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Introduction
Approximately 2–3% of all pregnancies are com
plicated by thyroid disease.1 After diabetes, it is 
the second most common significant pathology 
affecting women during pregnancy and detailed 
understanding of the pathophysiology, diagnosis 
and treatment is required to limit the effects on 
both maternal and foetal health.2 Diagnosis of 
thyroid dysfunction during pregnancy is compli
cated by the hormonal changes that take place, 
posing specific challenges for both detection and 
management. The Endocrine Society recom
mends that screening for thyroid conditions in 
pregnancy is performed in women >30 years, 
those with previous personal or family history of 
thyroid disease, women with issues with concep
tion and existing autoimmune conditions.3 
Thyroid hormones are essential for foetal brain 
development and other aspects of foetal growth 
and it is therefore necessary that healthcare 

professionals involved in antenatal care recognise 
thyroid dysfunction and involve expert specialists 
when clinically required.4 There is emerging new 
data seeking to provide clarity on areas of contro
versy and uncertainty. This review summarises 
the recent developments in the understanding of 
consequences and management of thyroid disor
ders during pregnancy and assisted conception.

Data collection of material used in  
the review
We performed a detailed literature search for arti
cles covering thyroid disorders in pregnancy and 
subfertility using PubMed and Medline as the key 
resources. The search terms included ‘thyroid, 
hypothyroidism, subclinical hypothyroidism, hyper
thyroidism, subclinical hyperthyroidism, Graves’ 
disease, thyroid nodule, and thyroid cancer’, 
and combined them with ‘pregnancy, fertility, 
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subfertility, and foetal outcome’. Filters were 
applied to include articles in English, human 
studies and to contain reviews, metaanalysis, and 
original articles. Duplicate articles and those cov
ering thyroid dysfunction postpartum and lacta
tion were excluded. The search was undertaken 
by two authors (SA and MJ) and 114 articles were 
selected to inform the final review.

Thyroid physiology and gonadal function
Thyroid dysfunction results in menstrual irregulari
ties reflecting ovulatory disturbance. Thyroid status 
influences folliculogenesis via effects of triiodothy
ronine (T3) on the P13K/Akt pathway.5 These 
actions both enhance proliferation and inhibit 
apoptosis of the granulosa cells. Hypothyroidism is 
associated with reduced rate of fertilisation, and 
despite the recognition of endometrial expression 
of deiodinase type 3 and placental increases in T3, 
the exact mechanism behind reduced fertility in 
hypothyroidism remains unknown.6,7 Although it is 
known that thyroid disorders lead to menstrual dis
turbances, the association with subfertility has not 
been explored in detail. Possible aetiologies impact
ing fertility are changes in oestrogen metabolism, 
variations in Gonadotrophin releasing hormone 
(GnRH) pulsatility, and elevations in prolactin.8 
Data on prevalence of subfertility in hyperthyroid
ism are equally scarce.

Male fertility studies have shown that both hyper
thyroidism and hypothyroidism in males can 
affect sperm count, motility, and morphology; 
however, the mechanisms remain unclear and 
further research in male factor issues is required 
to improve understanding.6

Thyroid physiology during pregnancy
There are a number of important physiological 
changes that occur during pregnancy that need to 
be considered when interpreting thyroid status, 
testing thyroid function, and managing thyroid 
conditions.

Maternal thyroid physiology
The maternal thyroid gland increases in vascular
ity and undergoes mild hyperplasia during preg
nancy, typically increasing in size between 
10–40% of volume. This enlargement can be 
more pronounced if there is underlying iodine 
deficiency.9 Thyroxinebinding globulin (TBG) 

along with maternal total thyroxine (T4) starts 
rising from week 4 of pregnancy.10 TBG halflife 
increases from a nonpregnancy time of 15 min to 
up to 3 days in pregnancy;11,12 there is also oes
trogenmediated glycosylation, which increases 
the TBG concentration by up to 75% in the sec
ond trimester.11,13 Free thyroid hormones and 
not total hormone concentrations are best meas
ured, as total hormone levels are less interpreta
ble, and require gestationspecific reference 
ranges. Increasing human chorionic gonadotro
pin (hCG) levels cause a significant decrease in 
thyroidstimulating hormone (TSH) levels due 
to thyrotropic activity. TSH and hCG have iden
tical alpha subunits and comparable beta subu
nits and therefore, there can be both related 
stimulation of receptor and negative feedback, 
which can cause a measurable reduction of the 
TSH level.8 This effect is proportional to the 
level of hCG and therefore, in conditions that 
increase hCG concentration, such as multiple 
pregnancies and trophoblastic disease, symptoms 
of hyperthyroidism may become more pro
nounced. In these clinical situations, thyroid 
function tests (TFTs) need cautious interpreta
tion. It is therefore important to have trimester
specific ranges for maternal TSH; usually 
significantly lower (than in the nongravid state) 
in the first trimester.1,14

