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Abstract

Thyroid hormones are critical for foetal neurological
development and maternal health. Maternal hypothy-
roidism during pregnancy is associated with adverse
impact on health of the mother as well as the progeny.
Reduced thyroid hormone levels predispose the child to
develop mental retardation and cognitive delay in early
life. In the mother, hypothyroidism during pregnancy is
associated with spontaneous abortion, placental abruption,
preterm delivery and hypertensive disorders. Therefore,
screening and therapeutic intervention is justified to
prevent foetal as well as maternal co-morbidities. In view
of impact of such a large-scale screening and intervention
program on limited healthcare resources, it is debatable
if a targeted rather than universal screening program will
result in comparable outcomes. In addition, there is an
ongoing debate regarding best evidence-based practice
for the management of isolated hypothyroxinaemia,
subclinical hypothyroidism and euthyroid women with
autoimmune hypothyroidism. We have carried out a
review of the literature; firstly, to determine whether
universal screening for asymptomatic women in early
pregnancy would be cost-effective. Secondly, we have
retrospectively reviewed the literature to analyse the
evidence regarding the impact of therapeutic intervention
in women with subclinical hypothyroidism.

Key words: Targeted screening; Thyroid peroxidase
antibodies; Isolated hypothyroxinaemia; Spontaneous
abortion; Overt hypothyroidism; Placental abruption;
Universal screening; Hypothyroidism during pregnancy;
Subclinical hypothyroidism; Autoimmune hypothyroidism

© The Author(s) 2018. Published by Baishideng Publishing
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Core tip: Hypothyroidism during pregnancy poses a
significant health challenge as it is associated with
adverse health outcomes for mother as well as the child.
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There is evidence that supports increased maternal
and neonatal morbidity, even in absence of a clinically
overt maternal hypothyroid state. However, in view of
limited available healthcare resources, the jury is still
divided regarding use of universal vs targeted screening
programs in pregnant women. In addition, there is
a lack of consensus regarding the best management
approach for isolated hypothyroxinaemia and subclinical
hypothyroidism. Keeping these contentious issues in
mind, we have carried out a review of the literature.

Mirghani Dirar A, Kalhan A. Hypothyroidism during pregnancy:
Controversy over screening and intervention. World J Obstet
Gynecol 2018; 7(1): 1-16 Available from: URL: http://www.
wjgnet.com/2218-6220/full/v7/i1/1.htm DOI: http://dx.doi.
org/10.5317/wjog.v7.il.1

INTRODUCTION

Pregnancy is a physiological state of complex metabolic
stress that involves significant changes in hormonal
milieu. It has a profound influence on thyroid gland
structure as well as function. Hypothyroidism during
pregnancy constitutes a significant health challenge, as it
is associated with adverse maternal outcome along with
an impact on neonatal cognitive development. The foetal
thyroid gland starts to function only after 12-14 wk of
gestation. As a consequence, the growing foetus remains
dependent upon maternal thyroid hormones during
this phase of early gestation™?. Thyroid hormones
(thyroxine and triiodothyronine) are vital for normal
foetal neurological development™*, and decreased
levels predispose the child to develop cognitive delay in
early adolescence™. There are studies linking untreated
maternal overt hypothyroidism (OH) and subclinical
hypothyroidism (SCH) with increased adverse maternal
and foetal outcomes®®, although, Cleary-Goldman et a/®’
failed to demonstrate such an association with SCH. In
a study carried out by Haddow et a™®, children born
to pregnant women with hypothyroidism had lower
intelligence quotient (IQ) scores compared with children
born to pregnant women without hypothyroidism. In
addition, hypothyroidism during pregnancy has also been
linked with spontaneous abortion, placental abruption,
preterm delivery and hypertensive disorders®®”**2,
Decreased IQ in children born to mothers with isolated
hypothyroxinaemia (IH) has also been reported by Pop
et af*® and Li et aM** and further supported by Henrichs
et al” in the largest prospective Generation R study.
Even in euthyroid women with high titre thyroid peroxidase
(TPO) antibodies, there is increased risk of adverse
outcomes, such as foetal loss'*™! and pregnancy-induced
hypertension'*®, For these reasons, it is important to
adopt appropriate strategies to identify women at these
adverse outcomes and to implement screening tools
for early detection and initiation of effective treatment.
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However, there is an ongoing debate regarding cost-
effectiveness of universal vs targeted screening in
pregnant women'”*®, In addition, there is a lack of
consensus regarding the best evidence based approach
for the management of isolated hypothyroxinaemia, SCH
with or without TPO antibodies and euthyroid women
with high TPO antibodies™***”, We have carried out a
review of the literature; firstly, to determine whether
universal screening for asymptomatic women in early
pregnancy would be cost-effective. Secondly, we have
retrospectively reviewed the literature to analyse the
evidence regarding the impact of therapeutic intervention
in women with subclinical hypothyroidism.

Physiological changes in thyroid gland during
pregnancy
Pregnancy has an intense influence on the thyroid
gland and provokes several changes and metabolic
effects that alter thyroid function. During the first
stages of gestation, there is a rise in renal blood flow
and glomerular filtration rate that results in more iodide
disposal and reduced iodine blood level, an effect that
persists until term. Further reduction of available iodine
occurs later at 12-14 wk gestation, with more transfer
of iodine from the mother to the foetal circulation
at the time when the foetal thyroid gland starts to
function. This reduction in maternal iodine level obliges
a compensatory rise in iodide entrapment into the
gland and increased thyroid activity. In women with
satisfactory iodine reserve, there is mild thyroid burden.
However, in geographical areas where the iodine
resources are poor, the iodine losses in the urine and in
placental transfer could constitute a significant issue!®!,
The structural similarity between human chorionic
gonadotropin (hCG) molecule and thyroid stimulating
hormone (TSH) renders the hCG molecule to behave
as a weak thyrotropic hormone and may even enhance
growth of the thyroid gland™. During the hCG peak at
around the end of the first trimester, hCG stimulates
thyroidal cells to secrete free thyroxin (FT4), and a
temporary mild fall in basal TSH occurs™.
Thyroxine-binding globulin (TBG) is a carrier
protein that binds thyroid hormones in serum. It has
the highest binding affinity compared to other carrier
proteins despite its lowest serum level. A significant
elevation of serum TBG level has been shown in women
during pregnancy due in part to oestrogen stimulation
and decreased clearance™. Accordingly, thyroid gland
production of FT4 and FTs must increase to maintain
adequate levels of thyroid hormone during pregnancy.
Moreover, the placenta plays a role in the metabolism
of maternal thyroid hormones. Increased deiodination
activity in the placenta might play a vital role in the
passage of maternal thyroid hormones to the foetus'®!!,
The placenta synthesizes iodothyronine deiodinases type
II (DI02), which converts T4 to Ts through outer ring
deiodination, and type III (DIO3), which deactivates
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both T+ and Tz via inner ring deiodination. ID3 is the
major deiodinase synthesized by the placenta and has
significant deiodination activity™. In pregnant women
treated for hypothyroidism, LT4 should be increased to
maintain euthyroidism in later stages of pregnancy®®’.

Effect of iron deficiency anaemia on thyroid status
during pregnancy

Worldwide, iron deficiency is the most common cause of
anaemia during pregnancy, affecting around 50% of the
pregnant population'”. Several studies in animals and
humans have suggested a link between iron deficiency
anaemia and thyroid status. Thyroid peroxidase is the
key enzyme in thyroid hormone synthesis. It has been
shown by Hess et af*® that the activity of this enzyme
is impaired and the FT4 and FTs levels are significantly
reduced in rats with iron deficiency anaemia. In addition,
Beard et al*”! showed a significant reduction in hepatic
thyroxine-5’-deiodinase activity and FTs production in
rats with iron deficiency compared with controls. In
humans, previous studies showed reduced FTs and FTs
levels in women with iron deficiency®*. Recently, in
an observational study Li et a*® reported a significantly
higher TSH and lower FTs during the first trimester in
women with iron deficiency anaemia. They also observed
a significantly higher rate of TPO antibodies in women
with iron deficiency anaemia compared with control. It
is worthwhile to note that the state of hypothyroidism in
itself also can produce anaemia"; and ,therefore, future
research on this topic should aim to address this point.

Mechanism of implication of hypothyroidism in maternal
and foetal consequences

The risk of adverse consequences in pregnant women
with hypothyroidism depends on the severity and sub-
type of maternal hypothyroidism. Thyroid hormones
are essential for regulation of metabolic activities in the
brain, white fat, brown fat, skeletal muscle, liver and
pancreas as well as regulation of growth development?®?.
The molecular means by which thyroid hormones
alter foetal neurological development remains unclear.
However, experimental trials in animals showed delayed
maturation of major structures, such as the cerebellum,
in which there is interference of Purkinje cell maturation
and delayed granular cell migration™. In addition, it has
been reported that locally converted FTzin the brain from
maternal FT4is critical for foetal brain development™*.
However, in animal studies, replacement with FTs does
not offer adequate brain protection, indicating that
normal maternal FT4level during early embryonic life is
essential for brain development™.

