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Abstract

Hypothyroidism is a relatively common finding during pregnancy. This may be due either to the presence of existing
thyroid disease and/or to the increased demands that pregnancy places the thyroid gland to provide thyroid hormones
for the mother and the developing fetus. There is no doubt that overt hypothyroidism is associated strongly with
adverse pregnancy outcomes, including miscarriage. Meta-analyses show that thyroid hormone replacement

with levothyroxine (LT4) reduces the risk of adverse pregnancy outcomes in the setting of overt hypothyroidism.
Accordingly, management guidelines in this area are unanimous in recommending intervention with to control the
level of thyrotropin (TSH) to below 2.5 pIU/mL. The evidence for an adverse impact of subclinical hypothyroidism (SCH)
on pregnancy outcomes is less clear, although meta-analyses suggest that SCH reduces the chance of a successful
pregnancy outcome. Guidelines also support intervention for some patients with SCH, particularly where TSH is high
(>10 pIU/mL), or where TSH is above its trimester-specific reference range in a woman with thyroid autoimmunity
(giving LT4 to euthyroid women with thyroid autoimmunity is not supported). Real-world evidence suggests that
hypothyroidism in pregnancy is often overlooked or that LT4 is not given appropriately to gain tight control of TSH.
More research is needed to identify the barriers to optimal thyroid care with LT4 at this crucial time.
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Diagnosis of hypothyroidism
during pregnancy

Evolution of normal thyroid function
during pregnancy

Circulating levels of human chorionic gonadotrophin
(hCG) increase from about 11 days post conception,
reach a peak around the end of the first trimester and
decrease thereafter (1). This hormone supports the
progress of the new pregnancy in a number of ways,
including ensuring an adequate supply of thyroid
hormones (TH) for the developing fetus, which does not
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generate an adequate supply of its own until well into
the second trimester (1). In addition, type 3 deiodinase
in the placenta degrades a proportion of the maternal
supply of triiodothyronine (T3, the principal TH), which
also increases the need for additional production of TH
at this time. The increase in TH occurs due to a mild
activation of the TSH receptor by hCG (which bears
structural similarities to TSH), resulting in increased
levels of T3 and T4, and a consequent modest fall in
TSH (2, 3, 4). Increasing levels of oestrogen also increase
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the level of thyroid binding protein, and induce a shift
the circulating version of this protein towards a form
with a longer half-life, which contributes to increased
levels of total T3 and T4 (3, 5).

Diagnostic criteria for hypothyroidism
during pregnancy

The changes in circulating TH (especially) during the
first half of pregnancy suggest that the reference ranges
used to diagnose thyroid disease routinely in non-
pregnant subjects (6) are likely to be inappropriate during
pregnancy. In fact, the criteria for diagnosing
hypothyroidism during pregnancy have evolved over
time. The US guideline from 2011, based on a relatively
limited sample of about 5500 pregnant women,
recommended upper limits for the TSH reference range
of 2.5 uIU/mL for the first trimester, and 3.0 pIU/mL for
each of the second and third trimesters (7). Considerably
more data on TSH ranges in pregnant women without
thyroid disease had appeared by the time the US guideline
was updated in 2017 (8). This later guidance noted that
subjects’ ethnicity, location and adiposity, in particular,
affected the upper limits of ‘normal’ thyroid function,
as expressed by the reference range. As a result, the US
guidelines advocate the use where possible of locally
derived trimester-specific reference ranges that are
of direct relevance to the population being tested.
Where this is not available, an upper limit of about
4 uIU/mL for the first trimester can be used, as this
reflects the average reduction of about 0.5 uIU/mL in TSH
that occurs early in pregnancy (see above). The upper
limit can then move closer to the value used for non-
pregnant subjects as the pregnancy progresses.

