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KEY POINTS

e  Hypothyroidism is common in women of child-bearing age and commonly associated with adverse obstetric and offspring
outcomes.

e  Pregnancy places substantial additional demands on the thyroid axis and women who have normal thyroid function prior to
pregnancy may have insufficient reserve for pregnancy especially those with auto-immune thyroid disease

e Levothyroxine is the treatment for hypothyroidism; in women established on levothyroxine prior to pregnancy doses will
need increasing.

e Screening for thyroid disease in pregnancy is being undertaken in some countries although this is a major debate in
thyroidology at present.

3 to 5 bullet points of approximately 25 words each that summarize the main ideas of your article. Key points appear at the very
beginning of your article in print and online.

SYNOPSIS

Brief summary of your article (100 to 150 words; no references or figures/tables). The synopsis appears only in the table of contents,
and is often used by indexing services such as PubMed.

Thyroid hormone is essential for pregnancy and ensuring foetal development. Pregnancy also places substantial demands on the
thyroid axis. Overt hypothyroidism is associated with substantial adverse obstetric and offspring outcomes and requires treatment.
Borderline thyroid dysfunction (subclinical hypothyroidism and isolated hypothyroxinemia) are common in women and are associated
with adverse obstetric and offspring outcomes although benefits of screening for and treating borderline thyroid function are less
clear. Many women are established on thyroid hormone replacement prior to pregnancy and doses will need increasing during
pregnancy. Care needs to be taken to prevent over-replacement as this may offset benefits observed for IQ and may increase the risk
of ADHD symptoms. Universal thyroid screening in pregnancy is now being undertaken in several countries although it remains a
matter of intense debate



Introduction

Adequate thyroid hormone is essential for maintaining a pregnancy and optimal fetal development'. During the first
half of pregnancy, the fetus 1s entirely dependent on maternal thyroid hormone. Thyroid disorders, particularly low
thyroid function are common in women of childbearing age and are frequently encountered in antenatal clinics. It
1s well established that overt hypothyroidism results in substantially higher risks of adverse pregnancy and offspring
outcomes and all endocrine and obstetric societies recommend treating this. Iodine 1s essential for thyroid hormone
production so adequacy here is vital during pregnancy and in women of reproductive age. There 1s now increasing
evidence that even borderline thyroid function and thyroid auto-immunity are also associated with adverse outcomes
raising the possibility that universal thyroid screening in pregnancy should be considered’. Furthermore, pregnancy
places additional demands on the thyroid axis, so women with adequate thyroid hormone prior to pregnancy may
fail to meet the additional demands of pregnancy.

Clinically thyroid function is assessed by measuring the pituitary hormone - thyroid stimulating hormone (T'SH)
and thyroid hormone levels. The complex inverse relationship between TSH and thyroid hormone results in small
changes in thyroid hormone levels causing larger changes in TSH. It is essential to measure thyroid hormone levels
as well as TSH 1n order to differentiate between overt and subclinical thyroid disease.

lodine status and thyroid function

TIodine is essential for the synthesis of thyroid hormones’. The recommended daily iodine intake in pregnancy has
recently been increased to 250 pg/day which implies a urinary iodine excretion of 150- 250 pg/day as being
adequate”’. Todine deficiency during pregnancy is associated with maternal goitre and results eventually in a reduced
circulating maternal thyroxine concentration. These effects are preventable by iodine supplementation’ and benefits
of this are observed only i both areas of severe 10dine deficiency (24-h urinary 1odine less than 50 pg) and also in
areas of mild to moderate deficiency’. Children born to mothers with profound iodine deficiency show impaired
neuro-intellectual development, sometimes to the extreme of cretinism in severely deficient states. These effects
can be reduced by 1odine administration before and even during gestation and this should be performed in areas of
moderate to severe iodine deficiency’. It is noteworthy that even mild-moderate iodine deficiency in pregnant
women 1s associated with adverse maternal effects including goitre’ and lower 1Q in offspring’. Although a recent
trial did not show benefit on iodine supplementation during pregnancy in areas of mild iodine deficiency” further
studies are required. Assessment of 10dine status 1s challenging and urinary 1odine remains an imperfect marker of
10dine status serum thyroglobulin may become a useful biomarker of 1odine status. Endocrine disruptors such as
perchlorate, may exacerbate 1odine deficiency and may also have a deleterious effect on offspring
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neurodevelopment ",
Impact of pregnancy on the maternal thyroid status