The pathogenesis of maternal consequences is also
complex and less understood. The mechanisms for
infertility and miscarriage may involve the presence
of thyroid auto-antibodies. Vitamin D deficiency may
also contribute to autoimmunity and was shown to be
reduced in patients with autoimmune thyroiditis™®. In
addition, a disturbance in folliculogenesis, fertilization

Raishidenge ~ WJOG | www.wjgnet.com

Mirghani Dirar A et a/. Hypothyroidism during pregnancy

and embryogenesis was reported associated with
the presence of TPO antibodies™'. Dyslipidaemia
associated with hypothyroidism and pregnancy, such as
hypertriglyceridaemia, could explain the occurrence of
hypertensive disorders™”.

Epidemiology and classification of hypothyroidism
during pregnancy
The prevalence of hypothyroidism during pregnancy
is variable, and this variability is mostly attributed to
differences in geographical areas, analytical measurement
and trimester-specific TSH limits used in diagnosis®®®.
In general the prevalence rates were estimated to be
0.25%-2.5% for SCH, 0.2%-0.3% for OH™' and 5%-15%
for euthyroidism with autoimmune disease™”.
Classification of hypothyroidism recognised during
pregnancy is essential for epidemiological as well as
clinical reasons. The American Thyroid Association (ATA)
has defined hypothyroidism during pregnancy as the
state of increased TSH level when other rare causes,
such as TSH-secreting pituitary tumor and thyroid
hormone, resistance are excluded. Primary maternal
hypothyroidism (MH) observed during pregnancy should
be distinguished from preexisting hypothyroidism
diagnosed prior to the pregnancy. Two main varieties
of primary MH are recognised by the ATA: overt
hypothyroidism (OH) and subclinical hypothyroidism
(SCH) based on the presence of elevated TSH and
whether FTs level is decreased or within normal range.
However, cases of isolated hypothyroxinaemia (IH)
with normal TSH have also been recognised by the ATA
as a third sub-type of MH!"®., In addition, women with
increased TPO antibodies status and normal thyroid
function have been observed to have an increased risk
of developing SCH in early pregnancy, and this may also
be recognized as a fourth sub-type of MH (Figure 1)!*\,
The ATA defines OH as a TSH > 2.5 mIU/L and a lower
serum FT4 level or a TSH = 10.0 mIU/L, regardless of
FT4 level. SCH is defined as a TSH between 2.5-10 mIU/L
and a normal FTs level, and IH is defined as a TSH within
normal limits together with lower FTa level™..

Interpretation of TFT during pregnancy

Due to significant alterations in thyroid functions during
pregnancy, levels of TSH and FT4 should be interpreted
using gestational age-specific reference ranges. Using
these specific references, it would be possible to
evaluate thyroid functions accurately and to help in
defining thyroid disorders™!. Consequently, the ATA™
recommends that trimester-specific reference values
of thyroid function test (TFT) should be applied during
pregnancy. In view of an increased thyroxine-binding
globulin (TBG) level and enhanced thyrotropic activity
of hCG, women during pregnancy have decreased TSH
levels (< 0.4 mIU/L) compared with preconception
levels™. In addition, there is a significant reduction in
serum FT4 level observed with advancing pregnancy.
Following delivery, restoration of TBG to preconception
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Hypothyroidism during

pregnancy
Preexisting Primary maternal
hypothyroidism hypothyroidism
Overt Subclinical Isolated Euthyroidism with
hypothyroidism hypothyroidism hypothyroxinaemia autoimmune disease

Figure 1 Classification of hypothyroidism during pregnancy">".,

levels occurs within 4-6 wk together with FT4 and
FTs levels'™. Several studies demonstrated that both
reference limits for TSH were reduced during pregnancy,
with the greatest reduction being noted during the
first trimester when the thyrotropic effect of hCG was
highest™****’), panesar et a/**' showed increasing
median TSH concentration throughout pregnancy: 0.80
(0.03-2.30) in the first trimester, 1.10 (0.03-3.10) in
the second trimester and 1.30 (0.13-3.50) in the third
trimester. Accordingly, in 2011, the ATA recommended
TSH reference limits for each gestational age provided
unavailability of specific ranges in the laboratory:
0.1-2.5 mIU/L for the first trimester, 0.2-3.0 mIU/L for
the second trimester and 0.3-3.0 mIU/L for the third
trimester'®’, On the other hand, accurate measurement
of FT4 concentration during pregnancy depends on the
analytical technique used. Automated immunoassays
(IAS) of FT4 concentration are affected by elevated TBG,
free fatty acids and reduced albumin levels, resulting in
its unreliability'*®**, The solid phase extraction-liquid
chromatography/tandem mass spectrometry (LC/
MS/MS) technique to estimate the level of FT4 in the
dialysate serum was proved highly specific as compared
to the IAS method™”. However, at present, the LC/MS/
MS technique is not extensively used due to increased
cost. According to Yue et al*®!, the reference ranges
for FT4 using the LC/MS/MS technique were found to
decrease gradually with progression of pregnancy.
In the 14" week gestation, the reference range was
estimated between 1.08-1.82 ng/dL and decreased
to 0.86-1.53 ng/dL by the end of 20™ week gestation.
Using the new technique, Kahric-Janicic et al* were
able to show decreasing concentrations of FT4 levels
with progress in pregnancy (Figure 2), and the same
results were obtained upon using IAS method on the
same samples (Figure 3). The ATA recommends the LC/
MS/MS technique as the ideal method to estimate FTa4
concentration during pregnancy. However, the ATA also
recommends use of IAS methods with consideration of
their limitations if LC/MS/MS technique is not attainable,
and obviously, TSH measurement is a better estimate
of TFT during pregnancy™,
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METHODOLOGY

Data search

An extensive literature search of multiple data sources
was performed in Pubmed, Cochrane library, Google
Scholar and South Wales University Library (FINDit)
up to December 20, 2016 for articles published in the
English language. The keywords used to search in the
data sources were: “thyroid function during pregnancy”;
“hypothyroidism in pregnancy”; “thyroid dysfunction
in pregnancy”; “outcomes and hypothyroidism in preg-
nancy”; “screening for hypothyroidism in pregnancy”;
“interventions for hypothyroidism in pregnancy” and
“treatment of hypothyroidism in pregnancy”. All study
types were selected for review, including experimental
and observational trials (cohort and case-control),
systematic reviews, meta-analyses, review articles and
clinical guidelines. In addition, some references cited in
the selected publications were also reviewed to analyse

additional data.

Hypotheses

After reviewing the relevant literature, two hypotheses
were postulated: Hypothesis-1, universal screening
for asymptomatic women in early pregnancy will be
effective; Hypothesis-2, therapeutic intervention in
pregnant women with SCH and IH and euthyroid women
with autoimmune hypothyroidism would be associated
with reduced maternal and foetal adverse outcomes.

SCREENING FOR HYPOTHYROIDISM
DURING PREGNANCY

Universal vs targeted screening

The observational studies by Haddow et a/"'® and
Pop et al® opened up the debate regarding cost-
effectiveness of targeted vs universal screening in
asymptomatic pregnant women for hypothyroidism.
These studies observed an increased risk of neurological
and cognitive development in children born to mothers
with asymptomatic hypothyroidism. Several observational
studies have focused on targeted screening by identifying

July 10,2018 | Volume 7 | Issuel |



LC/MS/MS Technique

1.2 - 1.13+£0.23

1.0 | 0.93 + 0.25 0.92 £ 0.30

0.8 -

0.6 -

0.4 -

0.2 -

0.0

Non-pregnant 1% trimester 2™ trimester

Mirghani Dirar A et a/. Hypothyroidism during pregnancy

0.86 + 0.21

3" trimester

Figure 2 Concentrations of serum free thyroxin (mean * SE) using the solid phase extraction-liquid chromatography/tandem mass spectrometry (LC/MS/

MS) technique in pregnant and non-pregnant women™’,
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Figure 3 Concentrations of serum FTs (mean * SE) using automated immunoassays technique in pregnant and non-pregnant women on the same samples

women as “high risk” to develop thyroid disease. These
studies, however, have failed to spot more than 30% of
pregnant women with SCH or OH™*%, On the other
hand, prospective studies have shown no beneficial role
of universal screening over selective approach or no
screening in terms of improvement of adverse outcomes.
For instance, Negro et al® randomised 4562 Caucasian
women with no prior history of thyroid dysfunction into
either universal or selective screening strategies and
followed them prospectively. Women in both arms were
classified on the basis of risk factors to develop thyroid
dysfunction as “high risk” or “low risk”. Blood samples
for FT4, TSH and TPO antibodies from all women in the
universal screening strategy and “high risk” women in
the selective screening arm were measured during the
first trimester. In contrast, blood samples from “low risk”
women in the selective screening arm were measured
only during the post-partum period. Women with positive
TPO antibodies and TSH more than 2.5 mIU/L received
therapeutic intervention in the form of LTs. This study