A very recent (2023) draft ‘Green Top Guideline’ from
the UK Royal College of Gynaecology (RCOG) proposes an
upper limit of 4 pIU/mL for the TSH reference range
throughout pregnancy (9), which is similar to the latest
thinking from the USA. This guidance also notes that this
threshold value has been used widely in epidemiology
studies that have associated hypothyroidism during
pregnancy with adverse maternal and neonatal outcomes
(see below). A 2021 guideline for the management
of thyroid disorders in women undergoing assisted
reproduction also proposes 4.0 pIU/mL as an upper limit
to the TSH reference range, unless a locally derived
reference range has a higher value (10). As in other
settings, the diagnosis of subclinical hypothyroidism
(SCH) is made when TSH is above the upper limit of its
pregnancy-specific reference range, when free T4 is
within its reference range.

Epidemiology of hypothyroidism
during pregnancy
The prevalence of overt hypothyroidism during

pregnancy has been described as about 1-3%, with
a higher prevalence of SCH of 3-15% (11, 12, 13),
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although the clinical studies reported below (using ATA
trimester-specific diagnostic criteria/reference ranges
for TSH (see above), unless specified differently)
demonstrate a very high level of variation in individual
estimates from different regions. Routine screening of
2509 pregnant women for thyroid disorders in Spain
revealed overt hypothyroidism in 1.9% and SCH in 3.6%
with no effect of maternal age (14). A retrospective
analysis in Turkey revealed a low prevalence of overt
hypothyroidism (0.4%) and a moderate prevalence of
SCH (8.9%) in the third trimester of 573 pregnancies in
women without any history of thyroid problems (15).
About 1 in 6 (17.1%) of pregnant women in Lebanon
had hypothyroidism (overt hypothyroidism and SCH
were not reported separately) (16).

A study in women of European/Caucasian or African
heritage highlighted the importance of choosing the
most appropriate TSH cut-off for diagnosing SCH. The
prevalence of SCH was comparable when a cut-off
value of 2.5 pIU/mL was used to diagnose SCH, but the
use of 4 pIU/mL as a cut-off value (cf. the ATA and RCOG
guidance, as per above) resulted in a prevalence of
SCH of 5.4% for women of Caucasian heritage and 2.1%
for women of North African heritage (P=0.008). The
use of a cut-off value derived at the authors’ institution
(3.71 pIU/mL) resulted in similar findings (SCH
prevalence of 7.1% vs 3.3%, P=0.013). The use of cut-
off values specific for ethnicity reduced the prevalence
of SCH by more than 70%, relative to the use of
2.5 uIU/mL as the cut-off value, with no change relative to
the institutional cut-off value (17). Thus, rigid adherence
to low cut-off values for TSH in diagnosing SCH
may be inappropriate, with risk of missing cases,
under appreciation of other determinants of thyroid
function, and subsequent overtreatment (18).

Hypothyroidism and pregnancy outcomes

Overt hypothyroidism has been associated with
adverse pregnancy outcomes in multiple studies
(reviewed elsewhere (19, 20, 21, 22)). Maternal overt
hypothyroidism was associated with increased risk
in offspring of attention deficit hyperactivity disorder
(OR 1.14 (95% CI 1.03 to 1.26)), autism spectrum disorder
(OR 1.41 (95% CI 1.05 to 1.90)) and epilepsy (OR 1.21
(95% CI 1.06 to 1.39)) in a meta-analysis of 29 studies
(23). Figure 1 summarises data on the relationship
between maternal TSH and pregnancy outcomes from
a survey of 5,840,894 women who received a prenatal
check-up in China. The risk of preterm birth, small
for gestational age and perinatal infant death
increased in line with increasing category of TSH, and
there was a non-significant trend (P=0.08) to increased
risk of birth defects at the highest TSH category (>10
uIU/mL) (24). A similar analysis from the same overall
cohort, based on study of 4,739,421 pregnancies, found
that elevated TSH was associated with an increased
risk of miscarriage (ORs 1.33 (95% CI 1.28 to 1.38)
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Figure 1