Total T4 rises secondary to the increasing TBG, 
which peaks at approximately 16 weeks of gesta
tion and remains elevated until the postpartum 
period.8 Variations in thyroid function within 
normal ranges in otherwise euthyroid women 
with no autoimmunity is considered to have no 
impact on pregnancy outcome.15 In a recent 
Swedish study, body mass index (BMI) and ges
tational age were identified to be key determi
nants of maternal TSH results (Table 1).16

There is increased uptake of iodine into the thy
roid gland and also enhanced excretion of renal 
iodine. These changes reduce the amount of 
available iodine, which may become clinically sig
nificant if deficiency is present prior to concep
tion. Iodine is also transferred to the foetus via 
the placenta and further depletes the maternal 
iodine availability. In extreme iodine deficiency 
there is lack of transplacental iodine and the foe
tus can develop neurological developmental com
promise (historically termed cretinism).14 Dietary 
demand of iodine is increased during pregnancy 
via several mechanisms:
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1. Increased hormone production and there
fore maternal thyroid gland uptake of 
iodine.

2. Increased renal excretion of iodine.
3. Increased foetal demand of iodine.18

Research has demonstrated that if iodine suffi
ciency is achieved prior to conception there is 
adequate maternal adaptation2 and it is for this 
reason that both the World Health Organization 
(WHO)19 and American Thyroid Association 
(ATA) recommend a daily iodine intake of 250 µg 
during pregnancy and breast feeding.18

Thyroid hormones are converted to active forms 
(T4 to T3) by combining with deiodinase hor
mones of which there are three main forms. 
Deiodinase 3 concentration and activity is upreg
ulated in the placenta and continues to rise with 
increasing gestation.14

Foetal thyroid physiology
From week four of gestation the thyroid begins its 
formation, initially with endodermal thickening 
from the midline floor between the first and sec
ond pharyngeal pouch. It then descends to its 
final anatomical location by gestational week 
seven and its track regresses giving rise to the thy
roglossal duct. While foetal thyroid starts to dem
onstrate iodine concentrating ability, it is not 
until the end of the third month of gestation 
(weeks 12–14) that the foetal thyroid gland is able 
to function independently.20 Foetal TSH can be 

detected in serum from around 11 weeks; how
ever, full maturation of the foetal axis is much 
later, until which time the baby relies on placental 
transfer of thyroxine.6,21,22

Thyroid hormones play a vital role in the early 
embryogenesis. They are essential for neurode
velopment, somatic growth, and tissue differenti
ation.23,24 Deiodinase 2 has been identified to be 
expressed in much higher quantities in the first 
trimester, compared with the later stages. This 
suggests the importance of local T3 conversion 
for the development of foetal tissues.25 Studies 
have highlighted the association of thyroid dys
function and neurocognitive development.26–28

Screening for thyroid dysfunction
There is currently no consensus as to whether all 
women or which specific groups should be rou
tinely screened for thyroid dysfunction in preg
nancy29 and therefore a targeted approach to 
screening of women considered at ‘higher risk’ 
has been formulated. The most recent ATA guid
ance suggests that screening should be considered 
in these atrisk groups:1,18,30,31

 1. Personal or family history of thyroid 
dysfunction.

 2. Symptoms of thyroid dysfunction.
 3. Presence of goitre or known elevation of 

antithyroid antibody.
 4. Personal or family history of autoimmune 

conditions (e.g. type 1 diabetes).
 5. Maternal age >30 years.
 6. Infertility investigations (including past his

tory of pregnancy loss, preterm delivery and 
recurrent miscarriage).

 7. Recurrent miscarriage.
 8. Morbid obesity (BMI >40 kg/m2).
 9. Previous head/neck irradiation or thyroid 

surgery.
10. Use of amiodarone, lithium or recent 

administration of iodinated contrast.
11. Residing in an area of known moderate or 

severe iodine insufficiency.
12. Multiple prior pregnancies (⩾2).

Sitoris et  al. have suggested that screening for 
subclinical hypothyroidism could be improved 
further by including obesity (BMI >30 kg/m2) 
and white ethnicity as additional risk factors.32 
While they commented on the possibilities of 

Table 1. Generalised trimester-specific reference 
ranges for TSH levels without adjusting for variables 
such as maternal age, maternal race, iodine status 
and laboratory assay (for free T4 and free T3 values 
the ATA guidelines suggest population and assay 
specific references).17.