Baishidenge ~ WJOG | www.wjgnet.com

0.89 £ 0.17

3" trimester

[49]

showed that 1545 women in the selective screening arm
and 1559 women in the universal screening strategy
developed complications. However, the difference
between the two groups was not statistically significant
(P = 0.69). Hypothyroidism developed in 1.9% of
participants in the “low risk” selective arm who were only
screened post-delivery, indicating that selective high-risk
screening strategy missed a proportion of women with
maternal hypothyroidism. Interestingly, “low risk” women
in the universal screening arm who were identified to be
hypothyroid and received LT+ had fewer complications
than “low risk” women in the selective screening arm.
However, this difference was also statistically not
significant. The strength of this study remains in its
well-structured prospective design and randomization
of various sub-groups, but its main drawback remains
a homogeneous study population comprising of only
Caucasian Italian women. As a result, the study results
cannot be generalized to reflect accurately a wider
heterogeneous and ethnically diverse population.
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In another prospective study, Lazarus et af*® tested
21846 pregnant women with no history of thyroid
disease for TSH and FT4 concentrations and then rand-
omised them into either screening or control groups.
In the screening, arm blood samples were analysed
instantaneously at around the 13" week gestation; and
in the control arm, samples were frozen and only tested
post-delivery. Women with a TSH more than 97.5"
percentile, FT4 less than 2.5" percentile, or together were
considered hypothyroid and were treated with 150 ug of
LT4, with doses adjusted according to TSH concentrations
(target TSH range 0.1-1.0 mIU/L). The IQ of children
born to women with hypothyroidism was assessed at
the age of 3-years by two psychologists. This study
demonstrated that 12.1% of children in the screening
strategy scored an IQ < 85 compared with 14.1% in the
control arm. However, the difference was not statistically
significant between the two groups (P = 0.39), indicating
that screening and treatment of hypothyroidism at
around the 13™ week gestation was not clinically
beneficial in improving intellectual abilities in children at
the age of 3-years. These results could be attributed to
delayed gestational screening and a later initiation of LT
treatment, which might not have a significant effect on
neurological development. Moreover, the IQ assessment
of children at the age of 3-years could be too early to
obtain an effect of LT« therapy, unlike in Haddow et af**,
where children were assessed at the age of 7-years. The
statistically insignificant difference obtained between the
two groups could also be attributed to the risk of bias, as
about 25% women were lost to follow-up.

Based on history taking, clinical examination and
previous laboratory findings, the Endocrine Society
recommends identifying a group of women as “high
risk” to develop thyroid disease that should be targeted
for selective screening (Table 1)°. One observational
study that tested the efficacy of targeting “high risk”
women in detection of thyroid abnormalities during
pregnancy observed that women grouped as “high risk”
have over six times increased risk to develop OH or
SCH during pregnancy®™?.

General criteria for justification of disease screening

In general, screening is recommended to provide early
detection of a particular condition among the apparently
well asymptomatic individuals with the aim of reducing
its burden in the community and consequently offering
an opportunity to start specific an intervention at an
earlier stage. Screening process should fulfill several
criteria to be deemed appropriate as well as cost-
effective. An effective screening program has significant
influence on health care planning services. Historically,
Wilson and Jungner, (1968) had set certain criteria that
form the basis of the World Health Organization (WHO)
to screen for a particular disease (Table 2)®%, In view of
the key role of screening in health care, it is important
to examine the advantages of universal screening for
hypothyroidism during pregnancy using the Wilson and
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Jungner criteria.

Is hypothyroidism during pregnancy an important health
issue?

Hypothyroidism during pregnancy is the second most
common endocrine disorder; with only gestational diabetes
mellitus (GDM) being more common®>*®), The prevalence
of hypothyroidism may even be higher if women with
recently redefined trimester specific TSH values (TSH
> 2.5 mIU/L) recommended by the ATA were included
as a cut off for diagnosis of SCH. In addition, women
with increased TPO antibodies and cases of isolated
hypothyroxinaemia may be included in the spectrum of
hypothyroidism™™. In areas of iodine sufficiency, half of
women with SCH have autoimmune hypothyroidism, as
evidenced by positive TPO antibodies””. Recently, Blatt
et af'”? extracted laboratory information for 502036 women
during pregnancy from the Quest Diagnostics Informatics
Data Warehouse. Of these women, 117892 underwent
screening for OH and SCH by TSH measurement using
trimester-specific reference limits. This study showed
that 15.5% of women have OH or SCH, as evidenced by
elevated TSH measurement, and the rate was 15.1%
after adjustment for age. These results suggested that
hypothyroidism during pregnancy could be even more
widely prevalent than what is commonly accepted.
Clearly, the epidemiological data supporting a relatively
widespread prevalence of thyroid dysfunction in pregnant
women justifies the need for universal screening.

Evidence of associated adverse outcomes

From a historical perspective, Man and Jones
reported compromised cognitive capabilities in children
born to mothers with hypothyroidism. They included
1394 pregnant women into the study and measured
their butanol extractable iodines to identify hypothyroid
women along with assessment of mental and motor
development in their children using Bayley’s scales.
Later, Matsuura and Konishi®! also suggested that
intellectual development is critically compromised in
children born to mothers with hypothyroidism caused
by Hashimoto’s thyroiditis.

Recent studies have demonstrated conflicting results
regarding the association of maternal hypothyroidism
with cognitive impairment in the offspring. For instance,
Haddow et a” in a large-scale prospective study ob-
served an adverse impact on neuropsychological status
of children born to mothers with undiagnosed hypothy-
roidism. The neuropsychological status in children of
hypothyroid women and controls was recorded using
the full-scale IQ scores (15 tests). An average of 4 points
lower IQ scores was observed in children born to women
with hypothyroidism who were treated as compared with
the controls (children born to euthyroid women), although
this reduction was deemed statistically no significant (P
= 0.06). However, a significant reduction in IQ scores, by
an average of 7 points, was reported among untreated
hypothyroid women compared with the controls (P =

[58]
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Table 1 Risk factors for thyroid disease defined by the
endocrine society™”

Women over the age of 30

Family history of autoimmune thyroid illness or hypofunction
Women with thyroid swelling

Women with thyroid antibodies (mainly TPO)

Symptoms or signs indicative of hypothyroidism

Women with TIDM, or with any autoimmune diseases
Women with previous history of abortion and premature birth
Women with history of previous head or neck radiation or thyroidec-
tomy

Women on thyroid hormones replacement therapy

Women living in a geographical area lacking iodine

TPO: Thyroid peroxidase.

Table 2 Wilson and Jungner criteria for disease screening™*!

The condition sought should be an important health problem
There should be an accepted treatment for patients with recognised

disease

Facilities for diagnosis and treatment should be available

There should be a latent or early symptomatic stage

There should be a suitable test or examination

The test should be acceptable to the population

The natural history of the condition should be adequately understood
There should be an agreed policy on who to treat as patients

The cost of case finding should be cost-effective

Case finding should be a continuing process and not a “once and for
all” project

0.005). This study remained observational in design;
and, therefore, it would be difficult to conclude about the
efficacy of screening and treatment in neuropsychological
achievement without adjustment of major confounders,
such as direct measurement of parental IQ.

In contrast to observational studies, Lazarus et af**
showed in a prospective randomised trial that screening
and treatment of hypothyroidism were not significantly
beneficial in improvement of cognitive abilities in children
born to mothers with hypothyroidism. However, this trial
was criticised due to significant loss to follow-up (25%
of women) and initiation of LT4 therapy beyond a critical
time that might have a significant influence on cognitive
function. In addition, women included in this trial might
have had milder hypothyroidism (mean TSH level 3.8
mIU/L)®* than women in the Haddow trial (mean TSH
level 13.2 mIU/L)M™ .,

The association of maternal hypothyroidism with ob-
stetric complications was also reported in several trials
and results were also conflicting. For instance, Casey et alt”’
recruited pregnant women for measurement of TSH
and FTs during routine antenatal care at around the 20™
week gestation or less and followed them prospectively
to assess for obstetric outcomes associated with SCH.
In this study, 404 out of 17298 pregnant women were
identified to have SCH, and they were found to have
three-fold increased risk to develop abruptio placentae
and two-fold risk of preterm delivery. In another study,
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using data from prospective prenatal population-based
study, Wilson et a/*” found a significant association
between SCH and risk of preeclampsia in pregnant
women (P = 0.03). Negro et al*” conducted a secondary
analysis of the original prospective and randomised
Negro et al® that tested the influence of LT4 therapy on
adverse outcomes. Women with negative TPO antibodies
were grouped into either TSH between 2.5-5.0 mIU/L
or < 2.5 mIU/L. There was a significant difference in the
rate of pregnancy loss between the two groups (6.1%
in the group with higher TSH level vs 3.6% in the group
with lower TSH level) (P = 0.006).

On the contrary, Cleary-Goldman et ai used stored
blood samples from the prospective multicenter First And
Second Trimester Evaluation of Risk (FASTER) to evaluate
whether maternal hypothyroidism was associated with
adverse obstetric outcomes. In the secondary analysis,
SCH was observed in 2.2% of women and was not
associated with an increased risk of obstetric complica-
tions, such as preterm labor, hypertensive disorders,
preterm delivery and miscarriage. IH was observed in
2.3% of women and was associated with fewer obstetric
complications (preterm labor, macrosomia in the first
trimester and GDM in the second trimester). This study
also demonstrated that both thyroglobulin autoantibodies
(TGAb) and thyroid peroxidase (TPO) antibodies were
associated with an increased risk of premature rupture of
membranes'.

