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RESUMO

A gravidez é um estado capaz de induzir multiplas altea¢ces na fisiologia da glandula tirdide,
levando a um aumento dos niveis de T3 e T4 durante toda a gestacdo e a uma diminuicado
nos niveis de TSH, dominante na primeira metade da gravidez (1-5). A importancia das
hormonas tiroideias para o desenvolvimento placentar e fetal ja foi demonstrada em estudos
animais e suportada por estudos em humanos (4). Existe uma prevaléncia de 2-3% de
patologia tiroideia durante a gravidez e a avaliacdo da funcéo tiroideia durante a gestagéo
deve ser realizada por analise dos niveis de TSH e FT4 ou TT4, usando intervalos especificos
para a populacdo em questéo ou, quando estes ndo estdo disponiveis, os intervalos definidos
pela ATA ou ETA (6-11).

O hipotiroidismo subclinico (HSC) representa uma forma moderada, compensada ou pré-
clinica de hipotiroidismo primério e é definido por niveis elevados de TSH na presenca de
niveis normais de FT4 (12-15). Esta é considerada a patologia tiroideia mais prevalente
durante a gravidez, com estudos sugerindo prevaléncias tdo altas como 15% (8,14,16). As
mulheres com HSC durante a gravidez podem ser assintomaticas, ou apresentar alguma
sintomatologia fruste como cansaco e intolerédncia ao calor. Uma vez que estes sintomas
podem ser relacionados com o estado gravidico por si s6, 0 HSC tem um diagnéstico
bioquimico (17). A principal causa de HSC em areas cuja populagdo ndo apresenta caréncia
de iodo € a autoimunidade, estando especialmente relacionado com a presenca de
autoanticorpos TPOAb e TGADb (8). Embora a literatura possa demonstrar alguns resultados
contraditérios, € bem aceite entre a populacdo médica e cientifica que o HSC durante a
gravidez esta relacionado com consequéncias negativas para a méae e feto, tais como aborto
espontaneo, parto pré-termo, hipertensédo gestacional, diabetes gestacional, pré-eclampsia,
descolamento prematuro da placenta, indice Apgar baixo, baixo peso ao nascimento, morte
perinatal e diminuicdo do QI na crianca (17,18). Métodos de rastreio baseados numa
abordagem universal ou numa estratégia oportunista estdo a ser discutidos, no entanto, a
maioria das associagdes cientificas reconhecidas continua a defender uma abordagem caso-
a-caso (19,20).

Ao longo dos ultimos anos, diferentes estudos tém sido publicados, tentando medir os
beneficios da levotiroxina (LT4) no tratamento do HSC, com o objetivo de diminuir as suas
consequéncias negativas durante a gravidez (21,22,31-34,23-30). A LT4 é um levo-isbmero
da tiroxina com a mesma atividade bioquimica que a hormona enddgena e a sua utilizacéo na
gravidez é segura (35). Os estudos realizados em relagdo a LT4 apresentam alguns
resultados contraditérios, com alguns concluindo a favor e outros contra a sua utilizagdo no
HSC (21,22,31-34,23-30). No que diz respeito a dose inicial que deve ser utilizada quando o

tratamento é iniciado, e ao controlo do mesmo, estudos tém concluido que esta dose pode



ser definida sem ter em conta o nivel de TSH inicial e que, independentemente da dose, testes
de funcéo tiroideia devem ser elaborados periodicamente e o ajuste de dose deve ser feito

sempre que necessario(4,36—39).

A grande maioria dos estudos realizados mostra um claro beneficio do tratamento do HSC
durante a gravidez, especialmente por diminuir o risco de aborto espontédneo e parto pré-
termo. Corroborando isto, as orientacdes da ATA e ETA recomendam o tratamento. Posto
isto, cada pais deve definir os seus proprios valores de referéncia, de modo a fazer um correto

diagndstico e tratamento do HSC durante a gravidez.(10,11)

Palavras-chave: gravidez, hormona estimulante da tiroide, hipotiroidismo subclinico,

tratamento, levotiroxina



ABSTRACT

Pregnancy is a stage able to induce many physiological changes in thyroid gland leading to an
increase in T3 and T4 levels during all pregnancy and a decrease in TSH levels, especially
during the first half of preghancy (1-5). The importance of thyroid function in placental and
foetal development is supported by human data and has been demonstrated in animal models
(4). Thyroid disease during pregnancy have an estimated prevalence of 2-3% and screening
for thyroid hormone alterations in pregnancy must be performed by measuring TSH and FT4
or TT4 concentration using specific population-based pregnancy reference ranges or, when

unavailable, ATA or ETA reference ranges (6-11).

SCH represents a mild, compensated or preclinical form of overt hypothyroidism and is defined
as elevated TSH levels with normal FT4 (12-15). It is considered to be the most prevalent
thyroid disorder during pregnancy with some studies finding prevalence as high as 15%
(8,14,16). Pregnant women with SCH can be asymptomatic or present few symptoms of
hypothyroidism such as fatigue or cold intolerance. Since these symptoms can be easily
related to normal pregnant status, SCH is a biochemical diagnosed (17). The primary cause
of SCH in iodine sufficient areas is autoimmunity, being especially related with auto-antibodies
TPOAb and TGAb (8). Although literature can have some mixed results, it is well accepted
among both medical and scientific population that SCH is related with negative pregnancy
outcomes such as miscarriage, preterm delivery, gestational hypertension, gestational
diabetes, pre-eclampsia, placental abruption, low Apgar score, LBW, neonatal death and
decreased IQ in the offspring (17,18). An universal vs case-finding approach for screening
thyroid disease during pregnancy keep being discussed, with the majority of the worldwide

recognized associations defending a case-finding approach (19,20).

In order to lower the risk of negative outcomes related to SCH during pregnancy many studies
have been performed on the last few years measuring the benefits on treating SCH with LT4
(21,22,31-34,23-30). LT4 is a levo-isomer of thyroxine with the same biochemical activity as
the endogenous hormone and is proven to be safe during pregnancy and breast feeding (35).
On the studies made for LT4 treatment during pregnancy there are some mixed results, with
some studies favouring treatment and others against it (21,22,31-34,23-30). Concerning the
dose that should be used and the management that should be done in pregnant women going
through LT4 treatment, some different studies have shown that starting dose may not depend
on TSH levels and, regardless the chosen starting dose, regular thyroid function tests must be

performed and dose adjustment should be done (4,36-39).

Most of studies show a clear benefit on treating SCH during pregnancy, especially in lowering

the risk for miscarriage and preterm delivery. Besides this, ATA and ETA guidelines support



the treatment of women with SCH during pregnancy. Hereupon, every country must define
population-based cut offs for TSH levels in order to perform a correct diagnostic and treatment
of SCH during pregnancy (10,11).

Key words: pregnancy, thyroid-stimulating hormone, subclinical hypothyroidism, treatment,
levothyroxine
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INTRODUCTION
Thyroid function during pregnancy

Pregnancy is a stage able to affect many endocrine functions and hypothalamic-pituitary-
thyroid axis is no exception (1). Is well documented that a mild enlargement of the thyroid gland
occurs which reflects the physiological changes (2). Placental human chorionic gonadotropin
(HCG) peaks at 7-12 weeks of pregnancy causing an increase of oestrogen levels that will
stimulate the liver to produce thyroxin binding globulin (TGB) and this will be maintained until
the moment of delivery (3). On the other hand, the HCG itself has a weak thyrotrophic activity
able to stimulate hormonal production in maternal thyroid gland. This will result in increased
triiodothyronine (T3) and thyroxine (T4) levels during first trimester of pregnancy that will be
maintained until the time of delivery (4,5). High T3 and T4 levels plus cross-reactivity of HCG
to the thyroid-stimulating hormone (TSH) receptor on thyroid gland will result in significant
lower TSH levels, especially during the first half of pregnancy (2). The placenta, rich in
deiodinase type 3 enzymes (D3), metabolizes maternal thyroid hormones and the foetus
receives relevant levels of those hormones in every stage of gestation, especially before
endogenous foetal production which begins around 18 weeks (4).