TSH range

First trimester >0.1 mIU/L
and <2.5 mIU/L

Second trimester >0.2 mIU/L
and <3.0 mIU/L

Third trimester >0.3 mIU/L
and <3.0 mIU/L

ATA, American Thyroid Association; TSH, thyroid-
stimulating hormone.
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screening being extended to women with iron 
deficiency and history of smoking, the study did 
not explore these associations in detail.

Thyroid disorders in pregnancy

Hypothyroidism
Hypothyroidism in pregnancy is defined as a TSH 
concentration above the trimesterspecific ranges, 
if specific values are unavailable, conventionally a 
TSH >4.0 mIU/L may be used.18 If the free T4 
level remains within normal range this is referred 
to as subclinical, and if below the reference range 
this is termed overt hypothyroidism.18

The prevalence of hypothyroidism in pregnancy 
is difficult to establish as a large proportion of the 
disease is undiagnosed; however, is estimated at 
3% with the majority being subclinical.33,34 Overt 
hypothyroidism is estimated to have a prevalence 
of 0.2–1% with the greatest risk factors being 
iodine deficiency and autoimmune thyroiditis.6

Other risk factors include previous treated thy
roid disease (thyroidectomy, radioiodine ther
apy, and pituitary disease) and medications 
(namely amiodarone, antithyroid medications, 
and lithium).1,2,35

Overt hypothyroidism
Overt hypothyroidism and its association with a 
reduction in foetal intelligence quotient (IQ) was 
first described in 1999 by Haddow et al.36 Since 
then, multiple obstetric complications have also 
been described. The most frequently documented 
complications include an increased risk of miscar
riage, perinatal death, and preterm delivery with 
coexisting foetal distress. Limited evidence sug
gests that maternal hypertension, placental abrup
tion, and postpartum haemorrhage may be a 
result of overt hypothyroidism.1,2,35

In women with overt hypothyroidism, the recom
mended preconception TSH is between 0.4–
2.5 mIU/L and this range should be applied 
throughout the first trimester.18 In order to 
achieve this the established prepregnancy dose 
of levothyroxine may need to be increased by 
30–50% when pregnancy is achieved.37,38 TFTs 
should be measured every 6–8 weeks in preg
nancy and 30 days after a dose titration.39

It is essential that overt hypothyroidism, once 
identified, is treated promptly. Current literature 
suggests commencing women on a weightbased 
dose of levothyroxine at 2.33 µg/kg/day40 with 
repeat TFTs every 14 days in the first trimester 
and then every 30 days,39,41 until normal thyroid 
function is established. The dose should be 
adjusted according to serum TSH and FT4 con
centrations aiming for the aforementioned trimes
terspecific TSH levels.1,2 The dose requirement 
of levothyroxine is often increased during preg
nancy and practitioners should consider reducing 
the dose following delivery to the preconception 
level, with blood values rechecked 6 weeks 
postpartum.1

The ATA guidelines from 2017 recommend that 
the serum TSH target is maintained within trimester
specific ranges for management of hypothyroidism. 
Taking into account the ethnic variations and 
iodine status, the ATA recognised that the upper 
reference range for women may be more liberal 
than the earlier guidelines. Additional information 
such as BMI and antibody status need to be consid
ered when setting pregnancy targets for previously 
undiagnosed pregnant women. It is recommended 
that these decisions be based on tests undertaken in 
the late first trimester (7–12 weeks).18

Subclinical hypothyroidism in pregnancy
Limited evidence is available about the effects of 
subclinical hypothyroidism (SCH) in pregnancy 
and clinical trials that have investigated SCH 
have employed a variety of study designs. 
Therefore, there is no clear evidence base on 
which to treat with levothyroxine; however, there 
is also no significant harm reported when treat
ment is initiated. When treatment is commenced, 
the same reference ranges apply as for the man
agement of overt hypothyroidism. It is also impor
tant for these women to have adequate iodine 
supplementation.18,42

A metaanalysis of three studies by Zhang et al. 
involved the comparison of euthyroid women and 
those with isolated SCH and demonstrated a 
higher risk of miscarriage in SCH (Relative risk 
(RR) = 1.45, 95% CI 1.07–1.96, p = 0.02)43; how
ever, a metaanalysis of four studies comparing 
treatment showed no statistically significant dif
ference when SCH is treated (RR = 1.14, 95% CI 
0.82–1.58, p = 0.43).43
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A large study by Carty et al. recruiting 4643 preg
nant women showed that there was no difference 
in the rates of miscarriage [OR = 0.73 (95% CI 
0.2–3.1, p = 1.0)], preterm delivery <37 weeks of 
gestation [OR = 0.83 (95% CI 0.46–1.47, 
p = 0.584)] or corrected birthweight (p = 0.536) 
when comparing a TSH 2.5–5.0 mU/L with TSH 
<2.5 mU/L.44 Similar findings were also demon
strated by Plowden et al. in a prospective cohort 
randomised control study.45

