
related risk factors, are negative for thyroid auto-antibod-
ies, are iodine sufficient, are not on any drugs affecting
thyroid functions and have singleton pregnancies2. Veltri
et al reported that an institutional cut-off for TSH of 4mIU/
l was as specific as ethnicity-specific cut-offs for the diag-
nosis of SCH33. This approach is supported by the recent
American Thyroid Association guidelines that recommend
the use of population-specific and trimester-specific ref-
erence ranges. In the absence of these, the upper limit of
TSH reference range for non-pregnant population can be
reduced by 0.5mIU/l or a cut-off of 4mIU/l can be used
between 7-12 weeks of gestation with a gradual return to
non-pregnant ranges in second and third trimesters. Prior
to 7 weeks, non-pregnant reference ranges are considered16.

In addition, measurement of free T4 by immunoassays
may result in significantly lower values due to interfer-
ence by increased TBG levels. More accurate methods such
as equilibrium dialysis or tandem mass spectrometry are
expensive and not easily available. Therefore, total T4 is
considered more reliable. However, population-specific
and trimester-specific reference ranges should be deter-
mined or the non-pregnant reference values can be multi-
plied by 1.51.

Effect of Subclinical Hypothyroidism on
Pregnancy Outcomes :

Several studies have reported an increased risk of in-
fertility, gestational hypertension, pre-eclampsia, gesta-
tional diabetes, miscarriage, premature delivery, placental
abruption, low birth weight, intrauterine growth retarda-
tion and prenatal death in women with SCH9,34-39. The risk
for infertility, miscarriage, premature delivery and prena-
tal death seems to be particularly increased if they have
thyroid autoimmunity40. However, the association with
placental abruption, low birth weight, perinatal mortality

and impaired neurocognitive development in offspring is
not consistent34-36,41-43.

Treatment of SCH with levothyroxine resulted in sig-
nificant reduction in miscarriage rates, in both TPO-Ab
positive and TPO-Ab negative women44,45. In a recent
meta-analysis of 14 randomized trials, levothyroxine sig-
nificantly improved fertilization, clinical pregnancy and
delivery rates in infertile women with thyroid dysfunction.
Significant improvements were also demonstrated in mis-
carriage rates, gestational hypertension, preterm deliver-
ies and prenatal deaths46. Levothyroxine treatment was
associated with significantly reduced risk of pregnancy loss
in women with TSH between 4.1-10mIU/l in another large
restrospective cohort47. Maraka et al reported that treat-
ment of SCH resulted in reduced risk pregnancy loss, ges-
tational hypertension, low birth weight and low Apgar score
in newborns48. Treatment initiation at an earlier gestational
age and attainment of target TSH with 4 weeks resulted in
better outcomes than if treatment was delayed or TSH tar-
gets not achieved by 4 weeks49. More recently, Nazarpour
et al demonstrated that a TSH cut-off of 4mIU/l, but not
2.5mIU/l, for treatment initiation in women TPO-Ab posi-
tive women was associated with a reduced rate of preterm
deliveries50. But other studies have not demonstrated simi-
lar benefits51-52.

The impact of SCH on neurocognitive outcomes in
offspring is far from clear. Large prospective studies sug-
gested that SCH is not associated with adverse
neurocognitive outcomes. However, a recent meta-analy-
sis of 6 studies suggested that mean intelligence score was
8.76 points lower and motor score was 9.98 points lower
in children of mothers with SCH than euthyroid mothers53.
Another meta-analysis of 15 cohort studies reported an
association of SCH with delayed motor and intellectual
development, prematurity, fetal growth restriction, low
birth weight and fetal distress54. There is a lack of adequate
interventional studies demonstrating beneficial effects of
levothyroxine treatment on neurocognitive outcomes. Sev-
eral randomized trials have assessed the impact of treat-
ment on motor and mental development of offspring and
reported no effect51,55,56.

Euthyroid Women with Thyroid
Autoimmunity :

10-20% of women may have elevated titers of anti-
thyroid autoantibodies, including TPO-Ab18. TPO-Ab
positivity is associated with a higher risk of adverse ma-
ternal and fetal outcomes in women with thyroid dysfunc-
tion and also signifies an increased risk of postpartum thy-
roid dysfunction57,58. Levothyroxine replacement in TPO-
Ab positive women with overt or subclinical hypothyroid-
ism results in improved pregnancy outcomes and is there-

Table 4 � Population-Based Trimester-Specific TSH Reference
Ranges in Studies from India

Population-specific reference ranges in various studies from India

TSH (mU/l) TSH (mU/l) TSH (mU/l)
in 1st in 2nd 3rd

trimester trimester trimester

Marwaha, Delhi 2008 (27)
   (5th-95th percentile) 0.6�5.0 0.44�5.78 0.74�5.7
Rajput, Haryana 2016 (28)
   (2.5th-97.5th percentile) 0.37-3.69 0.54-4.47 0.70-4.64
Jebasingh, Manipur 2016 (29)
   (5th-95th percentile) 0.21-1.82 0.72-1.71 0.69-1.93
Sekhri, Delhi 2016 (30)
   (2.5th-97.5th percentile) 0.09-6.65 0.51-6.61 0.91-4.86
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fore, indicated. However, many TPO-Ab positive women
may be euthyroid. Increased rates of miscarriage and pre-
mature deliveries have been reported among them. Sev-
eral mechanisms have been proposed to explain this in-
creased risk: presence of subtle hypothyroidism, blocking
of ß-HCG action by anti-TSH receptor antibodies, direct
effect of thyroid antibodies on the feto-placental unit, or
generalized immune dysfunction. Some studies have sug-
gested that levothyroxine supplementation in TPO-Ab
positive euthyroid women may improve pregnancy rates,
reduce the risk of pregnancy loss and lower rates of preterm
deliveries59-61. However, there is clearly not enough evi-
dence to suggest this practice at the moment. Free T4 lev-
els in fetal blood obtained by cordocentesis were found to
be higher than normal levels in almost 60% fetuses when
euthyroid TPO Ab mothers were treated with LT4 and the
safety of fetal thyroxine exposure needs to be ascertained62.
Ongoing trials, including TABLET and T4LIFE trials, of
levothyroxine treatment started before conception in TPO-
Ab positive women will inform whether it reduces miscar-
riage risk.