Is universal screening cost effective?

Ideally, well-designed randomised controlled trials (RCTs)
can provide evidence to ascertain benefits of universal
screening over a selective “high risk” approach. However,
even if such evidence was to show a clear advantage
of universal screening and clinical benefits of initiating
LT4+ therapy, it is not debatable if this approach would be
preferable from a health-economic point of view. Danese
et al® conducted a cost-utility analysis of screening
adults above 35 years old for thyroid dysfunction utilising
costs in dollars and health benefits in quality adjusted life
year (QALY) gained. They demonstrated that the cost-
effectiveness of screening adults above 35 years old
using measurement of TSH was $9223/QALY, $22595/
QALY for women and men respectively and that the
screening was markedly cost-effective in older women.
Similarly, Bona et af®* showed that screening was cost-
effective in adults above 60 years old.

Cost analyses evaluating screening for hypothyroidism
in pregnant women have suggested cost-effectiveness
of universal screening. Dosiou et af®*' compared costs
and clinical benefits of universal screening against no
screening using the Markov model. Women without
history of thyroid dysfunction were included in the model
and screened for autoimmune thyroid dysfunction with
TSH and TPO antibodies measurement. It was observed
that screening with TSH saved $102 and raised QALY
by 5.84 d compared with no screening, while testing
with TPO antibodies cost $212 and raised QALY by 5.11
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d compared with TSH screening. Likewise, Thung et a/*”
compared the two screening strategies in asymptoma-
tic SCH during pregnancy; universal screening vs no
screening using a decision analysis model. Women in
the universal screening strategy were screened with TSH
measurement and received LT+ therapy if diagnosed
with SCH. This analysis model showed that universal
screening is cost-effective and that screening 100000
women during pregnancy saved $8356383 and gained
589.3 QALYs.

The major limitation of these studies remains the fact
that this analyses were based on data from observational
trials, such as Haddow et a'*” and Pop et al*”, rather
than from RCTs. As a consequence, a universal screening
approach should not be adopted based on what can be
deemed as level 2 evidence. However, Dosiou et aft®”
recently conducted a cost-effectiveness study on screening
asymptomatic pregnant women for autoimmune thyroid
dysfunction based on data from RCTs. They used “TreeAge
Pro” model to compare universal screening approach
vs selective screening or no screening by measurement
of TSH and TPO antibodies. This analysis demonstrated
that universal and selective screenings were both cost-
effective compared with no screening. The incremental
cost-effectiveness ratio (ICERs) of universal screening
was $7138/QALY and that for selective screening was
$6753/QALY. In addition universal screening was found
to be greatly cost-effective compared with selective
screening, with an ICER of $7258/QALY. This study is
unique in that it is the only cost analysis model that
used data from RCTs™®® regarding rates of the effect
of treatment on adverse outcomes. Therefore, it would
be wise to consider this analysis in future recommen-
dations of universal screening for hypothyroidism during

pregnancy.

Is there an intervention that can lead to improvements
in the outcomes?

Levothyroxine (LT4) is currently the synthetic thyroid horm-
one of choice to treat hypothyroidism and is highly effec-
tive with very minimal risk for adverse complications'®®.
A few studies have demonstrated a beneficial role of
LT4 therapy in reducing obstetric complications®®>¢”/]
and improving outcomes in women with SCH who had
underwent in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI)®®, However, in the Negro et a/®
study, the reduced adverse outcome with therapeutic
intervention was not statistically significant, and similar
results regarding a lack of beneficial role of LT+ therapy
were obtained from another trial®¥, The conflicting
results obtained could be related to the design of these
studies, which were mostly observational and thereby
limited their ability to provide robust evidence regarding
the role of LT4 therapy in pregnant women with SCH.

Is there an appropriate test to screen for hypothyroidism
during pregnancy?
The TSH measurement with trimester-specific reference
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limits is a first-line simple marker of thyroid dysfunction
Studies have shown that the serum TSH estimation remains
the most specific test to evaluate thyroid function, with
greatly increased sensitivity upon using recent generation
tests that utilize chemiluminescence labels rather than
radio-isotopic substances'”®. Notably, serum TSH assays
may not be sensitive enough in certain clinical scenarios,
such as central hypothyroidism, adrenal insufficiency,
renal failure, severe non-thyroidal illnesses and ingestion
of certain medications®®’. In consideration of inaccuracy of
TSH assays in these circumstances, it has been suggested
to measure both TSH and FT4 in all women for screening
purposes.

FT4 measurement distinguishes between SCH and OH
and identifies cases of IH"". However, the gold-standard
LC/MS/MS technique is too expensive and not routinely
performed in most of the health facilities'*”!, Consequently,
the ATA recommends using other methods with
consideration of different laboratory reference ranges'™.
Measurement of TPO antibodies may also be considered to
identify euthyroid women with autoimmune disease and
to predict later development of postpartum thyroiditis™*.
Due to significant risk of miscarriage and premature
deliveries associated with positive TPO antibodies, some
authors suggest to screen women for autoimmunity along
with thyroid function early in pregnancy'®>’.

Is the TSH test acceptable to the population of women?
TSH measurement in women during pregnancy is a
less invasive procedure. It is accomplished by means
of extracting blood sample with almost no harm to
both mother and child, except for slight distress during
the procedure. It is also timesaving when compared
with other approved screening techniques, such as
mammography and colonoscopy. There does, however,
remain a possibility of inducing unfavorable effects on
the mother, such as social stigma, stress and anxiety®.

TREATMENT OF HYPOTHYROIDISM
DURING PREGNANCY

There is no doubt that all pregnant women with OH
should receive intervention with LTa"*'*!, The evidence
base for treating OH during pregnancy is derived from
observational studies rather than RCTs, since allocation
of some women to a non-treatment strategy would
clearly be unethical™®. On the other hand, there is
no general agreement on treating women with SCH,
isolated hypothyroxinaemia and euthyroid women with
autoimmune hypothyroidism™***%, The lack of a general
consensus in treating these specific conditions reflects
the scarcity of interventional randomised trials that have
tested the efficacy of treatment vs no treatment on
adverse outcomes!'?,

Beneficial effects of interventional therapy
LT4+ therapy: The evidence for a clear benefit of LT4
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therapy in pregnant women who are identified with mild
hypothyroidism is controversial. Abalovich et af® showed
that adequate LT+ therapy aiming to maintain TSH level
< 4.0 mIU/L reduced the rate of obstetric complications.
In a secondary analysis of this trial, it was shown that
in women who received adequate LT therapy, the rate
of preterm delivery was 1.6% compared with 12.5% in
those inadequately treated (P = 0.05)*”. Similarly, Tan
et al*® showed in a retrospective study that obstetric
complications were less frequently encountered when
hypothyroidism was treated compared with women who
were euthyroid. However, being a retrospective study
with the data derived from a single center limits the
strength of evidence.

In a well-designed RCT, Negro et af*® recruited 984
pregnant women to evaluate autoimmune hypothyroidism
and the effect of LT+ therapy in improvement of obstetrical
adverse outcomes. Women with positive TPO antibodies
were randomised into LT4 intervention vs non-treatment
strategies, and women with undetected TPO antibodies
acted as a control strategy. They showed that in women
treated with LT therapy, the rate of miscarriage was 3.5%
compared with 13.8% in women who were not treated (P
< 0.05). Similarly, the rate of premature deliveries was 7%
compared with 22.4% in women not treated (P < 0.05).
However, the difference was not statistically significant
with regards to other adverse obstetric outcomes.

In an attempt to evaluate the effect of LT+ doses
adjustments on TSH and FT« levels, Rotondi et alt’®
enrolled 25 pre-conception women who were under
treatment with LT4 therapy and who were wishing to
conceive and later confirmed pregnant. They showed
that in hypothyroid women receiving modified doses
of LT4 therapy, there were significantly increased FT4
and reduced TSH levels compared with women who
remained under the same LT4 doses before pregnancy (P
= 0.001). Similarly, Yassa et al’*! demonstrated that LTa
therapy is effective in maintaining TSH concentration
< 5.0 mIU/L during the first trimester. A significant
reduction in TSH level below 0.5 mIU/L has been shown
in 32% of women who received lower supplementary
doses compared with 65% of women who received
higher doses of LT+ therapy (P < 0.01).