It is important to note that Maraka et al. found 
that there was no observed difference in preg
nancy loss when comparing those treated with 
levothyroxine whose TSH was between 2.5 and 
4.0 mIU/L compared with those with a TSH 
<2.5 mIU/L; however, a difference was observed 
when the TSH was above 4.1 mIU/L.48

The first randomised controlled trial investigating 
thyroid dysfunction in pregnancy was the 
Controlled Antenatal Thyroid Screening Study 

(CATS), which recruited patients from the UK 
and Italy. It was designed to establish the effect of 
treating suboptimal thyroid function during preg
nancy on the cognitive outcomes of the foetus. 
Patients were screened at 12 weeks’ gestation and 
those identified with a low free T4 (<2.5th per
centile) or elevated TSH (>97.5th percentile) 
were randomly allocated to placebo or levothy
roxine treatment at 150 µg daily. There was a 
documented difference in IQ of 0.8 in the off
spring at the age of 3 years (95% CI −1.1–2.6), 
which was deemed statistically insignificant with 
a p value of 0.40.51 The CATS II trialled looked 
specifically at the UK proportion of the CATS I 
population and again proved no statistical signifi
cance in the IQ of the offspring at 9 years (adjusted 
odds ratio 1.15 (95% CI 0.52–2.51), p = 0.731).51

In addition to foetal effects, there are significant 
maternal consequences of subclinical hypothyroid
ism that are important to recognise during preg
nancy. Through unclear mechanisms, thought to 

Figure 1. Forest plot illustrating the comparison of spontaneous abortion rates between treated and 
nontreated subclinical hypothyroid women from the controlled clinical trials described in Tables 2 and 3.
The meta-analysis indicates no benefit on rate of spontaneous abortions with treatment.

Figure 2. Forest plot illustrating the comparison of preterm delivery rates between treated and nontreated 
subclinical hypothyroid women from the controlled clinical trials described in Tables 2 and 3
The meta-analysis indicates a reduction of preterm delivery rates in treated subclinical hypothyroidism.
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be an interaction with angiogenic factors includ
ing nitric oxide, there is a significant increased 
prevalence of hypertensive disorders in pregnancy 
(p = 0.01 in first trimester and p = 0.03 in second 
trimester) when SCH persists through first and 
second trimester.52

Thyroid autoantibodies and euthyroidism
Euthyroidism is the term used to describe the 
status and function of the thyroid being within 
normal limits. Thyroid antibodies (antithyroid 
peroxidase antibodies and/or antithyroglobulin 
antibodies) can lead to changes within both the 
structure and function of the thyroid gland. 
Despite a normal functioning thyroid gland, the 
presence of the antibodies, especially thyroid 
peroxidase (antiTPO), can have direct impacts 
on fertility and reproduction. In individuals 
with antiTPOAb there are no proposed mech
anisms for the changes seen in follicular fluid, 

spermatogenesis or embryogenesis.53 Overall, 
10% of women will have detectable thyroid anti
bodies (antithyroglobulin (antiTgAb) or anti
thyroid peroxidase (antiTPOAb)). Elevated 
antibody titres are associated with an increase in 
miscarriage rate and infertility and the docu
mented rate from various studies ranges between 
1.8 and 4fold.54 Interestingly, a similar associa
tion of thyroid antibody levels in early pregnancy 
loss in women undergoing assisted conception 
techniques has not been demonstrated.55,56 
Plowden et al. concluded that thyroid antibody 
(presence of antiTPO or antiTG Abs) did not 
increase risk of pregnancy related complications 
including subclinical hypothyroidism.57 However 
a recent metaanalysis by Busnelli et al. adds the 
possibility of the antibody status impacting on 
the rate of live birth.58 Wang et al. did not iden
tify any changes to offspring neurological devel
opment in isolated positive maternal antiTg 
antibodies.59

Figure 3. Forest plot illustrating the comparison of low birth weights between treated and nontreated 
subclinical hypothyroid women from the clinical trials described in Tables 2 and 3.
The meta-analysis indicates no impact of treatment on low birth weight.