Pregnancy places substantial demands on the maternal thyroid axis these are summarized in Table 1 and Figure 1.
The fetal thyroid is not functional until 18-20 weeks gestation so additional maternal thyroid hormone is required
to meet this demand. Additionally there 1s increased thyroxine binding globulin and increased thyroid hormone
degradation by placental type 3 delodinase” which also increases demands. There is also increased urinary iodine
excretion during pregnancy. Urinary 1odine excretion in pregnancy is maximal in the first trimester followed by a
dechne m the second and third trimesters. It 1s increasingly recognized that countries may have 1odine sufficiency
in the general population, but be insufficient for pregnancy". As a result some countries can be iodine sufficient in
the general adult population, but inadequate for pregnant women, the UK and Russia are notable examples of this".
This 10dine deficiency can result in increased risk of maternal goitre as well as hypothyroidism. The pregnancy



hormone beta hCG does stimulate the thyroid to produce thyroid hormone which will assist with meeting the
mcreased demands on the thyroid axis in pregnancy. Recent data suggests that TPO antibody positive women may
have an impaired thyroidal response to hCG". This may explain why women with thyroid auto-immunity with
positive thyroid peroxidase antibodies (TPO) have increased risk of adverse obstetric outcomes which can be
mdependent of thyroid status.

Assessment of thyrord status during pregnancy

It 1s important to recognize that assessment of thyroid function in pregnancy is more complex than the general adult
population. The above physiological changes in pregnancy have a substantial effect on the interpretation of thyroid
function tests in pregnancy and result in a downward shift of TSH reference intervals. A pragmatic upper limit of
2.5 mU/L was previously advocated for TSH but recent data now shows this threshold to be too low ". One
approach suggested in the current guidelines of the American Thyroid Association (ATA) is to set the pregnancy
reference range at 0.5 mU/L and 0.4 mU/L below the upper and lower non-pregnant reference range respectively,
reflecting the anticipated magnitude of the TSH drop ".

Current ATA guidelines advocate the use of pregnancy specific, local population-based reference ranges where
possible;™ however it is well recognized that such data are not widely available. Assessment of thyroid function in
pregnancy 1s also best done according to pregnancy specific reference-ranges calculated i a population of pregnant
women free of key factors that interfere with thyroid function including women with known thyroid disease
(including thyroid auto-immunity), use of thyroid altering medication, known iodine deficiency and high hCG states
(twin pregnancies or IVF conception). However, it 1s also well established that normal thyroid status changes over
pregnancy and accurate classification of thyroid function m pregnant women requires the use of gestational-age
specific reference ranges”. There is also growing evidence that specific reference ranges may be considered based
on ethnicity”, BMI" and parity”.

With respect to FT'4, the most commonly used immunoassays are prone to biases in pregnancy due to changes in
thyroid binding globulin and albumin concentrations™”. Total T4 is a more predictable alternative as it typically
rises by 509% of baseline values attaining peak levels by 16 weeks gestation . However Total T4 is less clearly
associated with adverse outcomes so many clinicians prefer the use of FI'4. More robust methods such as
equilibrium dialysis, liquid chromatography-tandem mass spectrometry (LC-MS/MS), or FT4 index calculations are

cumbersome to perform and not routinely used .
Classification and epidemiology of thyroid abnormalities