Recently, in a large prospective randomised trial,
women who received LT4 therapy had fewer adverse
outcomes than women who were not, but the difference
was not statistically significant™®, In another prospective
randomised trial, it was demonstrated that LT+ therapy
significantly improved embryo implantation, live birth and
miscarriage rates in women with SCH who underwent
IVF/ICSI™®, In contrast to these findings, Lazarus et af>
failed to demonstrate a beneficial role of LT+ therapy in
improvement of neuropsychological abilities in 3 years old
children born to mothers with high TSH or low FTa levels.
Moreover, a recent Cochrane review of four RCTs showed
that at present there is no sufficient evidence to support

[75]

routine treatment with LT+ of SCH during pregnancy" .
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Selenium therapy: Another intervention used in recent
years is the trace element selenium (also known as 21%
amino acid), which has been shown to be beneficial in
treating women with positive TPO antibodies to prevent
thyroid inflammatory process”’®. In the thyroid tissue,
the activity of glutathione peroxidase is dependent on the
availability of selenium, and its deficiency predisposes to
increased formation of free radical, hydrogen peroxide and
lipid and phospholipid hydro-peroxides. These metabolic
intermediates have destructive effects within thyroid
tissue and also affect both humoral and cell-mediated
immunity, increasing the possibility of autoimmune
thyroiditis. Therefore, it has been suggested that selenium
supplementation might have immune modulatory effects
in autoimmune thyroiditis””). The number of studies
testing selenium as a therapeutic intervention during
pregnancy is limited. Negro et af’® identified 169 out of
2143 pregnant women who screened positive for TPO
antibodies. They noted a significant risk reduction of
28.6% in postpartum thyroiditis in the group of women who
received selenium compared with 48.6% in the placebo
group (P value < 0.01). A statistically significant (P value
< 0.01) reduction of persistent maternal hypothyroidism
in patients who received selenium (11.7%) was observed
as compared with women who received placebo (20.3%).
Benefits of selenium intervention were also evidenced by
significant reduction in the TPO antibodies and improved
thyroid ultrasonography findings in women who received
selenium compared with the placebo group.

Intravenous immunoglobulin therapy: Clinical
evidence on the use of intravenous immunoglobulin
(IVIG) therapy in treatment of thyroid autoimmunity
during pregnancy is scarcely available and conflicting.
Kiprov et al’® observed a reduction in circulating auto-
antibodies and improvement of miscarriage rate in women
with immunologic abnormalities suffering recurrent
miscarriage. In a prospective non-randomized clinical
trial, Stricker et af*® evaluated 47 women with recurrent
miscarriage who had multiple autoimmune diseases (53%
were identified with thyroid autoimmunity). They found a
significant difference in miscarriage rate between women
treated with IVIG and women in the untreated group. In
contrast, Vaquero et af*" found a significant reduction in
miscarriage rate in 11 women with thyroid auto-antibodies
who received LT4 therapy compared with 16 women
treated with IVIG therapy.

Who should be treated?

In the setting of treating hypothyroidism, in accordance
with ATA and Endocrine Society recommendations, all
women diagnosed with OH during pregnancy should be
treated with LT4 therapy. However, treatment of pregnant
women with SCH remains controversial. While the ATA
guideline do not recommend LT4 therapy in women
with SCH and negative TPO antibody, the Endocrine
Society recommends treating them regardless of thyroid
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autoimmune status™?”. In addition, due to insufficient
evidence suggesting harm, the ATA guidelines does not
recommend treatment of isolated hypothyroxinemia in
pregnant women™.,

Subclinical hypothyroidism: Several observational
studies have demonstrated a significant association
between subclinical hypothyroidism (SCH) during preg-
nancy and obstetrical complications”*>**%!, However,
Cleary-Goldman et al*®! failed to demonstrate such
association. These observational studies were mostly
prospective, and the differences in results obtained could
be related to using different biochemical definitions for
SCH and various timing during gestation to test for TSH.
One RCT by Negro et al found a significant reduction in
the rate of obstetrical complications in women with SCH
during pregnancy when these women were treated with
LT4 therapy.

The cognitive and neurophysiologic outcomes in
offspring born to mothers with SCH have also been
tested in several studies, and the results were contro-
versial. The largest observational study of Haddow et af*”
showed a significant reduction in IQ scores by 7 points
among women with SCH compared with controls.
Smit et af® in a small prospective observational study
demonstrated a significant reduction in the mean mental
developmental index (MDI) in children born to mothers
with SCH compared with children of euthyroid mothers.
Similarly, in another small prospective observational
study, Li et al™ showed a significant reduction in the
Bayley’s scale scores and the MDI of children born to
women with SCH compared with children born to women
with maternal euthyroidism. On the contrary, Lazarus et al™>
did not find a significant difference in improvement of IQ
of children born to women with SCH who had received
LT4 therapy compared to children of women in the control

group.

Euthyroid status with autoimmune hypothyroi-
dism: In iodine replete regions, autoimmune thyroiditis
remains the most common cause of hypothyroidism
during pregnancy”. Autoimmune thyroiditis is defined
as the presence of increased levels of TPO and TGAb
antibodies in the circulation of pregnant women®”, but
TPO antibodies are considered distinctive and the most
sensitive marker®",

Several studies have observed the presence of
thyroid auto-antibodies in euthyroid mothers associated
with adverse obstetric complications; however, these
results are inconsistent. In an observational case-control
study, Bussen et a/'®' found a significant increase in
the incidence of thyroid auto-antibodies in women
who presented with a history of recurrent abortions. A
Finnish prospective population-based study found that
women with TPO and TGAb antibodies had two to three
times increased risk of perinatal mortality compared
with antibody negative women, regardless of TSH and
FT4 levels™, A meta-analysis of observational studies
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reported an odds ratio (OR) of 2.73 for miscarriage in
women with thyroid autoimmunity in eight case-control
studies and OR of 2.30 in ten longitudinal studies®.
Similarly, a recent meta-analysis found the OR for
miscarriage in case-control and prospective studies to be
2.55 and 2.31, respectively®”. In another recent meta-
analysis, Thangaratinam et al®® showed an OR of 3.90
and 1.80 for miscarriage in women with autoimmune
thyroiditis in prospective cohort studies and in case-
control studies, respectively. In a prospective randomized
trial, Negro et af*” showed a significant increased risk of
miscarriage in women with positive TPO antibodies and
subfertility undergoing assisted fertilization. In a meta-
analysis, Toulis et a®*® demonstrated a significant two-
fold higher risk for miscarriage in women with thyroid
auto-antibodies compared with women in the control
group (P < 0.001).

The cognitive and neurologic development in
children born to euthyroid mothers with thyroid auto-
antibodies has also been investigated. In a prospective
study, Pop et al® reported a significant reduction on
the McCarthy’s scale scores in children born to euthyroid
mothers with positive TPO antibodies compared with
mothers who screened negative for TPO antibodies.
In a recent retrospective case-control study, Li et at**!
used stored blood samples from a group of Chinese
women who were screened for Down syndrome in
2004. They observed that the mean intelligence and the
mean motor scores on the Bayley’s scale of 34 children
were 10.56 and 9.03 points lower than that of 142
children in the control arm, respectively (P = 0.001 in
both). However, being retrospective in design, it would
be difficult to avoid important confounders such as
parental IQ, which might affect the intellect of children.
Based on data derived from 3139 women within the
Generation R Study, Ghassabian et al®" reported an
OR of 1.64 for externalizing disorders in the offspring
(age 3 years) of women with increased levels of TPO
antibodies compared with children born to women with
negative TPO antibodies (P value = 0.004). In contrast,
children born to women with positive TPO antibodies
did not show significant delayed language development
(including vocabulary and phrase development) and
nonverbal cognitive delay at the age of 3 years.

Treatment with LT+ therapy may improve miscarriage
rates in women with thyroid autoimmunity, however, the
results are inconsistent. For instance, in a well-designed
RCT, Negro et al'®* demonstrated a significant reduction
in the rate of miscarriage and premature deliveries upon
treatment with LT4 therapy in women with positive TPO
antibodies during pregnancy. Previously, Negro et a/f*”
did not find that LT+ therapy improved miscarriage rate.
However, a meta-analysis of both studies revealed a
significantly reduced relative risk of 52% in miscarriage
rate upon treatment with LTa therapy'®®..

Isolated hypothyroxinemia: The association between
isolated hypothyroxinemia (IH) during pregnancy and
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obstetrical complications is controversial. Casey et a/®"!
identified 233 out of 17298 pregnant women with IH
and found no associated increased risk of obstetric
complications. In contrast, Cleary-Goldman et a/ found
in their secondary analysis a significant association of
IH and increased risk of preterm labor, macrosomia and
GDM.

Recent evidence suggests that IH may adversely
affect offspring’s cognitive and neurologic outcomes,
although the results are equivocal. In a prospective
observational study, Pop et al'** showed a significant
reduction in the mental and motor functions of the
Bayley’s scale scores in the offspring of women with
IH compared with those of the offspring of women
in the control group. Similarly, in a small prospective
observational study, Li et a* showed a significant
reduction in the intelligence and motor scores of children
born to women with IH compared with children born to
women with maternal euthyroidism. Recently, Henrichs
et al! showed in the largest prospective Generation
R study (a population-based cohort) that there was a
significant risk of impairment in expressive language
and nonverbal cognition in children born to mothers
with IH. However, the assessment of children’s cognitive
development in this study was totally dependent on
mothers reporting, a fact which might increase the
risk of observer bias. In contrast, Lazarus et a** did
not show a significant difference between the children’
s IQ of women with IH who received LT4 therapy as
compared to the control group. This randomized trial
had several criticisms though, including significant loss
to follow-up. Similarly, in an observational case-control
study, Craig et al®” found that the Bayley’s scale scores
of children born to women with FT4 level below the
3" percentile did not differ significantly from scores of
children born to women with FT4 level between the 10th
and 90th percentile.