The importance of thyroid function in placental and foetal development is supported by human
data and has been demonstrated in animal models (4). It regulates migration, proliferation and
differentiation of neuronal cells on the foetus, as well as myelination and synaptogenesis (40).
Thyroxin also has a huge influence in foetal size and tissue maturation in preparation for life.
Besides that, thyroid hormones directly affect uteroplacental development, henceforward they
can influence pregnancy outcomes (4). Colicchia et al. has demonstrated that a local action of
thyroid hormone on reproductive female organs and in early pregnancy during the embryo

implantation is crucial for a successful pregnancy (41).

Thyroid disease during pregnhancy

Pathological function of thyroid gland is 4 to 5 times more prevalent in women when compared
to men, especially during fertile age (6). During pregnancy, at least 2-3% of women suffer from
thyroid dysfunction and around 10% have autoimmune thyroid disease despite euthyroidism
(5). There are three principal factors that influence thyroid function during pregnancy: the
hormonal requirements, the supply of iodine, and the integrity of the gland (6). In iodine-
sufficient populations the majority of thyroid disorders are owing to the autoimmune thyroid
pathologies, namely Hashimoto’s thyroiditis and Grave’'s disease, even though iodine
deficiency is the most common cause of gestational thyroid disfunction worldwide (7).

Screening for thyroid alterations in nonpregnant adults consists of a TSH and eventual free T4
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(FT4) evaluation levels (8). Due to changes in thyroid physiology, pregnant women need new

reference ranges for T4 and TSH levels (2).

Serum TSH levels evaluation is the gold standard for assessment of thyroid function (3).
Measurement of TSH by high sensitivity immunometric assays of third generation is the most
accurate test, once it has a functional sensitive of 0.01 mU/L, wish is particularly useful to
quantification of physiological low TSH concentration in early pregnancy (9). However, studies
have shown that differences between analysis methods are not clinically significant (10). A
descendant shift of the TSH reference levels occurs during pregnancy, with a reduction of
about 0.1-0.2 mU/L on the lower limit and of about 0.5-1.0 mU/L on the upper limit. Once this
decrease is mostly due to high HCG levels, it is important to notice that multiple pregnancies

are expected to have a bigger reduction (10).

Even with this information, controversy continues about the upper limit of the normal reference
range for TSH in iodine sufficient areas and population (9). The American Thyroid Association
(ATA) released new guidelines in 2017 that have defined the upper TSH reference limit of
4.0mU/L (10). To defend this limit, analysis of the FT4 and TSH “set point” in pregnant women
were made and showed that minor decreases in FT4 were observed only when the serum TSH
level was greater than 4.8 mU/L (10). With regard to the lower limit, it is important to notice
that subclinical hyperthyroidism has not been associated with bad outcomes in pregnancy and
so is defined as “not clinically significant” (10). The European Thyroid Association (ETA)
guidelines from 2014 suggests the following reference range: 0.1 to 2.5 mU/l to the first
trimester; 0.2 to 3.0 mU/I to the second trimester; 0.3 to 3.0—3.5 mU/I to the third trimester (11).
The authoritative US National Academy of Clinical Biochemistry (NACB) guidelines state that
greater than 95% of healthy euthyroid pregnant woman have a serum TSH concentration
between 0.4 and 2.5 mU/L (9). A study by Carty et al with 4643 pregnant women conclude
that using a cut-off of 2.5 mU/I as upper limit to serum TSH concentration in pregnancy means
that over 12% of subjects would be classified as having a thyroid disorder and treatment and
monitoring of these women would have major economics and planning services implication
(42). Liu et al. referred an increase in miscarriage in women with TSH levels between 5.22 and
10 mU/L. Taylor et al. found no increase in miscarriage if the TSH levels on the first trimester
was less than 4.5 mU/L. These studies together suggest that a normal TSH upper cut-off of
2.5 to 3 mU/L may be too restrictive (8). Besides this controversy, it is accepted by all medical
community that normal TSH ranges varies with age, gender, ethnicity, body mass index (BMI)
and pregnancy status and population-based trimester laboratory ranges should be defined and

applied if possible (10-12).
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The measurement of FT4 in pregnancy is difficult, due to a decrease in albuminemia and a
high circulation level of TBG (2,3). In addition, conventional immunoassays for measurement
of FT4 are not well standardized for pregnancy, possibly leading to an inaccurate diagnosis
(8). In one study of two commercially available immunoassays to measure FT4 levels, 70% of
women were falsely diagnosed with low values (13). The FT4 index is an indirect calculation
created to provide more reliable measurement of FT4 in pregnancy (8). Also, a solid-phase
extraction liquid chromatography-tandem mass spectrometry method created seems to be
reliable but is not widely available (2). Other systems of direct measurement, such as
measurement by equilibrium dialysis or ultrafiltration, are less influenced by the pregnancy

associated changes in serum proteins but are significantly more expensive (10).

The methodology used for total T4 (TT4) is more reliable, since only 0,03% of TT4 is unbound
and TT4 levels are given in nanomolar range while FT4 are given in picomolar range (7).
Although, changes in TT4 levels along pregnancy in euthyroid women have been previously
showed, this changes are predictable, with an increase from weeks 7-16 in TT4 concentration
that remain elevated until delivery and ultimately reaching 1,5 times the pre-pregnancy level
(8,10,13). Therefore, an acceptable clinically upper level determination can be estimated by
shifting the pre-pregnancy limit 50% higher when the measurement is made after 16 weeks of
pregnancy (10,11). Otherwise, a calculation can be made based on increasing the pre-
pregnancy reference limit by 5% per week, starting in week 7 (10). A study made by Wilson et
al. conclude that when combined with TSH levels, FT4 or FF4 determinations using the
common immunoassays are equally sensitive to identify women with thyroid disfunction (13).
The most recent ATA guidelines recommend that when FT4 assay is used, method-specific
and trimester specific pregnhancy reference ranges should be applied. Otherwise, TT4
measurement is a reliable method to estimate hormone concentration in the last part of
pregnancy (10). ETA recommendations from 2014 suggests that TT4 and FT4 assays are both
suitable for thyroid function testing in pregnancy but trimester specific ranges should be

established in each hospital based on their population (11).

Subclinical hypothyroidism

Subclinical hypothyroidism (SCH) represents a mild, compensated or preclinical form of overt
hypothyroidism and is defined as elevated TSH level with normal FT4 (12,14,15). Although, in
theory, the diagnosis of SCH does not imply an upper TSH level as long as T4 remains within
the normal range, the ATA, ETA and American Association of Clinical Endocrinologists (AACE)
have recommended that any pregnant women with TSH level above 10mU/L and normal FT4
should be diagnosed and treated as having overt hypothyroidism (10,11,17). Pregnant women
with SCH can be asymptomatic or present few symptoms of hypothyroidism such as cold

intolerance and fatigue, symptoms that can be easily confused with hormal pregnancy status
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(21). Hereupon, SCH is a biochemical diagnosis and cannot be based on the symptoms
presented by the patient (17). The prevalence of SCH varies largely rendering to local iodine
status, trimester of pregnancy and TSH range used as diagnostic criteria (43). However, the
vast majority of literature refers a prevalence of 2 to 3%, with some studies finding prevalence
of 6.8% and even 15% (8,14,16).