Relationships between levels of thyrotropin (TSH) consistent with hypothyroidism and neonatal pregnancy outcomes from a study of 5,840,894 women
who underwent prenatal care in China. The reference group (odds ratio =1, shown by the dotted line in each panel), contained subjects with TSH
0.37-2.49 pIU/mL. Odds ratios were adjusted for pre-pregnancy maternal age, maternal education, location, pre-pregnancy body mass index, alcohol,
passive smoking, history of thyroid disease, hypertension, diabetes, history of adverse pregnancy outcomes. Drawn from data presented in reference 24.

for TSH 4.88-9.99 pIU/mL and 1.25 (95% CI, 1.14 to
1.36) for TSH >10.00 pIU/mL) (25). While these studies
added compelling evidence to our understanding of
the danger of hypothyroidism per se during pregnancy,
it should be noted that they did not differentiate
between the effects of overt hypothyroidism and SCH.

The influence of SCH on pregnancy outcomes has also
been studied. A meta-analysis that included 18 cohort
studies at low risk of bias found that the presence of
SCH (defined as elevated TSH with normal serum total
or free T4 (where available), or as TSH 2.5-5 puIU/mL)
during pregnancy was associated with approximately
1.5- to 2.5-fold increases in the risk of pregnancy loss,
placental abruption, neonatal death, and premature
rupture of membranes, compared with euthyroid
pregnant women (26). Another meta-analysis of 22
studies found that pregnant women with SCH were
about 50% more likely to develop hypertensive
disorder of pregnancy when an upper diagnostic cut-
off of 4.5 pIU/mL was used (OR 1.54 (95% CI 1.21 to
1.96)) than euthyroid women; the effect disappeared
if the cut-off was reduced to 3 pIU/mL (27). Pooled
data from 19 cohorts (1234 women with SCH among
47,045 pregnancies) reported a significant association
between SCH and preterm birth (OR 1.29 (95% CI 1.01
to 1.64)) (28). Another meta-analysis found a significant
association of SCH, with pre-eclampsia (3.6% vs 2.1%;
OR, 1.53 (95% CI, 1.09 to 2.15)) (29). A large retrospective
analysis of 14,744 pregnancies using national databases
in Denmark reported that the risk of spontaneous
abortion or stillbirth increased sharply in women with
TSH >10 pIU/mL (30); however, it should be noted that

FT4 levels were not measured in this study, so it was
not possible to distinguish the effects of SCH and overt
hypothyroidism on pregnancy outcomes.

Increased thyroid antibody levels (TAB), usually
reflected by positive anti-thyroid peroxidase antibodies
(TPOAb+), are a common finding during pregnancy
and have been detected in as many as one woman in
six at this time (31). A retrospective study found TAB
in a 75% of population of pregnant women with
hypothyroidism diagnosed before or during pregnancy
(32). Even if the mother is clinically euthyroid,
thyroiditis caused by these antibodies may limit the
mother’s ability to produce the additional TH needed
to support a pregnancy, as described above (33, 34).
The presence vs absence of TAB has been associated
with an increased risk of subfertility, miscarriage or
other pregnancy complications, or of later maternal
thyroid disease, irrespective of whether or the mothers
were biochemically euthyroid (35, 36, 37, 38, 39). A
meta-analysis found that 28/31 relevant studies found
a significant association between TAB and increased
risk of miscarriage, with OR of 3.90 (95% CI 2.48 to
6.12; P < 0.001) and for preterm birth of 2.07 (95% CI
1.17 to 3.68; P=0.01) (39). The US guidelines recommend
measuring TSH in women with TAB at the time
of confirmation of pregnancy and monthly during mid-
pregnancy (8).

Effects of levothyroxine during pregnancy

A large database study of 1013 pregnancies in the
UK, where LT4 was started at least 6 months before
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conception, reported that women with TSH >2.5
uIU/mL in the first trimester were at a higher risk of
miscarriage, compared with women within the first-
trimester guideline goal of 0.2-2.5 pIU/mL (40). The
magnitude of the risk increased with increasing strata
of TSH (Fig. 2). Thus, the quality of control of thyroid
function during a hypothyroid pregnancy is important
for optimising pregnancy outcomes, rather than
prescription of LT4 per se.