Isolated Maternal Hypothyroxinemia :
Some women have low free T4 concentration (below

2.5th or 5th percentile) in the presence of normal TSH
levels.  While iodine deficiency may result in relative
hypothyroxinemia, the etiopathogenesis of isolated
hypothyroxinemia is not known. In fact, women with high
urinary iodine concentrations were at a higher risk of
hypothyroxinemia than women with low urinary iodine
concentration63.

Since free T4 assays are difficult to interpret during
pregnancy and may report lower values due to increased
TBG, the definition and clinical significance of isolated
hypothyroxinemia is highly debated. Some studies reported
an association of maternal hypothyroxinemia in first tri-
mester with increased risk of adverse neurodevelopmental
outcomes in offspring, such as decreased psychomotor test
scores and IQ, language delays, worsened motor function
and risk of autism64,65. The risk is not increased with low
FT4 during second or third trimesters66,67. The risk of mis-
carriage, preterm delivery, low birth weight, gestational
hypertension or gestational diabetes does not seem to be
increased68. Additionally, no studies have demonstrated
benefits of treating isolated hypothyroxinemia during preg-
nancy with levothyroxine. There was no improvement in
neurocognitive functions in offspring at 3 years in the CATS
trial51. At present, treatment of isolated maternal
hypothyroxinemia is not recommended.

Indications for Treatment :
While the earlier guidelines recommended initiation

of levothyroxine in women with first trimester TSH >

2.5mIU/l, this has been clearly demonstrated to lack evi-
dence base13,14. Not only would this result in labeling and
treatment of a large number of otherwise healthy women,
there is no evidence of its benefits on maternal and fetal
outcomes and there is a potential risk of overtreatment.
Thyroid hormones have a U-shaped effect on fetal devel-
opment such that both deficiency and excess may impair
fetal neurological development. In fact, higher maternal
FT4 has also been associated with lower IQ in children69,
lower birth weight and increased risk of SGA70.

Women with overt hypothyroidism should be treated,
regardless of TPO-Ab status. In women with SCH, TPO-
Ab status should be determined and treatment decision
should be based on estimation of individual risk16. In Table
5, we enlist the indications of treatment for hypothyroidism
during pregnancy. Treatment is not indicated if TSH is within
trimester-specific reference range and TPO-Ab is negative.
In women who are already on levothyroxine, dose is rec-
ommended to be empirically increased by 25-50% on preg-
nancy confirmation based on results from cohort studies.
Dose increments are particularly needed in athyreotic women
but women with TSH < 1.2mU/l need not increase their
dose as reported in few observational studies40.

Conclusion :
There is a high prevalence of subclinical hypothyroid-

ism and universal screening may be a better approach than
targeted case-finding in India. The diagnosis of SCH should

Table 5 � Indications for Initiation of Levothyroxine Treatment during
Pregnancy

TSH Treatment

TPO Ab positive :
TSH > 10 mIU/l LT4 treatment strongly recommended. Reduced

 risk of pregnancy complications and improved
 neurocognitive outcomes (with early intervention).

TSH > upper limit LT4 recommended. Reduced risk of pregnancy
  of reference range   complications. Effect on neurocognitive
  * but < 10 mIU/l   outcomes not known.
TSH > 2.5 mIU/l LT4 may be considered in women
  but <upper limit of   with high risk of complications (infertility,
  reference range*   recurrent pregnancy losses)
TSH < 2.5 mIU/l LT4 not recommended. May consider

  in some cases at high risk such as women
  with infertility, recurrent pregnancy losses
  or those undergoing ART.

TP  cx O Ab negative :
TSH > 10 mIU/l LT4 strongly recommended.

  Reduced risk of complications and improved
  neurocognitive outcomes (with early intervention).

TSH > upper LT4 recommended. Reduced risk of pregnancy
  limit of reference   complications. Effect on neurocognitive
 range* but <10 mIU/l   outcomes not known.
TSH > 2.5 mIU/l LT4 not recommended. May be considered
  but < upper limit of   in women undergoing ICSI or IVF
  reference range*   (insufficient evidence).
TSH < 2.5 mIU/l LT4 not recommended.

*Trimester-specific, population-specific reference range.
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be based on assay-specific, population-specific and trimes-
ter-specific reference ranges. In the absence of such refer-
ence ranges, the upper limit of TSH of the non-pregnant
population can be reduced by 0.5mIU/l. While there is
increased risk of adverse maternal and fetal outcomes in
SCH, there is limited evidence of benefit from treatment
with levothyroxine. Consistent benefits have been dem-
onstrated in women with SCH who are TPO-Ab positive
and therefore, assessment of thyroid autoimmunity must
be done for clinical decision-making. Levothyroxine is
indicated in women with TSH > 10mIU/l or in women
with TSH above the upper limit of reference range with
TPO-Ab positivity. In others, the decision should be indi-
vidualized based on assessment of risk.
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