For the last few years a huge number of studies have been made in order to define which are
the complications associated with SCH (22). Results from various studies are indistinct mostly
due to differences and limitations in study design, inadequacy of the population sample and
nonstandardized definition of SCH (3,14). The most recent results have shown some
association between SCH in pregnancy and multiple negative outcomes in the mother and the
foetus, including spontaneous abortion, preterm birth, gestational hypertension, gestational
diabetes, pre-eclampsia, placental abruption, low Apgar score, low birth weight (LBW),
neonatal death and decreased IQ in the offspring (17,18). In 2009, Benhadi et al. reported a
60% increase in the rate of child loss for each doubling of TSH level above the normal range
(44). Similarly, in 2010 Negro et al. found that women with TSH level between 2.5 and 5.0
mU/L had a 60% increase in miscarriage when compared with pregnant women whose TSH
level was above 2.5 mU/L (9). Ashoor et al., in 2010, found that pregnant women who went
through foetal loss had an increase in median TSH multiple of the median (MoM) and a
decrease in FT4 MoM (5). In 2014, Liu et al. published a prospective cohort with pregnant
women in the first trimester with TSH upper cut-off of 5.22 mU/L and did not found an increased
risk of miscarriage with SCH in the absence of autoimmune factor (8). When studying another
obstetrical complications and their association with SCH, Casey et al. (2005) demonstrated a
significant association while Cleary-Goldman et al. (2008) and Mannisto et al. (2009) related
these complications only with thyroid autoimmunity (5). In 2012, Lazarus et al., published a
study showing no association between a low QI in children and SCH during pregnancy (8).
More recently, Maraka et al. published, in 2015, a metanalysis concluding that SCH is
associated with higher risk of pregnancy loss, placental abruption, premature rupture of
membranes (PROM) and neonatal death (18). In the same year, Chan et al. published one
other metanalysis with very similar results, showing a significantly increased risk of prematurity
and placental abruption (4). Table | and Table Il can clarify the latest principal metanalyses

and observation studies, respectively, and their results.
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Table | — Metanalyses about outcomes of SCH in pregnancy

Study Year Results OR (95% CI) Ref.
Toulis et al. 2014 Gestational diabetes 1.39 (1.07-1.79) (45)
Chan et al. 2015 Prematurity 1.30 (1.05-1.60) 4)
Placental abruption 2.16 (1.15-4.06)
Maraka et al. 2015 Miscarriage 2.01 (1.66-2.44) (18)
Preterm delivery 1.20 (0.97-1.50)
Growth restriction 1.70 (0.83-3.50)
Pre-eclampsia 1.30 (1.00-1.68)
Gestational Diabetes 1.28 (0.90-1.81)
Tong et al. 2016 Growth restriction 1.54 (1.06-2.25) (46)
Gong et al. 2016 Gestational diabetes 1.39 (1.07-1.79) 47
Van den Boogaard et al. 2016 Pré-eclampsia 1.70 (1.10-2.64) (48)
Gestacional diabetes 1.40 (0.64-2.80)
Perinatal mortality 2.7 (1.60-4.72)
Zhang et al. 2017 Miscarriage 1.90 (1.59-2.27) (49)
Table Il — Observational studies about outcomes of SCH in pregnancy
Study Year Results OR (95% CI) Ref.
Wang et al. 2012 Spontaneous abortion 1.75 (1.05-2.90) (50)
Karakosta et al. 2012 Gestational diabetes 1.81 (1.08-1.73) (51)
Chen et al. 2014 Pre-eclampsia 2.24 (1.25-4.02) (52)
Growth restriction 3.36 (1.75-6.38)
Ying et al. 2016 Gestational diabetes 1.81 (1.08-1.73) (53)
Plowen et al. 2016 No association found (54)
Arbib et al. 2017 Preterm delivery 1.81 (1.02-3.28) (55)

In resume, even with some distinct results the vast majority of studies indicates that SCH in

pregnancy comes with negative outcomes to the mother and foetus (56).

Anti-thyroid antibodies and Subclinical Hypothyroidism

The primary cause of SCH in iodine sufficient areas is autoimmunity (8). There are multiple

anti-thyroid antibodies but the most common and well known are anti-thyroid peroxidase
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antibodies (TPOADbs) and anti-thyroglobulin antibodies (TGAb). Around 5 to 15% of women in
fertile age are positive for thyroid antibodies (8). In a study of 992 women who accessed a
centre for infertility, the overall prevalence of autoimmunity for thyroid antibodies was 16%,
with 8% having both antibodies, 5% having TGAb and 4% having TPOADb (17). Epidemiological
studies made during the first two trimesters of pregnancy showed that 30-60% of pregnant
women tested for TPOAb were positive (43). Although, only a proportion of women positive for
thyroid auto-antibodies will have SCH and most will remain euthyroid (8). In a study realized
by Loh et al. they found that TSH concentrations were significantly higher (2.0 vs 1.6 mUI/L,
p=0.04) and total T3 (TT3) concentrations were slightly lower (1,3 vs 1.4 pmol/L, p=0.032) in
women with TPOADb antibodies when compared with those without TPOAb (14).

It is well known that in pregnant women who are euthyroid but are positive to TPOAb
antibodies, there is a higher risk of miscarriage rates and preterm delivery (8). Hypotheses for
this association can include differences in maternal thyroid hormone status, the proposition
that anti-thyroid antibodies represent an epiphenomenon indictive of a generalized immune
process or that this antibodies have a direct impact on the interaction between the foetus and
placenta (2). Now, a systematic review have shown that the presence of autoimmune thyroid
disease in women with SCH can increase the risk for preeclampsia and perinatal mortality,
besides the association with miscarriage and preterm birth studied before (14,48). Due to the
above-mentioned if TSH levels are raised, TPOAb should be measured to establish a diagnose
of autoimmune thyroid disease and measurement of TGADb should too be considered (17).
Though, postpartum thyroid disfunction can occur in 50% of these women, mostly manifested
by postpartum thyroiditis (8). In this sense, TSH and FT4 concentrations should be measured
six weeks postpartum (15). To finalize, it is important to notice that because pregnancy is a
state of immunosuppression, thyroid antibody titters can decrease till 60% in the second half
of pregnancy (17).

lodine status and Subclinical Hypothyroidism

During pregnancy the iodine requirement is increased by about 50% due to a higher production
of thyroid hormone, the exacerbation of renal loss of iodine by the increased glomerular
filtration rate and the needs of the foetus to produce thyroid hormone in the second half of
pregnancy (17). Both maternal and foetal hypothyroidism, in overt and subclinical forms, can
result from severe to moderate iodine deficiency during pregnancy and led to an increase risk
of congenital abnormalities and decreased IQ in children (2). lodine deficiency can also raise
the risk of poor obstetrical outcomes such abortion, prematurity and stillbirth (17). Low iodine
levels are also indicated as the leading cause for isolated hypothyroxinaemia which can exert
a negative influence in foetal brain development (5). Inadequate intake of iodine is seen in both

developing and developed countries, with some studies showing that in 2011, nearly 45% of
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Europeans had some degree of iodine deficiency (17). Due to this, the World Health
Organisation (WHO) advocates a daily iodine intake for pregnant women of 250 ug daily, with
ATA recommending a 150 pg daily supplementation in the form of potassium iodide for women
who are pregnant, lactating or planning a pregnancy with the objective of maintain an adequate
iodine level (2,10) Worldwide, strategies varies by region and local dietary intake in order to
meet iodine requirement in pregnant and lactating women (2). The only way to verify if an
adequate intake is been made is trough measurement of median urine iodine concentration,

although this cannot be considerate as a marker for individual iodine status (9).
Screening for thyroid disease

The latest advances in the understanding of the pathophysiology of the thyroid gland during
pregnancy and the adverse impact it can have in the mother and the foetus led to a vigorous
scientific debate on the advisability of universal thyroid screening in early pregnancy or pre-
pregnancy status comparing to case find approach (57). Important to notice is that SCH,
excluding euthyroid women who are TPOAb positive, is the most common thyroid disorder
during pregnancy and any consideration related of thyroid screening depend on the impact

and the potential benefits of treating SCH (19).