A systematic review and meta-analysis of seven
randomised trials and 6 observational studies (n=7342
pregnancies) found that treatment of SCH (TSH
2.5-10.0 pIU/mL) during pregnancy with LT4 reduced
the risks of miscarriage (RR 0.79 (95% CI: 0.67 to 0.93))
and neonatal death (RR 0.35 (95% CI: 0.17 to 0.72)) (41).
LT4 treatment did not influence the risk of adverse
perinatal outcomes (placental abruption, postpartum
haemorrhage, premature rupture of membranes,
preterm delivery, or preterm labour) or neonatal
outcomes (low Apgar score or anthropometric indices)
in this analysis. Another meta-analysis (six studies,
n=7955 pregnancies), including only women with
TSH levels >4.0 pIU/mL also found a reduced risk of
miscarriage, preterm birth and gestational hypertension
in women with vs without LT4 treatment (42). The
findings persisted after correction for TPOAb.

Finally, LT4 treatment did not appear to influence
pregnancy outcomes in euthyroid women with TAB,
according to systematic reviews and meta-analyses (43,
44). Also, two recent randomised trials in euthyroid
TPOAb+ women with recurrent pregnancy loss found
no difference in the live birth rate between LT4 and
placebo groups (45, 46). With regard to observational
data, a large (n=984 pregnancies), prospective study
found a high rate of miscarriage in euthyroid TPOAb+
women who did not receive LT4, compared with women

1st-trimester
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Figure 2

Risk of miscarriage associated with the level of TSH in pregnant women
who received levothyroxine for at least 6 months before conception. aThe
P-value compares data from subjects with TSH >2.5 pIU/mL with the
reference range of 0.2-2.5 pIU/mL. Data were adjusted for age, year of
pregnancy, diabetes during or before pregnancy, and social class. Drawn
from data presented in reference 40.
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who did receive LT4 (relative risk (RR) 1.72 (95% CI
1.13 to 2.25)) (33). The risk of miscarriage was also
higher for the non-LT4 TPOAb+ women compared
with a control group without TPOAb (RR 4.95 (95%
CI 2.59 to 9.48)). Similar data were presented for the
risk of premature birth. Although these women were
described as ‘euthyroid’, mean TSH increased in the
non-LT4 treated TPOAb+ group from 1.7 pIU/mL at 10
weeks’ gestation to 3.5 pIU/mL at delivery; mean TSH in
the TPOAb+ group who received LT4 remained within
the range 1.6-1.9 pIU/mL throughout the pregnancy. A
prospective study evaluated the efficacy of screening-
led management of thyroid disease with LT4 in 537
pregnant women, 96 of whom were TPOAb+, with
a policy of treating TPOAb+ women with TSH >1
ulU/mL with 50 pg/day of LT4. There were no
miscarriages among 49 women treated with LT4,
compared with 16% in 47 TPOAb+ untreated women
(P=0.02), and 8% in TPOAb- women (P=0.17) (47). A
systematic review found that universal screening for
thyroid dysfunction during pregnancy would facilitate
intervention with LT4 to reduce the frequency of adverse
pregnancy outcomes and would be cost-effective (48).

Therapeutic use of LT4
during pregnancy

Management guidelines

Overt hypothyroidism

There is unanimous support for intervention with
LT4 in the setting of overt hypothyroidism during
pregnancy, given the clear association between
this condition and adverse pregnancy outcomes, as
described above (8, 9, 49). The 2017 US guideline notes
that while this statement is not supported by evidence
from a randomised, controlled trial, the strength of the
evidence available suggests that withholding of LT4
treatment from a control group would be unethical (8).