Overt hypothyroidism in pregnancy is defined as a TSH level above the pregnancy specific reference range and a
low level of FT'4. Although women established on levothyroxine make -up around 1% of pregnancies, newly
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diagnosed overt hypothyroidism occurs i approximately 0.2-0.6% of pregnant women ™ . Treatment 1s mandatory
as 1t 1s associated with profound adverse obstetric and offspring development outcomes. The milder forms of low
thyroid dysfunction are subclinical hypothyroidism (IT'SH above the population’s pregnancy reference range, but
normal FT4) and isolated hypothyroxinemia (IH) (Normal TSH with FT'4 in the lowest 2.5% of the reference range)
and these are more common. Subclinical hypothyroidism with an elevated TSH and normal FT'4 concentrations—
can occur i up to 18% of pregnancies depending on the precise definition and TSH assay used. Observational
studies have mdicated that subclinical hypothyroidism 1s associated with adverse pregnancy outcomes, but not
offspring neuro development. In contrast IH 1s associated with adverse outcomes with regard to offspring 1Q and

behavior, but less consistent associations have been observed for pregnancy outcomes.

Overt hypothyroidism



Overt hypothyroidism has been repeatedly associated with substantial adverse impacts on obstetric outcomes and
fetal neuro development. Adverse obstetric outcomes include fetal loss, premature delivery, low birthweight and
pre-eclampisa™. A large case-control study demonstrated that overt hypothyroidism resulted in a 7-point lower 1Q
than women with normal thyroid function”. It is worth noting, that women with adequately treated hypothyroidism
have no higher risk of pregnancy complications, unlike those with untreated hypothyroidism indicating that thyroid

status 1s a clearly reversible risk factor for adverse obstetric outcomes.
Subcilinical hypothyroidism

Numerous studies have identified that subclinical hypothyroidism 1is associated with adverse pregnancy similar to
overt hypothyroidism but as to be expected risk effects are more margnal. From meta-analyses subclinical
hypothyroidism the following outcomes were all statistically significant for adverse outcomes with (95%CI)
provided. The odds of adverse outcomes are as follows - miscarriage (1.90 - 2.01) preterm delivery (1.20 - 1.81)
growth restriction (1.54 - 8.36) pre-eclampsia (1.30 - 2.24) and gestational diabetes (1.28 - 4.33)”. One problem
has been with these analyses 1s that many studies have defined subclinical hypothyroidism differently. What 1s clear
1s that subclinical hypothyroidism does not appear to be associated with adverse neuro-behavioral outcomes in the
offspring.

Isolated hypothyroxinemia

IH was originally considered to be a pregnancy-specific disease, reflecting a state of mild 1odine deficiency. However,
this has now been called into question as it also occurs mn 10dine sufficient areas. Other risk factors for IH include
iron status, BMI and placental angiogenic factors'. TH has been associated with impaired offspring developmental
outcomes “ and has also been associated with offspring verbal delay” autism® and ADHD™ . In contrast to subclinical
hypothyroidism it has not been consistently associated with adverse obstetric outcomes.

Thyroid auto-immunity

Anti-thyroid peroxidase antibodies are found in around 10% of otherwise normal pregnant women. They are a
marker of thyroid auto-immunity and the main risk factor for thyroid dysfunction in pregnancy and i the
postpartum period. Even in euthyroid women TPOAD positivity 1s associated with premature delivery and fetal loss
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although the exact mechanism remains unclear™” . One randomized controlled trial has shown that levothyroxine
administration reduced the risk of fetal loss and premature delivery in euthyroid TPOAb-positive women”. A later
study failed to replicate the benefits for fetal loss but did find a reduction in pre-term delivery”. Women who are
TPOAD positive are at an increased risk of thyroid-related adverse pregnancy outcomes, its interaction with higher
TSH levels means it 1s likely that this risk 1s substantially increased in individuals who also have elevated TSH levels
or those 1n the higher end of the normal range. As highlighted earlier women who are TPOAD positive have an
mmpaired thyroidal response to beta hCG compared to women who are TPOAb negative this may explain its

association with adverse obstetric outcomes and synergistic impact with higher TSH levels.
Trials of Treatment with levothyroxine