The first step for this discussion was to evaluate thyroid disorders according to Wilson and
Jungner criteria (Table 1l1), that can tell us that TSH has the potential to be a good screening
teste provided it improves offspring health (20). Another argument used to universal screening
is that the latest clinical practice guidelines published by the biggest associations provide
persuasive arguments for early detection and treatment of OH and SCH to prevent negative
outcomes during pregnancy and this tactic only can be enplane with an universal screening
approach (9,56). Besides this, three studies have evaluated whatever universal screening is
cost-effective, with all three showing that it is cost-effective and would remain cost-effective
even when they assumed no benefit for treatment of SCH (57). It is too important to notice that
most of the routine analyses done in the first trimester of pregnancy deal with medical

conditions less prevalent that SCH and are preformed simply to clinical inertia (19).
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Table Il — Wilson and Jungner criteria applied to TSH

Criteria Application to thyroid screening Ref.
- The condition should be an SCH has a high prevalence (14)
important health problem
- The natural history of the Annual rate of progression from SCH to OH (20)
condition should be adequately was 2.6% in negative thyroid antibodies
understood women and 4.3% in positive ones
- There should be a recognized SCH precedes the development of OH (12)
latent or early stage
- There should be an accepted  Thyroid function is especially important in (58)
treatment for patients in early the neurodevelopment of the foetus in the
stage first 9-12 weeks of pregnancy
- There should be a suitable TSH is the gold standard examination for 3)
test or examination the early diagnose of SCH
- The test should be acceptable TSH is a simple blood test (20)
- Intervals for repeating the test  Usual guidance is estipulate in ATA and (10,112)
should be determinate ETA guidelines
- Facilities for diagnosis and Thyroxine replacement is a simple (56)
treatment should be available treatment that any patient can do by itself
- The risks should be less that  The risks of taking a blood teste are (29)
the benefits minimal and other types of screening are

already done in the same time
- It should be cost-effective Three previous studies have proven that (57)

universal-screening is cost-effective

The biggest argument against universal screening is the lack of an effective treatment to the
most prevalent disorder, the SCH., in an effective way (59). Negro et al. performed a study
with 4562 comparing case-finding and universal-screening approach concluding that
universal-screening compared with case-finding did not result in a decrease in adverse
outcomes (57). Hereupon, ATA and ETA keep recommending a case-finding approach to
screening (56). Risk factor for target criteria for SCH are exposed in Table IV (20). Reasons
to define this case-finding screening are well known and are related to the specific practicalities
that cannot be underestimated to asses thyroid function in pregnant women, including trimester
and population specific ranges that are difficult to achieve everywhere and to the uncertainty
about we being able to reduce the negative outcomes that SCH can cause on pregnancy to

the women and the foetus (7,56). In 2012, a survey was performed by the ETA were clinicals
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reported how they use to approach this screening problem: 42% of respondents reported that
they routinely chose an universal screening approach, 43% performed case-finding screening
(35).

Table IV — SCH risk factors for target case-finding screening

SCH Risk Factors

Age > 30 years

Personal history of thyroid disfunction
Prior head or neck irradiation

Prior thyroid surgery

Family history

Symptoms

Presence of goitre

TPOAD positivity

Autoimmunity of other origin

Infertility

History of miscarriage or preterm delivery
lodine deficient area

Medication and iodinated contrast media
Morbid obesity (BMI > 40kg/m?)

In resume, SCH on pregnancy is considered an health problem and can cause a lot of negative
outcomes (14,18). The question if we should or not treat SCH to establish normal ranges of
TSH levels in pregnant women remains a question, but the paradox is that whilst a lot of search
is been made to answer this, clinicals are increasingly using levothyroxine, in some way in an
empirical use (56). The objective of this work is to make a systematic review to understand
how to manage SCH and if we have or not an efficient available treatment, in order to start an

efficient global approach and define the best strategy for screening.
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METHODS

A systematic review of the literature was performed with app types of articles found in a
certified medical database — PubMed. The search was performed on August 23, 2018 and

” ”

the following search words were used: “pregnancy”, “subclinical hypothyroidism”, “treatment”.

From this search 225 articles were obtained.

From these 225 articles, 69 were excluded as they were published before January 2010; 39
were excluded as they were studies in other species besides humans; 6 were excluded as
they didn’t study female genre; 19 were excluded as they were not written in English,
Portuguese or Spanish; 5 were excluded as they studied specifically and only cases of
infertility; 7 were excluded since they did not referred in any part the pregnancy status; 11 were
excluded as they studied specifically and only women going through methods of assisted
reproductive technology (ART); 10 were excluded as they studied a very specific and small
population not being representative enough; 5 were excluded as they didn’t mentioned SCH
in any part of the articles; 8 were not used as they had no new information. After preforming

this selection 47 articles were selected.

From the 55 articles selected, 21 were original articles of clinical research, 32 were state of the

art systematic reviews and metanalyses and 2 were case study articles.

Besides this, it was performed a research of the last clinical practice guidelines about the
theme and were selected the ATA 2017 (10) and ETA 2014 (11) guidelines due to the different

point of views they show in some of the subjects related to SCH.

After reviewing all the bibliography found it was decided to add 16 more studies (24,25,51—
53,55,60,61,26,28,30,31,33,45,47,49) that were referred on the already selected articles due

to their relevance to the work.
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RESULTS
Levothyroxine

Synthetic levothyroxine (LT4) is a levo-isomer of thyroxine with the same biochemical activity
as the endogenous hormone and is the actual and only known recommended treatment for
gestational hypothyroidism (35). It is recommended to treat patients in a hon-pregnant status
with SCH with: musculoskeletal symptoms, progression to OH, coronary heart disease,

neuropsychiatric symptoms and other miscellaneous (12).

LT4 is proven to be safe during pregnancy and breastfeeding and carries no risk to the foetus
and in the offspring. The drug is taken by oral ingestion, approximately 80% is absorbed in the
gastrointestinal tract with a peak serum concentration obtained in about 2-4 hours after
ingestion (35). In the serum, LT4 similarly to T4, is bound to TBG, thyroxine binding pre-
albumin and albumin (41). LT4 is mainly metabolised in the liver through de-iodination and its
excretion is made in the kidneys (35). A huge number of factors may led to a reduction in LT4
availability such as malabsorption, ingestion with some types of food and beverages, and
pharmacological interactions (62). Therefore, LT4 should be taken with water, first thing in the

morning and should not be taken with any other medication or food (35).

Although LT4 is safe in pregnancy, with just a few reported adverse effects such as
tachyarrhythmias, angina pectoris and low bone mass, we should considerate the risk of
overtreatment (12,35). In the Controlled Antenatal Thyroid Screening study (CATS) 10% of
women going through LT4 treatment for hypothyroidism required dose reduction based on low
TSH and high FT4 concentrations and some side effects such as palpitations (60). In other
study performed in women treated with LT4, 13.6% were overtreated with 5.1% having TSH
levels <0.1 mU/L, but it was concluded that this transient suppression was not associated with
increase on negative outcomes (35). However, a population-based prospective cohort studied
the association of maternal thyroid hormone levels with child’s IQ and brain morphology with
a sample of 3839 mother child pairs, concluded that high maternal FT4 concentrations during
pregnancy are associated with lower 1Q and low grey matter and cortex volume in the offspring,
suggesting that LT4 therapy for SCH during pregnancy, with the aim of achieving high-normal
TSH levels, carry the potential risk of adverse child neurodevelopment outcomes (40). The
high free LT4 concentrations in pregnant women have also been linked to new-borns small for
the gestational age and with LBW (56).