Women with hypothyroidism should have TSH
maintained above the lower limit of the reference range
and below 2.5 pIU/mL (8, 9). When a woman becomes
pregnant when taking LT4, she should increase her
LT4 dose by 20-30% (e.g. with an additional two of
their usual tablets per week (50)) and immediately
seek evaluation of their thyroid status, with monthly
ongoing monitoring, from their healthcare team (8, 9).

The use of other thyroid preparations, including
formulations of T3 or those derived from desiccated
thyroid tissue, is not supported during pregnancy (this
applies also to SCH, described separately below) (8, 49).

Subclinical hypothyroidism

The European (ETA) guideline from 2014 recommends
treatment with LT4 of SCH that develops before or
during a pregnancy (49). The 2017 US guideline
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recommends intervention with LT4 during pregnancy
for TPOAb+ women with SCH and TSH above their
trimester-specific reference range, or for TPOAb-negative
women with SCH and TSH > 10 pIU/mL (8). According
to this guidance, LT4 may be considered during
pregnancy for TPOAb+ women with TSH >2.5 pIU/mL
but below the upper limit of their reference range,
or for TPOAb-negative women with TSH between the
upper limit of the reference range and 10 uIU/mL (8).
The guidance from the RCOG is consistent, and
advocates use of LT4 for ‘severe’ SCH (TSH >10 pIU/mL),
with a target for TSH of <2.5 uIU/mL (9). Women with
SCH and TSH between the upper limit of the reference
range, but <10 pIU/mL, may be considered for LT4
therapy, according to the RCOG; if LT4 is not given,
regular monitoring should take place in case severe
SCH or overt hypothyroidism develops during the
pregnancy (9).

There is no general recommendation for LT4
treatment of infertile women with SCH (TSH >4.0
ulU/mL) who are seeking to become pregnant via
natural conception, although the use of a low dose of
LT4 (25-50 pg) is generally safe and may be useful to
prevent progression to overt hypothyroidism during
the pregnancy (8). Women with SCH undergoing ART
should receive LT4 to control TSH to <2.5 pIU/mL (8, 10).

Euthyroid subjects

The 2017 US guideline concluded that there was
insufficient evidence to propose routine treatment
of euthyroid women with TAB, although conceded
that this may be considered for women with a history
of pregnancy loss given the proven safety of LT4
treatment in this setting. The recent guidance from
the RCOG included consideration of one of the recent
randomised trials in euthyroid, TPOAb+ women (45)
and recommended that LT4 should not be given in this
setting (9). This position will become the dominant
one, taking into account the recent negative study in
women with recurrent miscarriage and TPOAb+ (46).

Real world practice

An analysis from a primary care database in the
UK showed that TSH was higher than the first-
trimester guideline goal of 2.5 pIU/mL for 46% of 1,013
pregnancies in women who had been taking LT4 for
at least 6 months before conception (40). Importantly,
22% of these women had TSH >4.5 pIU/mL, which was
the threshold for increased risk of pregnancy outcome
in this study (see above). Retrospective data from
the USA showed that the use of LT4 in pregnancies
complicated by SCH (untreated TSH 2.5-10 uIU/mL)
increased from 12-19% during the period 2010-2014
(51). An observational study from Italy also suggested
that while use of LT4 before pregnancy decreased
between 1990 and 2019, the use of LT4 once a pregnancy
was established tended to increase during this period
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(as did the accuracy of LT4 dosing, according to
measured levels of TSH) (52). The use of LT4 during
pregnancy appears to be increasing in Finland,
based on data from all pregnancies that occurred
between 2004 and 2016, in that country’s national Birth
Register (n=736,873) (53). The proportion of women
who received thyroxine increased year by year, from
1.1% on 2004 to 6.2% in 2016, a difference of more than
five-fold. About four-fifths started LT4 shortly before
or after discovery of the pregnancy. Overall, 3.4% of
pregnant women received LT4 during this period,
which is consistent with the prevalence rates for
pregnancy complicated by hypothyroidism discussed
above. However, a formal diagnosis of hypothyroidism
was recorded for 1.2% in 2004 and in 3.1% on 2015,
implying an increasing tendency to treat with LT4
with or without a diagnosis. Additionally, women
receiving LT4 during pregnancy in 2016 tended to
be older and heavier than their peers in 2004.