All endocrine and obstetric societies recommend treating overt hypothyroidism in pregnancy although there have
been no recent trials in this area, but to have a control group here would be unethical. To date three large
randomized controlled trials have mvestigated the effects of screening for and treating borderline low thyroid
function in pregnancy: these are the controlled antenatal thyroid screening (CATS) study *, a study by Casey et al”
and a recent study by Nazarpour er a/™. These trials are summarized in Table 2. The Nazarpour trial focused on
preterm delivery and 1dentified that levothyroxine may reduce the risk of preterm delivery in individuals with TSH



levels > 4.0 mU/I (RR: 0.38; 95% CI: 0.15 to 0.98; p= 0.04)". Offspring IQ was not assessed in this study. The two
other large randomized controlled trials CATS” and the study by Casey et al” studied the effects of screening and
treating borderline low thyroid function in pregnancy on offspring IQ and pregnancy outcomes. Neither study
showed any beneficial effects of treatment on offspring IQ"”. Reasons for failure to establish benefit aside from no
treatment benefit, include the relatively late initiation of treatment (particularly in the Casey study) and early age of
1Q assessment (particularly in the CATS study). It 1s worth highlighting that neurological development is crucial in
the first 12 weeks of pregnancy. Follow on analysis of the CATS study revealed no apparent benefit of treatment at
age 9 although this was only performed in a subset also showed no treatment benefit. Work in the follow-up CATS
study also 1dentified levothyroxine over-treatment may increase the risk of autism symptoms™. More recent analysis
using data linkage and the majority of the CATS cohort (to include those with normal thyroid function) identified
that levothyroxine treatment significantly reduced the risk of miscarriage/still birth™. Similarly, another prospective
study did identify that levothyroxine reduced the risk of miscarriage and pre-term birth”. However no benefit was
observed with levothyroxine on obstetric outcomes in the Casey study although again this may be due to the relatively

late initiation of treatment”.
Treatment of established hypothyroidism in pregnancy

Approximately 19 of pregnant women are established on levothyroxine prior to pregnancy. In women established
on levothyroxine prior to pregnancy, initial control in pregnancy is often sub-optimal ™ and may be associated with
increased odds of foetal loss™, and optimization should ideally occur prior to conception”. Women of child-bearing
age on levothyroxine should be reminded to increase their pre-conception dose of levothyroxine by 30-509% as soon
as pregnancy 1s confirmed. One approach is to take double their usual levothyroxine dose on 2 days of the week .
It 1s worth noting, that dose increases are often higher in post-surgical or post-ablative hypothyroidism. Women on
levothyroxine should also be aware of important drug interactions with iron supplements and proton pump
mhibitors in particular which can impair levothyroxine absorption. Other drugs to be aware of increase which
mcrease levothyroxine clearance include carbamazepine, rifampicin and valproate. If overt hypothyroidism 1s
diagnosed for the first time in pregnancy, we recommend starting a weight-based dose of 2mcg/kg a day.

Close monitoring of thyroid function is essential in pregnancy we recommend to check thyroid function early in the
first trimester and every 4-6 weeks thereafter. One should i1deally aim for a TSH < 2.5mU/1 in the first trimester and
<3 mU/l in later pregnancy. One should aim to ensure that the FT'4 level is not too high and aim for the upper half
of the reference range. There 1s some evidence that over-replacement with levothyroxine may increase ADHD
symptoms and the relationship of FT'4 and 1Q 1s “U shaped” with both low -normal and high-normal FT'4 are
associated with lower 1Q *“. After delivery we suggest returning levothyroxine to pre-conception dose and to recheck

thyroid function at 6 weeks post-partum.
Screening for and treating low thyroid function in pregnancy