Figure 4. Forest plot illustration the comparative rates of IUGR between treated and nontreated subclinical 
hypothyroid women from the clinical trials described in Tables 2 and 3.
The meta-analysis indicates no impact on rate of IUGR with treatment in women with subclinical hypothyroidism.
IUGR, intrauterine growth restriction.
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Currently no treatments have been shown to 
reduce thyroid autoimmunity and this aspect 
continues to be studied.60 The use of glucocorti
coids evaluated by Turi et  al.61 and Litwicka 
et  al.62 in patients with thyroid autoimmunity, 

demonstrated an increase in pregnancy rates with 
treatment compared with placebo (p = 0.03). 
Both authors used different protocols; Turi et al. 
described using prednisolone 4 weeks prior to IUI 
and Litwicka et al. used 5 mg prednisolone from 

Table 2. The main clinical trials in subclinical hypothyroidism (excluding those focused on antibody titre and assisted conception) 
and their key features (Figure 1, Figure 2, Figure 3 and Figure 4).

Study Country Design Number of 
patients

Criteria Number treated 
with levothyroxine

Wang et al.46 China Multicentre retrospective 
cohort study

196 (aged 
19–45 years)

TSH >2.5  mIU/L 28

Maraka S 
et al.47

United 
States

Single centre retrospective 
cohort study

366 (aged 18-
45 years)

TSH >2.5  mIU/L in first 
trimester, >3.0 mIU/L 
thereafter (<10 mIU/L 
throughout)

82

Maraka S 
et al.48

United 
States

Multicentre retrospective 
cohort study

5405 (aged 
18–55 years)

TSH concentration 
2.5–10 mIU/L

843

Casey BM 
et al.49

United 
States

Multicentre randomised, 
placebo-controlled trial

677 (<20 weeks’ 
gestation)

TSH >4.0  mIU/L 339

Nazarpour S 
et al.50

Tehran Single centre, single-blind 
randomized clinical trial

366 TSH >2.5  mIU/L 183

TSH, thyroid-stimulating hormone.

Table 3. Pregnancy outcomes in women with subclinical hypothyroidism in the studies described in Table 2 comparing those treated 
with levothyroxine with nontreated women and their statistical significance in terms of odds ratios, 95% confidence intervals and 
p values.

Study Spontaneous abortion/
miscarriage

Preterm delivery 
(<37 weeks)

Low birth weight IUGR

Wang et al.46 OR = 0.462
95% CI 0.104–2.054
p = 0.299

OR = 0.295*
95% CI 0.017–5.204*
p = 0.404*

OR = 0.641*
95% CI 0.034–12.238*
p = 0.768*

 

Maraka S et al.47 OR = 2.44
95% CI 0.8–8.87
p = 0.12

OR = 3.06
95% CI 0.96–12.28
p = 0.06

OR = 16.4
95% CI 2.7–326.9
p = <0.001

OR = 1.45
95% CI 0.23–28.1
p = 0.99

Maraka S et al.48 OR = 1.6
95% CI 1.14–2.24
p = 0.01

OR = 1.61
95% CI 0.1–2.37
p = 0.01

OR = 1.12
95% CI 0.84–1.5
p = 0.45

Casey BM et al.49 OR = 0.565*
95% CI 0.164–1.964*
p = 0.37*

OR = 0.819*
95% CI 0.729–2.116*
p = 0.425*

OR = 1.242*
95% CI 0.729–2.116*
p = 0.425*

OR = 0.331*
95% CI 0.014–8.136*
p = 0.499*

Nazarpour S 
et al.50

OR = 1*
95% CI 0.02–50.67*
p = 1.0*

OR = 0.841*
95% CI 0.432–1.638*
p = 0.612*

 

*unadjusted values calculated using medcal.net.
CI, confidence interval; IUGR, intrauterine growth restriction; OR, odds ratio.
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Proposed algorithm for assessment and management of thyroid disease in the pre-conception period or early pregnancy 
based on the information gathered in this review article.
Key learning points
-  Screening for thyroid dysfunction should be considered in all those who have a previous personal or family history of 

thyroid dysfunction, if there are ongoing symptoms of thyroid dysfunction, in those with a past medical history of other 
autoimmune conditions (e.g. type 1 diabetes mellitus), as part of infertility investigations and recurrent miscarriage 
history and those with previous head and neck irradiation.

-  Ensure free thyroid hormone levels are measured and in cases of multiple pregnancy, hyperemesis, and trophoblastic 
disease interpret results with caution.