Hypothesis-1

From the foregoing discussion it is obvious that screening
pregnant women for hypothyroidism meets most of the
Wilson and Jungner criteria that justify screening for
disease. However, the evidence of associated adverse
outcomes is not clear enough. There is also a lack of
good quality evidence regarding impact of maternal
subclinical hypothyroidism on neuropsychological de-
velopment in children. The association of maternal
hypothyroidism with obstetric complications also remains
contentious. In addition, the evidence for a clear benefit
of therapeutic intervention in pregnant women with mild
hypothyroidism is also not convincing. Inadequacy of
clear evidence for both associated adverse complications
and efficacy of intervention may partially act against
Hypothesis-1. Studying the impact of screening and
treatment on improvement of children neurocognitive
status and obstetric complications in large RCTs will be
important to understand further the impact of milder
thyroid under-activity upon outcomes for mother as well
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as the child.

On the other hand, previous cost analyses models
were based on data from observational studies, unlike
recent models that used data from RCTs. The recent
analysis model of Dosiou et al®"! supports the cost-
effectiveness of universal screening. This significant study
supports Hypothesis-1 and could potentially influence
feasibility to adopt universal screening for hypothyroidism
during pregnancy. Moreover, hypothyroidism during
pregnancy should be considered an important health
issue with wide-spread prevalence as per the study of
Blatt et ai”’. Further inclusion of women with EAD and
IH adds further weight in favour of Hypothesis-1.

The screening program will identify both overt as
well as subclinical hypothyroidism and other subtypes.
There is level 1 evidence that suggests adverse
maternal and foetal outcomes if overt hypothyroidism
remains untreated in pregnancy; on the other hand,
there is lack of evidence on the beneficial impact of
therapeutic intervention in subclinical hypothyroidism.
Therefore, universal screening, if cost effective, will
improve obstetric as well as foetal outcomes in a subset
of patients (overt hypothyroidism) even though the
other subgroup (subclinical hypothyroidism) may not
be benefited by this approach. Although screening
for hypothyroidism during pregnancy does not satisfy
most of the Wilson and Jungner criteria for a standard
screening test, it is difficult to rationalize only a “high
risk” screening approach for this condition associated
with maternal as well as neonatal morbidity. It is
worthwhile to note that the patient population to screen
is already well defined (cohort of pregnant women),
which further enhances cost effectiveness. In addition,
the easy access of the TSH test as an appropriate tool
and acceptability to the population of women may
further augment justification of screening and supports
Hypothesis-1.

Hypothesis-2
We have reviewed the available literature to evaluate
complications and efficacy of intervention in SCH, IH
and euthyroid women with autoimmune hypothyroidism
during pregnancy. To discuss and analyze Hypothesis-2,
these three sub-groups will be discussed separately.
Firstly, observational studies in women with SCH
are not homogenous with regard to using different
biochemical definitions for SCH and different timing to
test for TSH. Therefore, the quantity and consistency
of data are suggestive, although not conclusive, in
demonstration of an association with adverse obstetrical
complications. These studies suggest a possible
association of SCH and increased risk of hypertensive
disorders, pregnancy loss, abruptio placentae and
preterm delivery’>**%% put Cleary-Goldman et a/!
found no such association. It could be possible that the
increased risk for adverse obstetrical outcomes in women
with SCH in these studies was a consequence of an
additive effect of women being at risk to develop these
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complications. The women populations in Negro et af*”
were Caucasian Italian and that in Casey et al”! were
medically indigent from a single hospital, and as such,
the generalizability of their findings remains a genuine
concern. In addition, the population in Cleary-Goldman
et a”! belongs to heterogeneous backgrounds.

On the other hand, evidence from one RCT con-
vincingly demonstrated that LT+ therapy promoted impro-
vement of adverse obstetric complications in women
with SCH (Negro et af’®!). The data of this study were
used in the recent cost effectiveness analysis by Dosiou
et al®, which demonstrated that universal screening is
clearly cost-effective based on the rates of the effect of
LT4 therapy on adverse outcomes. The evidence obtained
from this RCT and the cost effectiveness analysis
supports Hypothesis-2 with regard to the benefits of
treating SCH in pregnant women. The evidence for
impaired cognitive outcomes in offspring born to mothers
with SCH was obtained mostly from observational
studies™®***, but intervention with LT« therapy in a
prospective randomised trial has not shown beneficial
impact in improving cognitive outcomes®™. However,
there are two important drawbacks of this study: the
significant loss to follow-up and the late initiation of
LT+ therapy during gestation. Therefore, with regards
to cognitive outcomes, it seems difficult to support
Hypothesis-2 based on evidence derived mainly from
observational rather than well-designed RCTs.

Secondly, observational studies showed that thyroid
autoimmunity has been linked with an increased risk
of habitual abortion, miscarriage, preterm delivery
and increased risk of perinatal mortality®®>®®!. These
observations were further supported by a prospective
randomized trial (but not placebo controlled) of Negro
et a® and four recent meta-analysis of observational and
cohort studies”®#*#”#, This significant association does not
infer a causal relationship between autoimmune thyroiditis
and risk of miscarriage because other autoimmune
diseases, such as antiphospholipid syndrome and systemic
lupus erythematosus, could also influence pregnancy
outcomes. Impaired cognitive outcomes in offspring born
to mothers with thyroid autoimmunity were demonstrated
in observational studies™**®!, However, this was not the
case in the recent Generation R Study®™". Although large,
prospective and population-based, the main drawback of
this study is that, unlike previous studies, the assessment
of children’s cognitive development was totally dependent
on parental subjective assessment, a fact that might
increase the possibility of an observer bias. However,
both father and mother were asked separately to report
on their child’s behavior, and both were blinded to the
results of thyroid function. A benefit of intervention with
LT therapy was not clear and inconsistent®®**%, In view
of the limited number of studies investigating the effect of
LT4 therapy in euthyroid women with autoimmune disease
and their smaller sample size, it is difficult to make a clear
conclusion of effectiveness. However, the trend for reduced
miscarriage and preterm delivery in women treated with
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LT+ therapy may suggest a beneficial role. On the other
hand, use of other interventions, such as selenium and
IVIG therapies, to treat thyroid autoimmunity in pregnant
mothers has not been extensively studied, and results
are conflicting. Moreover, the beneficial results obtained
need validation in a larger group of women using well-
designed trials, bearing in mind the issues of safety and
cost effectiveness. Therefore, in view of these findings
regarding the benefits of intervention in euthyroid women
with thyroid autoimmunity and lack of RCTs and cost
effectiveness analyses, it seems unjustifiable to support
Hypothesis-2.

Finally, the results of observational studies investi-
gating the association of IH with adverse obstetrical
outcomes®®” and that with adverse cognitive and
neurological outcomes™******% have been inconsistent.
In addition, there has been no improvement in cognitive
and neurological outcomes in children born to mothers
with isolated hypothyroxinaemia upon intervention
with LT therapy™. Therefore, in view of these findings
and a lack of clear evidence indicating poor outcome of
isolated hypothyroxinaemia, it seems difficult to recom-
mend firmly treating this condition during pregnancy.
Moreover, routine FT+ immunoassays are affected by
elevated TBG and other binding proteins, whereas the
gold-standard LC/MS/MS technique is not available in
most of the health facilities™*®. Consequently, choosing
appropriate candidates for treatment based on accurate
FT4 measurements might not be cost effective, and it
remains difficult to support Hypothesis-2.

CONCLUSION

In conclusion, screening asymptomatic women for
mild thyroid dysfunction during pregnancy could offer
an opportunity to initiate early intervention and to
obtain further epidemiological data to evaluate natural
history of SCH. It is clear that carrying out universal
screening to identify the varieties of hypothyroidism
during pregnancy meets most of the general criteria that
justify screening for a disease. Hypothyroidism during
pregnancy could be considered an important health issue
when SCH, IH and euthyroid women with autoimmune
hypothyroidism were included in the diagnosis, using
the recent ATA definitions. Moreover, universal screening
was found to be greatly cost-effective compared with
selective screening in a recent cost analysis. However,
an important limitation in studies involving cost utility
analysis is the lack of prospective experimental trials
evaluating the effects of treatment against no treatment
on neuropsychological development in children born to
women with hypothyroidism. In addition, the evidence
of associated adverse outcomes was also not conclusive
due to a lack of well-designed randomised trials testing
the evidence of a clear benefit of intervention. Few RCTs
demonstrate that LT4 therapy promotes improvement
of adverse obstetric complications in women with SCH,
but the evidence for impaired cognitive outcomes is