Universal thyroid screening in pregnancy remains contentious’. It is noteworthy that screening for and treating low
thyroid function meets almost all the screening criteria laid down by Wilson and Jungner”. In particular it is an
mmportant asymptomatic health problem, with an accepted treatment and a suitable diagnostic test. It 1s also
economically viable “. However, at present it is still unclear what TSH threshold should be used for treatment in
pregnancy and whether there should be a differential threshold based on TPO status. The criterion 8 “there should
be an agreed policy on who to treat” 1s therefore not met. However, as there 1s widespread variation in clinical
practice at present, this should not necessarily prevent the introduction of universal thyroid screening and indeed
regular audit and review may establish more definitive treatment thresholds. Current ATA guidance takes into

account the potential for interaction by TPO antibody status in its guidance, but did not recommended for or against



universal thyroid screening”. This has not prevented some countries including Spain China and Poland from
implementing universal thyroid screening. It 1s however accepted that targeted screening should be performed in
those women at high risk for thyroid disease™" . Women deemed at high risk for thyroid disease in pregnancy
mclude those with previous thyroid disease, a visible goitre, symptoms suggestive of hypo or hyperthyroidism, those
with a family history of thyroid disease, those with a history of type 1 diabetes or other auto-immune conditions
mcluding positive thyroid antibodies, and women with a previous history of infertility, fetal loss or infertility.
However this targeted approach would miss approximately one third of women with significant thyroid dysfunction®.
This high risk screening approach has been further called into question as universal thyroid screening is pregnancy
appears to cost-effective; screening solely for overt hypothyroidism also had a cost-effectiveness ratio of
$6,776/QALY (quality adjusted life-year)" which is favorable compared to gestational diabetes mellitus screening
($12,078/QALY) and is substantially below the $50,000/QALY figure used in the United States as a criterion for
screening decisions. This work also indicated universal screening appears to be more cost-effective than targeted

screening.

Conclusion

Despite the dramatic recent advances i our knowledge of thyroid physiology in pregnancy and the consequences
of 1its variation, further research 1s still required. Delete need In particular prospective trials of ear/y screening of
thyroid function in pregnancy with both obstetric and developmental outcomes assessed. Continued advocacy of
1odine sufficiency in pregnancy and assessment of endocrine disruptors are also needed. In current practice

monitoring of thyroid function in early pregnancy needs urgent optimization.



Table 1 Physiological changes that influence thyroid function in pregnancy

Physiological change

Effect on thyroid function
test results

Impact on interpretation of
thyroid function tests

1 Thyroxine binding globulin

1 Serum Total T3 and T4
concentrations

Total thyroid hormone levels
may be misleading -need to
rely on free thyroid hormone
levels

1 human chorionic
gonadotrophin secretion

1 Free T4 and | TSH

High human chorionic
gonadotrophin levels may
result in gestational
thyrotoxicosis. This usually
only requires symptomatic
treatment but needs to be
distinguished from
pathological thyroid disease.
Response possibly impaired
i TPO antibody positive
women

1 Iodine excretion

| Thyroid hormone
production in 10dine
deficient

areas

Need to be mindful of 10dine
deficiency and ensure
optimal intake 1deally prior
to conception

1 Plasma volume

1 T3 and T4 pool size

Increased Type 3 5-
delodinase (inner ring
delodination) activity from
the placental

1 T3 and T4 degradation

May explain in part the
mcreasing thyroid demand
pregnancy

Thyroid enlargement (in
some women)

Increased thyroglobulin

Small goitres are common n
pregnancy, but may be a sign
of low thyroid function so
merits thyroid function
testing

Adapted from the Oxford Textbook of Diabetes and Endocrinology, Chapter 9.1 General considerations relating
to thyroid disease 1in pregnancy by Peter N Taylor, LDKE Premawardhana, John H Lazarus




Table 2

recruitment (weeks)

Screening 12.3 (11.6 -
13.6)

Controls 12,3 (11.6 -
13.5)

Screening 16.6 (3.0)
Controls 16.7 (3.0)

CA'TS Casey Nazarpour
Year 2012 2017 2018
Countries n trial UK, Italy USA Iran
Number with low thyroid | 794 677 366
function randomised
Placebo-controlled No Yes No
Gestational age at Median (IQR) Mean (SD) Mean (SD)

Screening 11.4 (4.1)
Controls 12.2 (4.3)

Baseline TSH mU/1

Median (IQR)
Screening UK 3.8 (1.5-
4.7)

Screening Italy

3.1 (1.3-4.0)

Controls UK 3.2 (1.2 -
4.2)

Controls Italy

2,4 (1.3-3.9)

Mean (959%CI)
Screening 4.5 (4.4-4.7)
Control 4.3 (4.2 -4.5)

Median (IQR)
Screening 3.8 (2.8-4.8)

Outcomes assessed

1Q age 3, IQ age 9
Obstetric outcomes
(analysed later and only in
UK participants)

Pregnancy outcomes,
offspring 1Q and
behaviour

Preterm delivery

Benefit of levothyroxine

No benefit with regard to
1Q. Potential reduction in
foetal loss.