-  Ensure trimester-specific reference ranges are used.
-  Consider the need for iodine supplementation in all pregnant patients.
-  Thyroid antibodies may indicate a risk of miscarriage; however, if thyroid function is within trimester-specific reference 

ranges there are currently no data suggesting benefit of levothyroxine supplementation.

https://journals.sagepub.com/home/tae
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oocyte retrieval until end of first trimester. There 
is therefore a lack of clinical evidence to advocate 
its use routinely. There is very limited evidence 
for intravenous immunoglobulin and the 
American guidelines do not routinely advocate its 
use, recommending further research in the form 
of randomised controlled trials to aid understand
ing of this treatment.18 The SERENA study 
investigated the impact on natural selenium sup
plementation and found that there was a reduc
tion in antibody concentration during pregnancy 
(p < 0.01); however, there was no benefit on foe
tal or maternal outcomes.63

Numerous metaanalyses have evaluated the role 
of levothyroxine supplementation in euthyroid 
and/or subclinical autoimmune thyroid disease, to 
improve both the foetal and maternal outcome of 
in vitro fertilisation (IVF) treatment with no statis
tically proven benefit [pregnancy rate RR = 1.46 
(95% CI 0.86–2.48)].64,65 Sullivan et al. reported 
that a strategy to empirically increase levothyrox
ine dose at diagnosis of pregnancy was more likely 
to result in a suppressed TSH in the first trimes
ter. TSH results during pregnancy were not sig
nificantly different in either of the groups with 
TSH guided dose monitoring versus empiric dose 
increase.66

One of the most recent and comprehensive trials 
undertaken investigating thyroid pathology in 
pregnancy is the Thyroid AntiBodies and 
LEvoThyroxine (TABLET) trial. This study was 
designed to investigate whether the supplementa
tion of levothyroxine in patients with normal thy
roid function with positive antibodies would 
reduce the known risk of miscarriage and early 
pregnancy loss. The study was based in the UK 
and in a doubleblind protocol allocated 952 
women with positive antibodies in the pre 
conception period to either levothyroxine treat
ment or placebo and compared live birth rates 
between the two groups after 34 weeks’ gestation. 
Despite previously documented smaller trials 
demonstrating benefit of levothyroxine treatment 
the TABLET trial concluded that there were no 
statistically significant differences in birth rates 
between the two groups [live birth rate RR = 0.97 
(95% CI 0.83–1.14, p = 0.74)] indicating absence 
of benefit of treatment.56

Although there is a lack of evidence currently to 
support treatment in those with elevated levels of 

antibody (antiTPO or antiTg antibodies) who 
remain euthyroid, the ATA guidelines advise 
rechecking thyroid function every 4 weeks from 
conception to midpregnancy to ensure that pro
gression towards hypothyroidism is detected and 
managed appropriately.18

Hyperthyroidism
Hyperthyroidism is defined as a TSH concentra
tion below the lower limit of the trimesterspecific 
reference range. If the free T4 levels remains 
within the normal range this is referred to as sub
clinical and if above reference range this is termed 
overt hyperthyroidism.67

Overt hyperthyroidism affects 0.1–0.4% of all 
pregnancies.34 It can either be secondary to an 
underlying preexisting condition such as 
Graves’ disease or nonautoimmune conditions 
(e.g. toxic nodular disease) or related to preg
nancy itself. As previously described; in the first 
trimester there can often be a suppression of 
TSH and in the presence of hyperemesis 
gravidarum (HG) there may be biochemical 
similarities to overt hyperthyroidism.4,20

Gestational transient thyrotoxicosis is often seen to 
present by the middle of the first trimester and usu
ally resolves before the end of second trimester.68 
It  is differentiated from Graves’ disease by the 
absence of antiTSHreceptor antibody (TRAb). 
However, it can present with symptoms similar to 
thyrotoxicosis.69 Despite the abnormal thyroid 
status there is generally no indication for anti
thyroid medication administration in this condi
tion, which is selflimiting.18,60,61