July 10,2018 | Volume 7 | Issuel |



inconsistent. Similarly, it is also difficult to make a clear
conclusion of LT therapy effectiveness in cases of thyroid
autoimmunity and isolated hypothyroxinaemia based on
observational studies. Nevertheless, it seems justifiable
to treat all women with SCH during pregnancy with LT4
therapy, same as women with OH. In addition, because
of uncertainty of a possible beneficial role of intervention
in thyroid autoimmunity and isolated hypothyroxinaemia,
it seems difficult to advise for or leaving aside treating
these conditions. The conclusion drawn from most of the
trials conducted has been limited by lack of statistical
power and the controversial results obtained. In the
future, the most favorable trial would be expected to
test women with SCH, IH and thyroid auto-antibodies
during pregnancy. Ideally this trial should have a larger
population of different ethnic backgrounds, be double-
blinded and include a well matched control group. A
relatively longer follow-up of children born to mothers
with SCH would be crucial to evaluate cognitive and
neurological outcomes.
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Abstract

Endorphins are the body’s natural opioids that are
created and released by the central nervous system,
hypothalamus and pituitary gland. Endorphins have a
reputation for pain reduction, enhancing excitement
or satisfaction, boosting confidence, enabling control
of emotions and generating feelings of euphoria, and
are involved in the natural reward cycle. There is
also evidence in the literature suggesting the role of
endorphins in sexuality (including sexual function and
sexual behaviours), as they may regulate the release of
sex hormones, prolactin and growth hormone, which
are involved in sexual function and love. Endogenous
oxytocin is another intrinsic hormone whose role in
inducing labour contractions, the delivery of the baby and
stimulating lactation has been well studied. However, the
potential impact of endorphins and oxytocin on sexuality
and romantic relationships is not well understood.
This article reviews the research on endorphins and
endogenous oxytocin and how they relate to human
sexuality and romantic relationships. Some animal
studies report the effect of endorphin and oxytocin on
sex hormones and mating behaviours, but these findings
have not been supported by research into human
behaviour, indicating many gaps in knowledge relating
to the association between these hormones and human
sexuality.

Key words: Romantic relationship; Sexual behaviour;
Sexual function; Endorphins; Oxytocin; Sexuality

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Less is known about the association between
endogenous opioids and sexual function and behaviors in
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humans. There are mixed reports regarding the impact
of oxytocin on sexuality and romantic relationships.
The importance of physiological changes during sexual
activity and how they can affect human relationships
and the gaps in the literature highlight the need for
high-quality research to extend our understanding of the
hormonal physiology of sexual function and the role of
endorphins and oxytocin in human sexuality.

Khajehei M, Behroozpour E. Endorphins, oxytocin, sexuality
and romantic relationships: An understudied area. World J Obstet
Gynecol 2018; 7(2): 17-23 Available from: URL: http://www.
wjgnet.com/2218-6220/full/v7/i2/17.htm DOI: http://dx.doi.
org/10.5317/wjog.v7.i2.17

INTRODUCTION

Endorphins are the body’s natural opioids, or endogenous
opioids, that are created and released by the central
nervous system (CNS), hypothalamus and pituitary
gland. Endorphins have a reputation for pain reduction,
enhancing excitement or satisfaction, boosting confidence,
enabling control of emotions and generating feelings of
euphoria, and are involved in the natural reward cycle. The
release of endorphins in the human body is triggered by
a variety of factors, induding massage and bodywork!",
exercise™”, active performance of music™, consumption
of certain foods such as dark chocolate™, environmental
factors such as ultraviolet light”®, and childbirth®. There
is also evidence in the literature suggesting the role of
endorphins in sexuality. It is suggested that endorphins
regulate the release of other hormones, such as sex
hormones, prolactin and growth hormone, which are
involved in sexual function and love'”®.

Endogenous oxytocin is another intrinsic hormone
whose receptors were first discovered in 1984 because
of their role in inducing labor contractions, the delivery
of the baby and stimulating lactation. Endogenous
oxytocin is primarily synthesised in the hypothalamus
and is then stored in the posterior pituitary gland, from
where it is released into the bloodstream™. The release
of endogenous oxytocin can be provoked by a variety
of stimuli including sexual and reproductive stimuli
(copulation, genital and breast stimulation, birth, olfactory
stimuli, and sucking)® and non-sexual stimuli (i.e.,
grooming, massage and contact with offspring)™".

The roles of endorphins and oxytocin are well res-
earched and understood in some areas of health,
but their potential impacts on sexuality and romantic
relationships are only beginning to be understood.
The purpose of this editorial is to review current under-
standing of endorphins and endogenous oxytocin and
how they relate to human sexuality (including sexual
function and sexual behaviours, for the purpose of this
review).
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EFFECT OF BETA-ENDORPHIN
ON SEXUALITY AND ROMANTIC
RELATIONSHIPS

Human studies

The association between beta-endorphin and sexuality
and romantic relationships is mutual, with endogenous
sex steroids affecting the neurobiology of sexual function
by directly influencing receptors at the nuclear and
membrane level or by indirectly affecting the neuro-
transmitters of neuropeptides (endogenous oxytocin and
endorphins)™*?, For this reason, it has been suggested
that endorphins may be involved in the regulation of
sexual function in humans.

It has been suggested that a mild increase in the
beta-endorphin level creates a sense of wellbeing,
and that a greater increase may lead to analgesia and
euphoria. A variety of behavioral experiences can activate
the release of beta-endorphin. For example, exercise
stimulates secretion of corticotropin-releasing hormone,
resulting in an increase in ACTH and endorphins that
may enhance an individual’s sexuality™. In addition
to aerobic exercise, discontinuation of tobacco use and
illicit drug use and reduced alcohol consumption improve
tissue oxygenation, promote metabolism, reduce body
mass index and stimulate endorphin release that may, in
turn, boost sexual response™*.

An increase of endorphin levels during sexual activity
in humans is presumed to contribute to attachment and
bonding between partners, similar to that of a mother
and her newborn™. However, contradictory reports in
the literature question the association between sexuality
and endorphin levels. For example, in a small study on
10 healthy women, sexual arousal and orgasm resulted
in a sharp increase in cardiovascular parameters and
plasma catecholamine concentrations along with an
increase in the concentration of plasma prolactin, but no
changes were seen in the plasma concentrations of beta-
endorphin™.. A similar neuroendocrine response pattern
to sexual arousal and orgasm in men was reported in an
earlier study by Kriiger et af**!, Although they showed
a transient increase in heart rate and blood pressure as
well as noradrenaline and prolactin plasma levels, no
changes were seen in the plasma beta-endorphin and
other endocrine variables.

Less is known about the association between en-
dogenous opioids and sexual function and behaviors
in humans, but it is known that exogenous opiates
negatively affect the sexuality of male and female who
misuse opiate drugs and contribute to their reduced
sexual desire, impaired sexual arousal, decreased
genital response, delayed or blocked ejaculation, orgasm
dysfunction and infertility!*”’. Opiate drugs negatively
affect sexual function through reducing the levels of
sex hormones, and their effect on the endocrine system
begins immediately after they are taken™. Although
little is known about the exact mechanism of sexual
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dysfunction in people who are opioid-addicted, and
studies in this area are small, the available evidence
shows a high prevalence of opioid-induced hypogonadism
(up to 90%) in patients who take opiate drugs such
as heroin'®, methadone®, intrathecal opioids™" and
systemic (oral or transdermal) opioids'****!. According
to a systematic review and meta-analysis®* of the
testosterone levels in men and women while using
opiate drugs, regular use suppresses the testosterone
level in men regardless of the type of opioid being in-
gested. Testosterone levels in women are not affected
by opiate drugs. This sex difference suggests that opiate
drugs may have differential mechanisms for endocrine
disruption in men and women, and this should be taken
into consideration when treating sexual problems in
people who are opiate-dependent®. Since there may
be different endocrine targets to aim for even in non-
opioid-dependent men and women while trying to treat
their sexual dysfunction using pharmaceutical drugs, any
future drug development for sexual dysfunction needs to
consider these differences.

The negative effects of opiate drugs on male sexual
function are reversible after opiate withdrawal® or
administration of opiate antagonists®®. The positive
effects of opiate antagonists are increased luteinizing
hormone (LH) pulsatility, raised serum testosterone
levels™®, increased in vitro sperm motility after admi-
nistration of naloxone®®, recurrent spontaneous penile
erections, frequent orgasms and more intense sexual
arousal and orgasm in healthy adult men who were not
addicted to opiates, after administration of naltrexone'.
However, these findings are not supported by animal
research, indicating a lack of substantial influence of
acute or chronic naloxone administration on different
sexual activities of isolated and group-housed male
rats®”). Details of other animal research are discussed in
the next section.