No benefits observed with
regard to pregnancy
outcomes and offspring

1IQ

May reduce pre-term
delivery at TSH levels >
4.0 mU/1




Figure 1 Effects of Pregnancy on thyroid function
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Figure 2 TSH FT'4 and hCG levels over pregnancy.

TSH

hCG

FT4

Conception Week 10 Birth



References

10

11

12

13

14

15

16

17

18

Korevaar, T. . M., Medici, M., Visser, T. ). & Peeters, R. P. Thyroid disease in pregnancy: new insights in diagnosis and
clinical management. Nature reviews. Endocrinology 13, 610-622, doi:10.1038/nrendo.2017.93 (2017).

Taylor, P. N. et al. Thyroid Screening in Early Pregnancy: Pros and Cons. Frontiers in endocrinology 9, 626,
doi:10.3389/fend0.2018.00626 (2018).

Zimmermann, M. B. lodine deficiency. Endocr Rev 30, 376-408, doi:10.1210/er.2009-0011 (2009).

Zimmermann, M. B., Gizak, M., Abbott, K., Andersson, M. & Lazarus, J. H. lodine deficiency in pregnant women in Europe.
The lancet. Diabetes & endocrinology 3, 672-674, do0i:10.1016/s2213-8587(15)00263-6 (2015).

Taylor, P., Vaidya, B., Taylor, P. & Vaidya, B. lodine Supplementation in Pregnancy - is it time? Clin Endocrinol (Oxf),
doi:10.1111/cen.13065 (2016).

Zimmermann, M. B. lodine deficiency in pregnancy and the effects of maternal iodine supplementation on the offspring: a
review. The American journal of clinical nutrition 89, 6685-672S, doi:10.3945/ajcn.2008.26811C (2009).

Taylor, P. N., Okosieme, O. E., Dayan, C. M. & Lazarus, J. H. Therapy of endocrine disease: Impact of iodine supplementation
in mild-to-moderate iodine deficiency: systematic review and meta-analysis. European journal of endocrinology / European
Federation of Endocrine Societies 170, R1-R15, doi:10.1530/eje-13-0651 (2014).

Taylor, P. N., Razvi, S., Pearce, S. H. & Dayan, C. M. A review of the clinical consequences of variation in thyroid function
within the reference range. J Clin Endocrinol Metab 98, 3562-3571, doi:10.1210/jc.2013-1315 (2013).

Bath, S. C,, Steer, C. D., Golding, J., Emmett, P. & Rayman, M. P. Effect of inadequate iodine status in UK pregnant women
on cognitive outcomes in their children: results from the Avon Longitudinal Study of Parents and Children (ALSPAC). Lancet
382, 331-337, doi:10.1016/s0140-6736(13)60436-5 (2013).

Gowachirapant, S. et al. Effect of iodine supplementation in pregnant women on child neurodevelopment: a randomised,
double-blind, placebo-controlled trial. The lancet. Diabetes & endocrinology 5, 853-863, doi:10.1016/s2213-8587(17)30332-
7 (2017).

Bellanger, M., Demeneix, B., Grandjean, P., Zoeller, R. T. & Trasande, L. Neurobehavioral deficits, diseases, and associated
costs of exposure to endocrine-disrupting chemicals in the European Union. J Clin Endocrinol Metab 100, 1256-1266,
doi:10.1210/jc.2014-4323 (2015).