HG often presents in the first trimester of preg
nancy with severe nausea and vomiting.70 It may 
result in dehydration and ketonuria. Thyroid bio
chemistry will begin to normalise to trimester spe
cific reference range; initially with FT4 resolving 
with the cessation of vomiting however the TSH 
can often remain suppressed for several weeks.18 
Differentiating this from the autoimmune condi
tion of Graves’ disease is important and there can 
often be a goitre, thyroid eye disease (Graves’ 
orbitopathy) or TRAbs in the latter.69 Yoshihara 
et al. suggested that using a free T3/free T4 ratio 
could be discriminatory, as patients with gesta
tional thyrotoxicosis have significantly lower T3 
values, frequently in the normal range.71
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Graves’ disease has a prevalence in pregnancy of 
0.4% and can either be detected prior to preg
nancy, during pregnancy or postpartum (e.g. 
detected due to the infant having thyroid distur
bance).72 If diagnosed prior to conception it is 
treated with antithyroid medications, thyroidec
tomy or radioiodine treatment. The symptoms of 
thyrotoxicosis can often be taken for expected 
pregnancyrelated effects (shortness of breath on 
exertion, mild tachycardia, and heat intoler
ance).73 Patients should be examined for thyroid 
eye signs as these can often worsen in the first 
trimester. Unlike hypothyroidism, where there is 
often an increased requirement of treatment as 
pregnancy progresses, with Graves’ disease there 
is often a reduction in the amount of medication 
required with each trimester, which may be 
related to the immunological changes in preg
nancy. It is important to remain vigilant of symp
toms in the postpartum period as thyroiditis can 
often exacerbate disease activity.1,4,20

It is standard practice to use the lowest dose of 
antithyroid medications to control hyperthyroid
ism. The aim of treatment being a FT4 in the 
upper third of normal nonpregnancy range.74 
Over treatment will lead to foetal hypothyroidism 
and foetal goitre formation.73 The medications 
should be adjusted every 4 weeks to achieve con
trol and avoid overtreatment. For symptom con
trol betablocking therapy (e.g. propranolol 
20–40 mg every 6 h) can be used. It is advised that 
in the first trimester propylthiouracil (PTU) is 
commenced at a dose of 100–450 mg/day as the 
preferred antithyroid drug. All antithyroid med
ications have proved equivalent in achieving bio
chemical control of the thyrotoxicosis however 
specific side effects have been reported. 
Propylthiouracil has demonstrated a higher inci
dence of hepatotoxicity. Methimazole and carbi
mazole have an increased risk of foetal 
malformations such as aplasia cutis, oesophageal 
atresia, and dysmorphic features. It is therefore 
recommended that PTU is used in the first tri
mester and preconception with a change to carbi
mazole or methimazole from the second 
trimester.4,18,20

Pregnancy outcome is correlated with biochemi
cal control of hyperthyroidism. Untreated thyro
toxicosis can lead to spontaneous abortion, 
premature delivery, intrauterine growth restric
tion (IUGR), placental abruption, and maternal 

cardiac failure.69,75 Foetal outcomes are affected 
by the TRAb titre and control of hyperthyroidism. 
TRAbs can cross the placenta and can lead to foe
tal hyperthyroidism, which may manifest as foetal 
tachycardia, IUGR, and foetal goitre formation.70 
Women suspected of autoimmune hyperthyroid
ism or previously treated disease should have 
TRAb titres measured by week 24 of gestation to 
guide foetal management.76 Overtreatment with 
antithyroid medications can lead to polyhydram
nios and foetal hypothyroidism, where the treat
ment options include cessation of maternal 
antithyroid medications and rarely, intraamni
otic levothyroxine administration.4,18,20

Thyroidectomy should be considered if extremely 
high doses of antithyroid drugs are being used or 
a patient is unable to tolerate the medications. 
Iodine therapy is avoided due to foetal goitre and 
hypothyroidism developing. Radioactive iodine 
(RAI) is contraindicated in pregnancy, breast feed
ing, and for at least 6 months prior to conception.18 
Due to the association of TRAb titres with foetal 
outcomes, women with high titres seeking concep
tion may benefit from considering thyroidectomy 
over RAI therapy.70 TRAb titres are known to 
reduce significantly after surgery, in contrast to 
postRAI, where they remain elevated.69

Assisted conception and thyroid disease
A study conducted by Karmon et  al. involving 
1477 women who underwent intrauterine insemi
nation observed no adverse outcomes or changes 
to fertility rate if the preconception TSH was 
between 0.4–4.99 mU/L, a finding which has 
been since reproduced in multiple centres using 
smaller cohorts.77–79 However, smaller trials have 
reported minor implications of TSH variability 
and therefore the ATA guidelines still recom
mend that should a patient be undergoing IVF or 
intracytoplasmic sperm injection (ICSI) the TSH 
should be kept <2.5 mU/L.18 If using ovarian 
hyperstimulation for assisted conception, the 
TFTs may be affected by the hCG administered 
for oocyte maturation or endometrial support by 
mechanisms described previously and it is there
fore recommended that TFTs are taken 1–2 weeks 
before starting treatment.18 Negro et al. suggested 
that ovarian stimulation leads to expected physi
ological alterations in thyroid status, thereby pre
disposing to lower free thyroid hormones. Using a 
preIVF target of 2.5 mIU/L is likely to allow a 
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margin of change facilitating safe effects of gon
adotrophin therapy without significant thyroid 
consequence.80