The major adversity about LT4 therapy on pregnant women is the absence of data on
concentration of LT4 in the foetus, having no markers to monitor the utero-placental passage
of LT4 (63). However, a study published by Spremovic-Radjenovic et al. showed that FT4

concentrations are higher than normal ranges in about 60% of foetus from euthyroid mothers
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who had received LT4 therapy, studying this concentrations from blood samples of the foetus

obtained by cordocentesis (56).

Studies against treatment

Two major trials were performed in order to understand if LT4 treatment would be beneficial to
women with SCH and concluded that there no vantage in using LT4 to reduce the risk of
negative outcomes in the mother or the foetus (56). In the CATS study, by Lazarus et al., there
was no difference in the gestational age at delivery or in the infant birthweight. (60) In a study
published by Casey et al. treatment for SCH did not result in better cognitive outcomes in the
child 5 years after birth (23). One important thing to notice in those two studies is therapy
started in a gestational age that may be considered late, 13 and 8-20 respectively, especially

to study neurodevelopment outcomes (4).

In addition, other smaller studies have been published that show similar results (4). In three
different studies, Yan et al. and Negro et al. have studied the effects of LT4 therapy in TPOADb
positive women with recurrent miscarriage finding no improvement on birth rates (24,25). Lata
et al. have studied both women with SCH and TPOAD positive and found no difference in
miscarriage rate on the ones treated with LT4 (26). Bernardi et al. published a prospective
non-randomised study in women with SCH and history of recurrent early pregnancy loss
treated with LT4 and no significant differences were found in live birth rates either (27). In

Table V we can find a summary of this studies.

Table V — Studies against LT4 treatment on pregnancy

Study Population Outcome Results Ref.
measured

Bernardi et al. 39 women with SCH early No benefits found on  (27)
(TSH>2.5mUl/L), 24 pregnancy LT4 therapy on early
going through LT4 loss pregnancy loss rate
treatment

Casey et al. 667 women with SCH  child IQ inthe  No benefits foundto  (23)
(TSH>3.99mU/L), 339 offspring LT4 therapy on child
going through LT4 1Q
treatment

Lata et al. 100 women, 27 Miscarriage No benefits found on  (26)
women with SCH LT4 therapy on
(TSH>4.2 mU/L) and miscarriage rates

31 TPOADb positive
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going through LT4

treatment

Lazarus et al. 986 women with SCH  pregnancy No benefits found on  (60)
(TSH>4.2 mU/L), 494  outcomes, pregnancy
going through LT4 child IQ inthe  outcomes or child 1Q
treatment offspring

Negro et al. 393 TPOAD positive Miscarriage, No benefits found on  (25)
women, 198 going Preterm LT4 therapy on
through LT4 treatment delivery miscarriage and pre-

term delivery

Yan et al. 34 women TPOAb live birth rate No benefits found on  (24)

positive with current live birth rate

miscarriage, 17 going
through LT4 treatment

Studies in favour of treatment

Over the last few years studies have been published showing benefits on treating pregnant
women with SCH with LT4. Negro et al. published a large-scale study showing that treatment
of SCH, even when identified by a case-finding screening approach, is associated with a lower
risk of negative outcomes (28). Ma et al. published a prospective non-randomised study
showing controversial results with LT4 treatment lowering the risk of miscarriage and foetal
macrosomia but raising the risk for caesarean delivery (21). Maraka et al. have published two
different retrospective studies showing lower risk of LBW and Apgar score, and low risk of
pregnancy loss in women with SCH receiving LT4 treatment, but with some controversial
findings showing a high risk of preterm delivery, gestational diabetes and pre-eclampsia in
those same women (29,30). Two metanalysis published by Reid et al. and Velkeniers et al.
have shown similar results concluding that LT4 treatment can lower the risk of miscarriage and
preterm delivery, with Maraka et al. reporting no effects on lowering the risk for pre-eclampsia
(22,31). Another large-scale study was performed by Nazarpour et al. concluded that using the

TSH cut off >4.0 mU/L LT4 therapy can decrease the risk of preterm delivery (32).

Smaller recent studies have also been published showing similar results. Abalovich et al.
published a study showing that the outcomes in pregnancy were not dependent on whether

the hypothyroidism is OH or SCH but on the treatment received (33). Ju et al. published a
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study concluding that the overall risk of negative outcomes during pregnancy in women with

SCH is lower in LT4 treated women than in the no treated ones (34).

On Table VI there is a summary on these articles.

Table VI — Studies in favour of SCH treatment on pregnancy

Study Population Outcome Results Ref.
measured
Abalovich et al. 150 women, 21 Abortion, | abortion (33)
with SCH Preterm delivery | preterm delivery
(TSH>5mUIL)
going through LT4
treatment
Ju et al. 457 women, 184 PROM, | PROM (34)
with SCH Foetal | Foetal macrosomia
(TSH>97.5" macrossomia, | Gestational diabetes
percentile) going Gestational | Hypertensive disorders
through LT4 diabetes, |Postpartum
treatment Hypertensive haemorrhage
disorders, | Preterm labour
Postpartum | Oligohydramnios
haemorrhage, | Foetal distress
Preterm labour, | LBW
Oligohydramnios,
Foetal distress,
LBW
Ma et al. 1671 women, 105 Miscarriage, | Miscarriage rate (22)
with SCH Foetal | Foetal macrosomia
(TSH>2.5mU/L) macrosomia, 1 Caesarean delivery
going through LT4 Caesarean
treatment delivery
Maraka et al. 366 women, 82 LBW, | LBW (29)
with SCH Low Apgar score, | Low Apgar score

30

(TSH>2.5mU/L)
going through LT4

treatment

Gestational
hypertension,
PROM,

Pregnancy loss,

=Gestational
hypertension
= PROM

= Pregnancy loss



Maraka et al.

Nazarpour et

al.

Negro et al.

Reid et al.

Velkeniers et

al.

5404 women, 843
with SCH
(TSH>2.5mU/L)
going through LT4
treatment

1458 women, 366
with SCH
(TSH>2.5mU/L)
going through LT4
treatment

4562 women, 117
with OH or SCH
(TSH>2.5mU/L)
going through LT4

treatment

535 women with
OH or SCH
(TSH>4mUI/L)
going through LT4
treatment

220 women with
SCH
(TSH>4.0mUIL)
going through LT4

treatment

Preterm delivery,
Gestational
diabetes,
Pre-eclampsia
Pregnancy loss,
Preterm delivery,
Gestational
diabetes,
Pre-eclampsia
Preterm delivery

Miscarriage,
Low IQ on the
offspring,
Visual-motor
deficiencies  on
the offspring,
Preterm deliver,
Postpartum
thyroiditis
Preterm delivery,

Pre-eclampsia,

Preterm delivery,

Miscarriage

= Preterm delivery

= Gestational diabetes
= Pre-eclampsia

| Pregnancy loss (30)
1 Preterm delivery

1 Gestational diabetes

1 Pre-eclampsia

| Preterm delivery (32)

| Miscarriage (28)
| Low 1Q on the offspring

| Visual-motor

deficiencies on  the
offspring

| Preterm delivery

| Postpartum thyroiditis

| Preterm delivery (22)