Taylor, P. N. et al.? ref ok like this or do they want 3 authors et al Maternal perchlorate levels in women with borderline
thyroid function during pregnancy and the cognitive development of their offspring: data from the Controlled Antenatal
Thyroid Study. J Clin Endocrinol Metab 99, 4291-4298, doi:10.1210/jc.2014-1901 (2014).

Brent, G. A. Maternal thyroid function: interpretation of thyroid function tests in pregnancy. Clinical obstetrics and
gynecology 40, 3-15 (1997).

Taylor, P. N. et al. Global epidemiology of hyperthyroidism and hypothyroidism. Nature reviews. Endocrinology,
doi:10.1038/nrendo.2018.18 (2018).

Taylor, P. N. et al. Global epidemiology of hyperthyroidism and hypothyroidism. Nature reviews. Endocrinology 14, 301-316,
doi:10.1038/nrendo0.2018.18 (2018).

Korevaar, T. I. et al. Thyroid Autoimmunity Impairs the Thyroidal Response to Human Chorionic Gonadotropin: Two
Population-Based Prospective Cohort Studies. J Clin Endocrinol Metab 102, 69-77, doi:10.1210/jc.2016-2942 (2017).

Medici, M., Korevaar, T. |., Visser, W. E., Visser, T. J. & Peeters, R. P. Thyroid function in pregnancy: what is normal? Clinical
chemistry 61, 704-713, doi:10.1373/clinchem.2014.236646 (2015).

Alexander, E. K. et al. 2017 Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid
Disease During Pregnancy and the Postpartum. Thyroid 27, 315-389, doi:10.1089/thy.2016.0457 (2017).



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Stricker, R. et al. Evaluation of maternal thyroid function during pregnancy: the importance of using gestational age-specific
reference intervals. European journal of endocrinology / European Federation of Endocrine Societies 157, 509-514,
doi:10.1530/eje-07-0249 (2007).

Korevaar, T. |. et al. Ethnic differences in maternal thyroid parameters during pregnancy: the Generation R study. J Clin
Endocrinol Metab 98, 3678-3686, doi:10.1210/jc.2013-2005 (2013).

Korevaar, T. I. et al. Stimulation of Thyroid Function by Human Chorionic Gonadotropin During Pregnancy: A Risk Factor for
Thyroid Disease and a Mechanism for Known Risk Factors. Thyroid 27, 440-450, doi:10.1089/thy.2016.0527 (2017).

Ross, D. S. et al. 2016 American Thyroid Association Guidelines for Diagnosis and Management of Hyperthyroidism and
Other Causes of Thyrotoxicosis. Thyroid 26, 1343-1421, doi:10.1089/thy.2016.0229 (2016).

Krassas, G. E., Poppe, K. & Glinoer, D. Thyroid Function and Human Reproductive Health. Endocrine Reviews 31, 702-755,
do0i:10.1210/er.2009-0041 (2010).

van den Boogaard, E. et al. Significance of (sub)clinical thyroid dysfunction and thyroid autoimmunity before conception
and in early pregnancy: a systematic review. Human reproduction update 17, 605-619, doi:10.1093/humupd/dmr024
(2011).

Haddow, J. E. et al. Maternal thyroid deficiency during pregnancy and subsequent neuropsychological development of the
child. N Engl J Med 341, 549-555, d0i:10.1056/nejm199908193410801 (1999).

Velasco, |. & Taylor, P. Identifying and treating subclinical thyroid dysfunction in pregnancy: emerging controversies.
European journal of endocrinology / European Federation of Endocrine Societies 178, D1-d12, doi:10.1530/eje-17-0598
(2018).

Korevaar, T. . et al. Association of maternal thyroid function during early pregnancy with offspring IQ and brain morphology
in childhood: a population-based prospective cohort study. The lancet. Diabetes & endocrinology 4, 35-43,
doi:10.1016/s2213-8587(15)00327-7 (2016).

Henrichs, J. et al. Maternal thyroid function during early pregnancy and cognitive functioning in early childhood: the
generation R study. J Clin Endocrinol Metab 95, 4227-4234, doi:10.1210/jc.2010-0415 (2010).