Studies performed looking into the impact of thy
roid antibodies and pregnancy outcomes, of both 
prospective and retrospective design, with assisted 
conception have demonstrated that there was no 
difference in birth rate [OR 1.0 (95% CI 0.66–
1.52, p = 0.9880)] or miscarriage rate [OR 0.46 
(95% CI 0.11–1.96, p = 0.29410)] in those with 
antibody positivity versus those without.81,82 The 
ATA 2017 guidance does not recommend the 
routine use of levothyroxine in patients who are 
antibody positive with thyroid function within 
normal range undergoing assisted conception;18 
but this area requires further research for more 
complete understanding and guidance.

Hyperthyroidism can lead to changes within the 
ovulation cycle and irregular menses have been 
reported in over double the proportion of women 
compared with age and weightmatched individu
als.8 However, there has been no substantial 
research to date looking into the changes and out
comes of patients who are actively thyrotoxic 
undergoing assisted fertility.

Thyroid nodules and cancer
The widespread availability of ultrasound has 
resulted in the increasing identification of thyroid 
nodules both in symptomatic and healthy women. 
Nodules are present in up to 65% of the adult 
female population of which about 10% will be 
malignant.83 Ultrasound investigation should be 
undertaken to stratify risk of a nodule even in 
pregnancy however the use of nuclear medicine 
imaging techniques is generally avoided in preg
nancy.84 Oh et  al. undertook serial ultrasound 
scans in pregnant women with papillary thyroid 
cancer and reassuringly did not demonstrate any 
significant growth during pregnancy.85

The same criteria as in the nonpregnant state 
should be applied for indications for fineneedle 
aspiration (FNA); however, some authors suggest 
that if pregnancy is near term, then FNA can be 
delayed to the postpartum period. If FNA dem
onstrates malignancy, then surgery can be offered 
in the second trimester; however, the decision 
should be undertaken by a multidisciplinary 
team. If there is any compromise to airways from 
the nodule then immediate surgical intervention 

may be required.86 Additional indications to con
sider surgery during pregnancy may include rapid 
growth rate, nodal metastasis or features such as 
extracapsular invasion.87

Conclusion
The relationships between thyroid function, auto
immunity, fertility, and pregnancy outcomes have 
been the focus of considerable attention in recent 
years. The need for consistent approaches in clin
ical practice has resulted in the development of 
guidelines for practice. These have reflected 
expert opinion and have recognised that there is a 
lack of an evidence base in many of the controver
sial areas, including targets for TSH in hypothy
roid woman and use of levothyroxine in women 
with autoimmune thyroid disease. Thyroid physi
ology changes considerably in pregnancy, compli
cating the assessment and management of thyroid 
disorders. Multiple trials have demonstrated that 
thyroid dysfunction can be associated with sub
fertility, early pregnancy, and obstetric complica
tions. There is agreement that patients with 
established thyroid dysfunction should normalise 
thyroid status in the preconception period to 
prevent possible complications. Identified high
risk groups for hypothyroidism should be screened 
and all patients should have the recommended 
iodine supplementation. Due to the assay impli
cations and pregnancy changes, free hormone 
assays should be used to guide treatment. In 
patients diagnosed with overt hypothyroidism 
there is clear evidence that treatment helps pre
vent adverse outcomes. The evidence for subclin
ical hypothyroidism remains less clear; however, 
the higher the TSH, the greater the evidence and 
therefore a TSH >4.0 mU/L indicates a require
ment for treatment with levothyroxine. 
Hyperthyroidism requires an understanding of 
the aetiology to establish treatment; those with 
autoimmune hyperthyroidism (Graves’ disease) 
should be initiated on the lowest possible dose of 
antithyroid drug to reach normal levels of free 
thyroid hormones and trimesterspecific TSH 
reference ranges. In the first trimester research 
indicates that there is fewer side effects with PTU; 
however, this can be changed to carbimazole/
methimazole for later pregnancy. At present there 
is no evidence to suggest that treatment with levo
thyroxine in the presence of antithyroid antibod
ies (but normal thyroid function) alters 
reproductive outcomes. Research is required in 
women undergoing assisted conception with a 
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history of hyperthyroidism as there are currently 
no trials to guide optimal treatment. Investigation 
of thyroid nodules in pregnancy needs to be 
undertaken on an individualised approach, ensur
ing risks are discussed and if possible FNA can be 
deferred until the postpartum period.
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