= Pre-eclampsia

| Preterm delivery (32)

| Miscarriage
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Management and Doses

The main goal for LT4 treatment of pregnant women with SCH is to achieve target TSH levels
below the pregnancy-specific population-based references (62). In the cases that SCH is found
and treated before conception, studies indicate that adequate preconception replacement
should be provide and an empirical increase should be made to the preconception doses since,
in addition to the physiological changes in thyroid during pregnancy, the gastrointestinal
absorption is altered on pregnant women (4). Abalovich et al. and Wang at al. have published
results showing that starting preconception or in early pregnancy treatment can reduce the risk
for miscarriage and preterm delivery (33,50). Three different populational studies from United
Kingdom, United States of America and Italy have shown that the vast majority of pregnant
women with previous hypothyroidism needed an increase on the pre-conceptional dosage (4).
It is estimated that the thyroid gland has to increase its hormonal produce in about 30-50%
during pregnancy, so it is considerate that pregnant women who are already treated with LT4
could achieved an euthyroid state by doubling the usual dose on two days each week starting
on the day they have a positive pregnancy test (4,17). On the order hand, there are some
observational studies suggesting that a lot of women with pre-conceptional TSH levels below

1.2mU/L will be able to maintain the levels despites no dosage adjustment (62).

For women diagnosed with SCH during pregnancy and for those already treated, the
procedures that should be used, in order to manage the treatment seems to be well defined
(4,17,35). Regular thyroid function monitoring should be performed to keep the levels on the
ideal range and women should preform thyroid function tests monthly during the first 20 weeks
of gestation. After this, two more tests should be performed, one in the beginning of the third
trimester and another in the mid-third trimester. A properly increase or decrease should be
made to the daily dose in order to achieve the levels below the reference range and an
additional thyroid hormone test should be performed 4 weeks after any adjustment (4). After
delivery, in women that started the LT4 treatment during pregnancy, LT4 should be stopped in
2 weeks, and in women going through previous treatment, the pre-conceptional dose should
be established. In all the cases thyroid function should be tested 6-8 weeks postpartum (4). In
a study of five-years follow-up for women with SCH in preghancy going through LT4 treatment,
Beverley et al. conclude that the vast majority of cases of SCH during pregnancy are transient
and women will not need any LT4 treatment after delivery (36). In the same study they
conclude that the percentage of women that had the need to maintain LT4 therapy were

TPOAD positive, being this the major risk factor for women in the postpartum (36).

On terms of dosage that should be established for pregnant women recently diagnosed with
SCH, studies keep showing some different results. Abalovich et al. published a study

concluding that an approximately dose off 88ug/day would be the optimal dosage to obtain
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euthyroidism in 90% of women during all pregnancy, with some variation depending on the
TSH level before treatment (37). Penin et al. published two different studies trying to achieve
the best results with the first one showing that an initial dose of 50ug/day will be enough to
obtain TSH levels between 0.3-4.5 mU/L in 80% of women and with the second one concluding
that a dose of 75ug/day will be optimal in order to obtain TSH levels between 0.3-4.5 mU/L in
almost 100% of women (38,39). Other two studies worth mentioning are Lazarus et al.
concluding that the median LT4 dose used to achieve euthyroidism in 85% of women was
150ug/day and Ross et al. recommending a weight based dosage of 1ug/kg/day (37,39).

Clinical Practice Guidelines

ATA guidelines, published in 2017, recommend first the evaluation of TPOAD status. After this,
should be recommended LT4 therapy for women with TSH greater than the pregnancy-specific
population-based reference range or, when this references are not available, TSH>4mU/L and
TPOADb positivity (10). Besides this, ATA recommends that treatment may start around week
9 of pregnancy with a daily doses of 50ug (10). On Table VIl there is a summary of ATA

guidelines recommendation.

Table VII — ATA guidelines for treatment of SCH in pregnancy

TSH level TPOADb status Level of recommendation

Recommend

>pregnancy-specific reference + Strong recommendation, moderate-

range guality evidence

>10.0 mU/L - Strong recommendation, low-quality
evidence

Considered

>2.5 mU/L but < pregnancy- + Weak recommendation, moderate-

specific reference range quality evidence

>pregnancy-specific reference - Weak recommendation, low-quality

range but <10.0 mU/L evidence

Not recommend

within the pregnancy-specific - Strong recommendation, high-quality
reference range or <4.0 mUJ/L if evidence
unavailable

ETA 2014 guidelines recommend treatment of all women with TSH> to the pregnancy-specific

reference range or >2.5 mU/L if unavailable, with the goal of normalize TSH values. In the
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newly diagnosed patients it is advised to use an initial daily dose of 1.20ug/kg. Those women
with pre-pregnancy treated SCH should do an increase of 25 to 50% in daily doses to ensure
TSH<2.5mU/L and after delivery it is recommended the reduction of the dose to the
preconception one. When SCH is diagnosed during pregnancy and if TSH<5.0mU/L with
TPOADb negative treatment should be interrupt and TSH levels checked 6 weeks later. Women
with SCH during pregnancy should be re-evaluated 6 months and 1 year after delivery to check

the need for LT4 treatment (11).
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CONCLUSION

After the analysis of the published studies results, it can be concluded that the majority of the
studies around management and treatment of SCH during pregnancy showed that it is
beneficial to use LT4 in order to obtain reference range TSH levels, especially in order to
reduce the risk of miscarriage and preterm delivery (21,22,34,25,26,28—-33). Analyzing other
outcomes, it can be concluded that results are controversial about pregnancy loss (24,29,30)
and they show that there is no benefit on treating SCH during pregnancy in order to improve
the child 1Q in the offspring (23,28,60). LT4 treatment can too be useful to reduce the risk of
foetal macrosomia and LBW but more studies are needed in order to confirm this results
(21,29,34). There are some controversial results that can show that LT4 treatment decreases
the risk for gestational diabetes and pre-eclampsia and other hypertensive disorders during
pregnancy. (30,34). Benefits on reducing outcomes like PROM, postpartum haemorrhage,
oligohydramnios, foetal distress, low Apgar score, visual-motor deficiencies on the offspring
and postpartum thyroiditis cannot be considerate since they are mentioned only once on all
the observed studies (28,29,34), the same applies to the study showing an increase in
caesarean delivery among pregnant women going throught LT4 treatment (21).

Other object we must considerate are the different cut-offs used in all studies to define SCH
that can lead to a wrong analysis of the results. This came to support the need to define
population-based reference range TSH levels. Hereupon, every country must have clinical

practice guidelines with studies made with its own population.

When discussing the most recommended dose the physician should opt for one of the
mentioned on clinical practice guidelines and perform the recommended thyroid hormone

evaluation in order to do dose adjustment to avoid TSH levels out the reference ranges (10,11).

With this results it can be concluded that clinical practice guidelines already published (10,11)
should be taken in consideration and used to manage SCH during pregnancy, always having
present the risk for overtreatment and not forgetting the medical bioethicist principal of non-
maleficence. In order to perform the best medical practice, it is important to discuss with the
patient the possible risks and benefits of therapy and the decision should be taken based on

both medical and patient opinion and believes.

35



36



AGRADECIMENTOS

Em primeiro lugar, queria agradecer a Dra. Helena Goncalves e ao Prof. Dr. José Barros por
terem orientado o meu trabalho e me dado a possibilidade de o realizar da melhor forma,

tendo sido sempre tdo prestaveis e atentos as minhas necessidades.

Queria agradecer a FMUC, por ter sido a minha casa nos ultimos anos e me ter recebido tdo
bem, dando-me a possibilidade de ter a formag&o necesséria para um dia exercer a profissao

que sempre sonhei ter.