Should we screen for thyroid
dysfunction during pregnancy?

This has long been a matter for debate, with many
articles appearing in peer-reviewed journals (see
below) and in the lay press (54). Approaches to this
issue have varied widely across the world. For example
surveys in Latin America in 2014 (55) and in Europe
in 2012 (56) found that almost half (42%) of healthcare
professionals who manage pregnant patients with
thyroid dysfunction favoured a universal screening
approach. In the same year, about one-fifth (21%) of
institutions in Asia reported screening all pregnant
women for thyroid dysfunction (57).

Reviewing relatively recent literature on this topic
(2015 onwards), those in favour of universal screening
for thyroid dysfunction in pregnancy point to the
relatively high prevalence of thyroid disorders, the
existence of low-cost tests (TSH, T4) and treatment
(LT4), the potential of screening to avoid the potential
devastating consequences of undiagnosed thyroid
disease at this time, its cost-effectiveness, and a better
prospect of finding most or all cases, compared with a
targeted screening approach focussed on individuals
with risk factors for thyroid disease (58, 59, 60, 61). In
one study, targeted screening focussed on women with
at least one risk factor for hypothyroidism found that
this approach was more effective for detecting overt
hypothyroidism than SCH (except for obese Caucasian
women, where both were detected) (62). Those against
argue that, while the dangers of (especially overt)
hypothyroidism in pregnancy are acknowledged
universally, we do not have enough data on improved
outcomes resulting from universal screening
approaches to make evidence-based recommendations
in favour of this approach (63, 64, 65). Opponents also
point out that most cases of thyroid dysfunction during
pregnancy represent relatively mild, borderline cases,
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where the benefits of intervention are less certain
than for overt hypothyroidism (12, 59).

Current guidelines tend towards opposition to universal
screening for thyroid disease during pregnancy.
The 2017 ATA guideline considered that there was
insufficient evidence to make any recommendation
on whether or not to screen before or early during
pregnancy (other than asking them about any history of
thyroid disease and reviewing their treatment history
for thyroid medications) (8). A weak recommendation
against screening for low T4 in pregnancy was based
on a ‘weak recommendation’ and ‘moderate-quality
evidence’. Rather, target screening should be carried
out where women present with one or more of a list of
risk factors for thyroid disease. The 2014 ETA guideline
for the management of SCH takes a similar approach,
citing the lack of an evidence base to support universal
screening, while acknowledging that targeted screening
would miss a substantial number of cases (49). The
2023 draft guideline from the RCOG also favours
targeted (risk-based) screening (9). This approach is
not taken universally across Europe, however: for
example, a guideline from Poland recommends routine
measurement of TSH in women planning pregnancy,
and measurement of thyroid function in women
with risk factors for thyroid disease, or who have
received interventions or drugs that affect thyroid
function, before conception (66). An exception in
guidelines from either side of the Atlantic relates to
a recommendation to screen women who have TAB
or who are planning ART (8, 9, 49). A separate 2021
guideline from the ETA also recommends measurement
of TSH and TAB in women of subfertile couples who
are planning ART (10).

Conclusions

Management guidelines are explicit on the need to
give thyroid hormone replacement therapy with LT4
(not T3 or thyroid extracts) for pregnant women with
overt hypothyroidism. There is a consensus that
intervention with LT4 is likely justified in people with
SCH where TSH is >10 uIU/mL, although the use of LT4
according to lower TSH cut-offs (e.g. >2.5 pIU/mL or
>5 ulU/mL) requires further investigation. Real world
data suggest that the use of LT4 in the setting of
pregnancy is variable, however, suggesting that sub-
optimal control of thyroid function is common at this
time and associated with an increased risk of adverse
pregnancy outcomes. More studies are needed to
identify the barriers to optimal thyroid care with LT4
at this crucial time.
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