Roman, G. C. et al. Association of gestational maternal hypothyroxinemia and increased autism risk. Annals of neurology,
doi:10.1002/ana.23976 (2013).

Vermiglio, F. et al. Attention deficit and hyperactivity disorders in the offspring of mothers exposed to mild-moderate
iodine deficiency: a possible novel iodine deficiency disorder in developed countries. J Clin Endocrinol Metab 89, 6054-6060,
doi:10.1210/jc.2004-0571 (2004).

Korevaar, T. I. et al. Hypothyroxinemia and TPO-antibody positivity are risk factors for premature delivery: the generation R
study. J Clin Endocrinol Metab 98, 4382-4390, doi:10.1210/jc.2013-2855 (2013).

Thangaratinam, S. et al. Association between thyroid autoantibodies and miscarriage and preterm birth: meta-analysis of
evidence. Bmj 342, d2616, doi:10.1136/bmj.d2616 (2011).

Negro, R. et al. Levothyroxine treatment in euthyroid pregnant women with autoimmune thyroid disease: effects on
obstetrical complications. J Clin Endocrinol Metab 91, 2587-2591, doi:10.1210/jc.2005-1603 (2006).

Nazarpour, S. et al. Effects of levothyroxine treatment on pregnancy outcomes in pregnant women with autoimmune
thyroid disease. European journal of endocrinology / European Federation of Endocrine Societies 176, 253-265,
doi:10.1530/eje-16-0548 (2017).

Lazarus, J. H. et al. Antenatal thyroid screening and childhood cognitive function. N Engl J Med 366, 493-501,
doi:10.1056/NEJM0al1106104 (2012).

Casey, B. M. et al. Treatment of Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy. N Engl J Med 376, 815-825,
doi:10.1056/NEJM0al606205 (2017).

Casey, B. M. et al. Treatment of Subclinical Hypothyroidism or Hypothyroxinemia in Pregnancy. New England Journal of
Medicine 376, 815-825, doi:10.1056/NEJM0al606205 (2017).



38

39

40

41

42

43

44

45

46

Bartalena, L. et al. Meeting abstracts from the 64th British Thyroid Association Annual Meeting. Thyroid Research 10, 2,
doi:10.1186/513044-016-0036-8 (2017).

Taylor, P. N. et al. TSH Levels and Risk of Miscarriage in Women on Long-Term Levothyroxine: A Community-Based Study. J
Clin Endocrinol Metab, jc20141954, doi:10.1210/jc.2014-1954 (2014).

Okosieme, O. E., Khan, |. & Taylor, P. N. Preconception management of thyroid dysfunction. Clin Endocrinol (Oxf) 89, 269-
279, doi:10.1111/cen.13731 (2018).

Yassa, L., Marqusee, E., Fawcett, R. & Alexander, E. K. Thyroid hormone early adjustment in pregnancy (the THERAPY) trial. J
Clin Endocrinol Metab 95, 3234-3241, doi:10.1210/jc.2010-0013 (2010).

Korevaar, T. . et al. Association of maternal thyroid function during early pregnancy with offspring IQ and brain morphology
in childhood: a population-based prospective cohort study. The lancet. Diabetes & endocrinology, doi:10.1016/s2213-
8587(15)00327-7 (2015).

Wilson, J. & Jungner, G. Principles and practice of screening for disease. Geneva: World Health Organization, 1968. Public
health papers 34 (2011).

Dosiou, C. et al. Cost-effectiveness of universal and risk-based screening for autoimmune thyroid disease in pregnant
women. J Clin Endocrinol Metab 97, 1536-1546, doi:10.1210/jc.2011-2884 (2012).

De Groot, L. et al. Management of Thyroid Dysfunction during Pregnancy and Postpartum: An Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab 97, 2543-2565, doi:10.1210/jc.2011-2803 (2012).

Vaidya, B. et al. Detection of thyroid dysfunction in early pregnancy: Universal screening or targeted high-risk case finding? J
Clin Endocrinol Metab 92, 203-207, doi:10.1210/jc.2006-1748 (2007).