A minha familia, especialmente a minha mae e a minha irm&, por me darem todo o apoio
necessario, por entenderem as minhas auséncias e as minhas faltas de atencdo e

continuarem a ter exatamente o mesmo amor por mim.

Aos habitantes da Chanterenne, por serem 0s melhores amigos que eu poderia ter, por serem
a minha companhia de todos os momentos e acreditarem em mim de uma maneira

incondicional.

E um obrigado muito especial ao Carlos Barreto, por ter lido este trabalho vezes sem conta e

me ter ajudado a criar algo de que me orgulho bastante.

37



38



REFERENCES

1.

10.

11.

12.

13.

Miller ES, Grobman WA. Screening for thyroid disease during pregnancy. Contemp Ob
Gyn. 2012;57(8):45-47 3p.

Stagnaro-Green A, Pearce E. Thyroid disorders in pregnancy. Nat Rev Endocrinol.
2012;8(11):650-8.

Milanesi A, Brent GA. Management of hypothyroidism in pregnhancy. Curr Opin
Endocrinol Diabetes Obes. 2011;18(5):304-9.

Chan S, Boelaert K. Optimal management of hypothyroidism, hypothyroxinaemia and
euthyroid TPO antibody positivity preconception and in pregnancy. Clin Endocrinol
(Oxf). 2015;82(3):313-26.

Negro, Roberto, MD F, Mestman, Jorge Hector M. Thyroid disease in pregnancy. Am
Fam Physician. 2014,;89(4):273-8.

Felipe CL, Medina CC, Sieiro NL, Alexandru B, Mario V. Is an upper limit of 2.5 mUl/|
for TSH appropriate for the first trimester of pregnancy among young TPO women?
Gynecol Endocrinol. 2010;26(1):54—7.

Taylor PN, Okosieme OE, Premawardhana L, Lazarus JH. Should all women be

screened for thyroid dysfunction in pregnancy? Women’s Heal. 2015;11(3):295-307.
Kroopnick JM, Kim CS. Overview of Hypothyroidism in Pregnancy. Semin Reprod Med.
2016;34(6):323-30.

Eastman CJ. Screening for thyroid disease and iodine deficiency. Pathology.

2012;44(2):153-9.

Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al. 2017
Guidelines of the American Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and the Postpartum. Thyroid. 2017;27(3):315-89.

Lazarus J, Brown RS, Daumerie C, Hubalewska-Dydejczyk A, Negro R, Vaidya B. 2014
European Thyroid Association Guidelines for the Management of Subclinical
Hypothyroidism in Pregnancy and in Children. Eur Thyroid J. 2014;3(2):76-94.

Tng EL. The debate on treating subclinical hypothyroidism. Singapore Med J.
2016;57(10):539-45.

Wilson KL, Casey BM, Mclintire DD, Cunningham FG. Is total thyroxine better than free
thyroxine during pregnancy? Am J Obstet Gynecol. 2014 Aug;211(2):132.e1-132.e6.

39



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

40

Rebecca S. Usadil KSM. Subclinical Hypothyroidism: Impact on Fertility, Obstetric and
Neonatal Outcomes - GQuery: Global Cross-database NCBI search - NCBI. Semin
Reprod Med . 2016;1-6.

Deshauer S, Wyne A. Subclinical hypothyroidism in pregnancy. Cmaj.
2017;189(28):E941.

Maraka S, O’Keeffe DT, Montori VM. Subclinical Hypothyroidism During Pregnancy —
Should You Expect This When You Are Expecting ? A Teachable Moment. JAMA Intern
Med. 2015;55905:5-6.

Negro R, Stagnaro-Green A. Diagnosis and management of subclinical hypothyroidism
in pregnancy. BMJ. 2014;349:1-10.

Maraka S, Ospina NM, O’Keeffe DT, Yeaza AE, Gionfriddo MR, Erwin PJ, et al.
Subclinical Hypothyroidism in Pregnancy: A Systematic Review and Meta-analysis. Vol.
6. 2015.

VilaL, Velasco |, Gonzélez S, Morales F, Sanchez E, Lailla JM, et al. Detection of thyroid
dysfunction in pregnant women: Universal screening is justified. Endocrinol y Nutr.
2012;59(9):547-60.

Maheshwari A, Bhide P, Pundir J, Bhattacharya S. Routine serum thyroid-stimulating
hormone testing-optimizing pre-conception health or generating toxic knowledge? Hum
Reprod. 2017;32(9):1779-85.

MaL, Qi H, Chai X, Jiang F, Mao S, Liu J, et al. The effects of screening and intervention
of subclinical hypothyroidism on pregnancy outcomes: a prospective multicenter single-
blind, randomized, controlled study of thyroid function screening test during pregnancy.
J Matern Fetal Neonatal Med. 2015;7058(June):1-4.

Sm R, Middleton P, Mc C, Ca C. Interventions for clinical and subclinical hypothyroidism

in pregnancy ( Review ). Cochrane Detabase Syst Rev. 2012;(7).

Casey BM, Thom EA, Peaceman AM, Varner MW, Sorokin Y, Hirtz DG, et al. Treatment
of subclinical hypothyroidism or hypothyroxinemia in pregnancy. Obstet Gynecol Surv.
2017;72(8):464-5.

Yan J, Sripada S, Saravelos SH, Chen Z-J, Egner W, Li T-C. Thyroid peroxidase
antibody in women with unexplained recurrent miscarriage : prevalence , prognostic

value , and response to empirical thyroxine therapy. Fertil Steril. 2012;98(2):378-82.

Negro R, Schwartz A, Stagnaro-green A. Impact of Levothyroxine in Miscarriage and



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Preterm Delivery Rates in First Trimester Thyroid Antibody-. J Clin Endocrinol Metab.
2016;(July):1-6.

Lata K, Dutta P, Sridhar S, Rohilla M, Srinivasan A, Prashad G, et al. Thyroid
autoimmunity and obstetric outcomes in women with recurrent miscarriage : a case —
control study. Endocr Connect. 2013;2: 118:1-7.

Bernardi LA, Cohen RN, Stephenson MD. Impact of subclinical hypothyroidism in
women with recurrent early pregnancy loss. Fertil Steril. 2013;100(5):1326-1331.e1.

Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, Stagnaro-green A. Universal
Screening Versus Case Finding for Detection. Endocr Soc. 2010;95(April):1699-707.

Maraka S, Ospina NM, O’Keeffe DT, Rodriguez-Guitierrez R, Coddington Il CC, Montori
VM, et al. effects of Levothyroxine Therapy on Pregnancy Outcomes in Women with
Subclinical Hypothyroidism. Vol. 2196482. 2016.

Maraka S, Mwangi R, Mccoy RG, Yao X, Sangaralingham LR, Ospina NMS, et al.
Thyroid hormone treatment among pregnant women with subclinical hypothyroidism :
US national. 2017;6865(January):1-12.

Velkeniers B, Meerhaeghe A Van, Poppe K, Unuane D, Tournaye H, Haentjens P.
Levothyroxine treatment and pregnancy outcome in women with subclinical
hypothyroidism undergoing assisted reproduction technologies : systematic review and
meta-analysis of RCTs. Hum Reprod Update. 2013;19(3):251-8.

Nazarpour S, Ramezani Tehrani F, Simbar M, Tohidi M, Minooee S, Rahmati M, et al.
Effects of Levothyroxine on Pregnant Women With Subclinical Hypothyroidism,
Negative for Thyroid Peroxidase Antibodies. J Clin Endocrinol Metab. 2018;103(3):926—
35.

Abalovich M, Gutierrez S, Alcaraz G, Maccallini G, Garcia A, Levalle O. Overt and

Subclinical Hypothyroidism Complicating Pregnancy. Mary Ann Liebert. 2002;12(1).

Ju R, Lin L, Long Y, Zhang J, Huang J. Clinical efficacy of therapeutic intervention for
subclinical hypothyroidism during pregnancy. Genet Mol Res. 2016;15(4):4-8.

Khan I, Okosieme OE, Lazarus JH. Current challenges in the pharmacological
management of thyroid dysfunction in pregnancy. Vol. 10, Expert Review of Clinical

Pharmacology. Taylor & Francis; 2017. 97-109 p.

Shields BM, Knight BA, Hill A V., Hattersley AT, Vaidya B. Five-Year follow-Up for

women with subclinical hypothyroidism in pregnancy. J Clin Endocrinol Metab.

41



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

42

2013;98(12):1941-5.

Abalovich M, Vazquez A, Alcaraz G, Kitaigrodsky A, Szuman G, Calabrese C, et al.
Adequate Levothyroxine Doses for the Treatment of Hypothyroidism Newly Discovered
During Pregnancy. Thyroid. 2013;23(11):1479-83.

Seoane Cruz I, Penin alvarez M, Luna Cano R, Garcia-Mayor RV. Tratamiento con
dosis fija de tiroxina en gestantes con hipotiroidismo subclinico. Endocrinol y Nutr.
2012;59(5):284-17.

Penin M, Trigo C, Lopez Y, Barragans M. Tratamiento del hipotiroidismo subclinico en
gestantes con una dosis fija diaria de 75ug de tiroxina. Endocrinol y Nutr.
2014;61(7):347-50.

Korevaar TIM, Muetzel R, Medici M, Chaker L, Jaddoe VWV, de Rijke YB, et al.
Association of maternal thyroid function during early pregnancy with offspring IQ and
brain morphology in childhood: A population-based prospective cohort study. Lancet
Diabetes Endocrinol. 2016;4(1):35-43.

Colicchia M, Campagnolo L, Baldini E, Ulisse S, Valensise H, Moretti C. Molecular basis
of thyrotropin and thyroid hormone action during implantation and early development.
Hum Reprod Update. 2014;20(6):884—904.

Carty DM, Doogan F, Welsh P, Dominiczak AF, Delles C. Thyroid stimulating hormone
(TSH) 22.5 mU/I in early pregnancy: Prevalence and subsequent outcomes. Eur J
Obstet Gynecol Reprod Biol. 2017;210:366-9.

Teng W, Shan Z, Patil-Sisodia K, Cooper DS. Hypothyroidism in pregnancy. Lancet
Diabetes Endocrinol. 2013;1(3):228-37.

Negro R, Stagnaro-Green A. Clinical Aspects of Hyperthyroidism, Hypothyroidism, and
Thyroid Screening in Pregnancy. Endocr Pract. 2014;20(6):597-607.

Toulis KA, Stagnaro-green A, Negro R. Maternal Subclinical Hypothyroidsm and
Gestational Diabetes Mellitus: a meta-analysis. Endocr Pract. 2014;20(7):703-14.

Tong Z, Xiaowen Z, Baomin C, Aihua L, Yingying Z, Weiping T, et al. The Effect of
Subclinical Maternal Thyroid Dysfunction and Autoimmunity on Intrauterine Growth
Restriction. Medicine (Baltimore). 2016;95(19):1-7.

Gong L, Liu H, Liu L. Taiwanese Journal of Obstetrics & Gynecology Relationship
between hypothyroidism and the incidence of gestational diabetes: A meta-analysis.
Taiwan J Obstet Gynecol. 2016;55(2):171-5.



48.

49.

50.

51.

52.

53.

54.

55.

56.

S57.

58.

van den Boogaard E, Vissenberg R, Land JA, van Wely M, van der Post JAM, Goddijn
M, et al. Significance of (sub)clinical thyroid dysfunction and thyroid autoimmunity before
conception and in early pregnancy: A systematic review. Hum Reprod Update.
2011;17(5):605-19.

Zhang Y, Wang H, Pan X, Teng W, Shan Z. Patients with subclinical hypothyroidism
before 20 weeks of pregnancy have a higher risk of miscarriage : A systematic review
and meta-analysis. PLoS One. 2017;1-13.

Wang S, Teng WP, Li JX, Wang WW, Shan ZY. Effects of maternal subclinical
hypothyroidism on obstetrical outcomes during early pregnancy. J Endocrinol Invest.
2012;35(3):322-5.

Karakosta P, Alegakis D, Georgiou V, Roumeliotaki T, Fthenou E, Vassilaki M, et al.
Thyroid Dysfunction and Autoantibodies in Early Pregnancy Are Associated with
Increased Risk of Gestational Diabetes and Adverse Birth Outcomes. Endocr Care.
2012;97(December):4464-72.

ChenL, DuW, Dai J, Zhang Q, Si G, Yang H, et al. Effects of Subclinical Hypothyroidism
on Maternal and Perinatal Outcomes during Pregnancy : A Single-Center Cohort Study
of a Chinese Population. PLoS One. 2014;9(10):1-8.

Ying H, Tang Y, Bao Y-R, Su X-J, Cai X, Li Y-H, et al. Maternal TSH level and TPOAb
status in early pregnancy and their relationship to the risk of gestational diabetes
mellitus. Endocrine. 2016;(2699):0-1.

Plowden TC, Schisterman EF, Sjaarda LA, Zarek SM, Perkins NJ, Silver R, et al.
Subclinical hypothyroidism and thyroid autoimmunity are not associated with fecundity,
pregnancy loss, or live birth. J Clin Endocrinol Metab. 2016;101(6):2358-65.

Arbib N, Hadar E, Sneh-Arbib O, Chen R, Wiznitzer A, Gabbay-Benziv R. First Trimester
Thyroid Stimulating Hormone as an Independent Risk Factor for Adverse Pregnancy
Outcone. J Matern Neonatal Med. 2016;1476—-4954(0):000.

Velasco |, Taylor P. Identifying and treating subclinical thyroid dysfunction in pregnancy:
Emerging controversies. Eur J Endocrinol. 2018;178(1):D1-12.

Vila L, Velasco |, Gonzalez S, Morales F, Sanchez E, Torrején S, et al. On the need for

universal thyroid screening in pregnant women. Eur J Endocrinol. 2014;170(1).

Julvez J, Alvarez-Pedrerol M, Rebagliato M, Murcia M, Forns J, Garcia-Esteban R, et
al. Thyroxine levels during pregnancy in healthy women and early child

neurodevelopment. Epidemiology. 2013;24(1):150-7.
43



59.

60.

61.

62.

63.

44

Casey B, De Veciana M. Thyroid screening in pregnancy. Am J Obstet Gynecol.
2014;211(4):351-353.e1.

Lazarus JH, Bestwick JP, Channon S, Paradice R, Maina A, Ress R, et al. new england
journal. N Engl J Med. 2012;366:493-501.

Lepoutre T, Debiéve F, Gruson D, Daumerie C. Reduction of Miscarriages through

Universal Screening and Treatment of. Gynecol Obstet Invest. 2012;265-73.

Wiles KS, Jarvis S, Nelson-Piercy C. Are we overtreating subclinical hypothyroidism in
pregnancy? BMJ. 2015;351(October):10-3.

Brabant G, Peeters RP, Chan SY, Bernal J, Bouchard P, Salvatore D, et al.
Management of subclinical hypothyroidism in pregnancy: Are we too simplistic? Eur J
Endocrinol. 2015;173(1):P1-11.