The limited research in humans, especially in women,
has created inconsistent but, in some cases, interesting
results. For example, in the study by Goldstein and
Hansteen™!, a single male subject was recruited and
the researchers prematurely concluded that there is no
evidence of the involvement of endorphins in male sexual
arousal. Other research by Gillman and Lichtigfeld®*?
found that administration of a 2 mg dose of naloxone on
two separate occasions enhanced orgasm and pleasure
in women, while a single 2 mg dose of naloxone inhibi-
ted arousal and orgasm for up to 10 min, suggesting
that the relationship of naloxone to orgasm is dose-
dependent and potentially parabolic. This is consistent
with the notion that endogenous opiates, such as beta-
endorphin, have both inhibitory and excitatory effects,
but the explanation for the dose-response effect remains
obscure!”’,

Animal studies
Findings of animal studies suggest that opioid peptides
may have both excitatory and inhibitory effects on sexual
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performance and behaviours”**. When opioid peptides
are released in response to stress, they impose their
inhibitory effects by acting in the medial preoptic area
and the paraventricular nucleus that, in turn, impairs
sexual performance®®”. According to animal studies, it is
suggested that endorphins regulate the release of other
hormones, such as sex hormones, prolactin and growth
hormone, that are involved in sexual function and
attachment”®!, It has also been suggested that this may
be relevant to the low level of sexual desire in people
with symptoms of depression®.,

Preliminary studies have investigated the me-
chanisms of inhibition of sexual behavior by opioids.
Myers and Baum®® showed that naloxone, the opiate
receptor antagonist, has a facilitatory effect on masculine
sexual performance in rats, resulting in the release of
gonadotropin releasing hormone (GnRH). A later study™”
indicated that infusion of opioid antagonists into the
mesencephalic central gray matter increases neuronal
GnRH output that in turn enhances the likelihood of
lordosis behavior in estrogen-primed female rats. Other
studies have shown that acute treatment with opioid
antagonists augmented GnRH secretion followed by
raised levels of serum LH and testosterone™**?,

In a study by Csaba et a*”, administration of a single
dose of endorphin to neonatal rats showed that sexual
activity permanently decreased in females after five
months and their tendency to refuse the male increased,
in addition to male aggression increasing. Female rats
showed a permanent increase in the density of uterine
estrogen receptors, and male rats showed a decline in
the serotonin level in the brain. Although little is known
about the interaction of endorphin and other hormones
or neurotransmitters in relation to human sexuality,
results of the study by Csaba et a*” suggest that there is
a role for hormone imprinting at birth and that endorphin
treatment influences sexual hormone production, which
can affect sexual behaviors in later life.

During labor, the level of endorphin in the mother’s
blood increases and is dependent on the intensity of pain
and the duration of labor™*Yl, Therefore, it is presumed
that neonatal endorphin imprinting affects later-life
events such as sexual activity and aggression, because
of the association between brain serotonin levels and
aggressive behaviours*!. However, this hypothesis is
based solely on data from rodent models, and its gene-
ralizability to other species, including primates (e.g.,
humans) is currently unclear.

The opioid peptides impose their excitatory effects
by acting in the ventral tegmental area, increasing the
activity of the mesolimbic dopaminergic system and
promoting sexual arousal and motivation. There appears
to be no research investigating the role of beta-endorphin
in human sexuality, making it impossible to determine
whether this is a general effect of all opioid peptides or
if it is specific for other peptides such as enkephalin, as
reported in the literature®,

Research in animal models has found that beta-
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endorphin affects brain activity and maintains a sense
of balance and wellbeing by allowing the animals to
perform feeding and drinking activities as well as social
grooming*?, A systematic review of animal studies™**
has also suggested that beta-endorphin plays its main
role in the appetitive and precopulatory phase of sexual
behavior, in preparation for copulatory activities. Further,
there is a relationship between beta-endorphin and sex
hormones.

EFFECT OF OXYTOCIN ON SEXUALITY
AND ROMANTIC RELATIONSHIPS

Human studies

Oxytocin is known as the “hormone of love”. Endogenous
oxytocin arouses feelings of pleasure, peace and secu-
rity when in the company of a partner’®. The release
of endogenous oxytocin from the pituitary gland into
the bloodstream is triggered by sexual stimuli such as
hugging, touching, and genital and nipple stimulation
in both genders, and its plasma level is correlated with
the levels of arousal and lubrication, reaching a peak
during orgasm!™. The release of endogenous oxytocin
decreases fearfulness and works as an anxiolytic agent,
diminishing the level of anxiety through inhibiting fear
responses in the amygdala, which contains substantial
numbers of oxytocin receptors'®’), The release of endo-
genous oxytocin from the brain during intimate touching
or sexual activity with a partner has been suggested
to have a vital role in sexual monogamy in men and
women!*®,

Ecstasy [(3,4-methylenedioxymethamphetamine
(MDMA)] is a recreational psychoactive drug and is
often called the “love pill”. Research has shown that
ecstasy stimulates endogenous oxytocin activity via
activation of serotonin 5-HT1A receptors resulting in an
increase in feelings of love, empathy and connection to
others™,

A rise in endogenous oxytocin results in an increase
of plasma endorphins, natural pain-killers that can
diminish pain in women who suffer dyspareunia, due to
anxiety or a lack of trust in their partner during the first
stages of their relationship®®®. Despite these, research
has suggested that endogenous oxytocin may not be
high before the commencement of sexual activity and it
may not be the main trigger of sexual drive and desire
preceding the initiation of sexual activity. According to
this, the level of endogenous oxytocin increases after
the woman receives appropriate stimulation and starts
enjoying the sexual activity™", This claim is supported by
data from self-report studies indicating that some women
may enjoy sexual activity and reach orgasm when sexual
stimulation and intercourse occur®?, although they may
not be the initiator of the sexual activity™>".,

Higher plasma concentrations of oxytocin have been
shown in people who have fallen in love as well as during
the transition to parenthood. A magnetic resonance
imaging study of 10 women and 7 men (mean age
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21.4 years) has shown that brain areas involved in the
formation of romantic attachment are rich in oxytocin
receptors™. The same brain regions are activated in
new parents with great parental-infant attachment and
new lovers in prolonged romantic relationships™®. These
reports suggest that parent-child attachments and
romantic bonds may share some fundamental mech-
anisms mediated by the oxytocinergic system, though it
is not evident in the literature.

Postpartum loss of sexual desire, arousal and orgasm
have been reported across many studies and have been
shown to remain as long as one year™ to many years
after childbirth®™”. Research suggests that changes in
sexual function in postpartum women may not be only
because of physical changes during the transition to
motherhood, but may also be due to psychological and
neuroendocrine alterations during and after childbirth.
Neuroimaging assessments of seven mothers have
shown changes in the prefrontal-limbic system during the
transition to motherhood, including the amygdala, which
is responsible for the expression of oxytocin receptors,
suggesting that the amygdala may be less responsive
to sexual images and stimuli in postpartum women®®..
Another suggested alteration is that the brain may not
release the expected amounts of endogenous oxytocin
during sexual activity in postpartum women, and this
may result in decreased self-reported feelings of sexual
desire in these women™,

A modest body of evidence suggests that any fac-
tor that can interfere with the release of endogenous
oxytocin can cause sexual dysfunction in postpartum
women. Among the various factors contributing to
sexual problems in postpartum women®®¥ is the use of
intravenous synthetic oxytocin during labour and birth.
This factor is not subject to the standard mechanisms
regulating endogenous oxytocin and affects the normal
behaviors of the amygdala’***.

Considering the low levels of endogenous oxytocin in
women experiencing sexual problems, and the different
mechanisms of action of intranasal and intravenous
synthetic oxytocin, researchers have attempted to address
the sexual problems of women by using an intranasal
spray of synthetic oxytocin which was supposed to
deliver lower doses of synthetic oxytocin to the body com-
pared with intravenous synthetic oxytocin administered
during labour. A case report by Anderson-Hunt and
Dennerstein® showed copious vaginal transudate and
a subsequent intense sexual desire two hours after the
use of intranasal spray of synthetic oxytocin to facilitate
breastfeeding. However, findings of their report may not
be generalised to the entire population as they studied
only one woman for a short period of time. Another
study showed that intranasal administration of synthetic
oxytocin improved attachment-related behaviors, such
as eye gazing™, interpersonal trust, compassion and
positive communication™”’,

The use of intranasal synthetic oxytocin in men has
been shown to result in a remarkable increase in their
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endogenous oxytocin levels together with increased
secretion of catecholamines when they were engaged in
sexual activity in a laboratory setting™. Nevertheless,
no further evidence in the literature supports the use of
synthetic oxytocin for female sexual dysfunction.

As mentioned earlier, there are mixed reports
regarding the impact of oxytocin on romantic relati-
onships. Some studies have indicated links between
plasma oxytocin and positive communication, affiliation,
emotional support and love'®”®, but others have shown
associations between elevated peripheral oxytocin and
post-conflict anxiety and decreased levels of forgiveness
in romantic couples**”!, These results, however, should
be interpreted with caution due to controversy about the
reliability of plasma oxytocin levels as a peripheral proxy
for central concentrations.

Animal studies

A comprehensive review of animal studies on the effect
of neuropeptides on the regulation of the brain, social
cognitive processing and associated social behaviors has
suggested a link between the oxytocinergic system and
dopamine which promotes sexual behaviors such as
pair bonding and sexual arousal”?. This association may
also contribute to an expectancy of future reward and
the sexual arousal reward that are naturally expected
later, as shown in rodents!”

When synthetic oxytocin is administered intranasally,
it proceeds through the fluid-filled perineural channels
created by the cells ensheathing the olfactory receptor
neurons. It then travels through the cribriform plate
in the skull and reaches the CNS". In their study on
primates, Chang et al””! showed increased levels of
endogenous oxytocin in cerebrospinal fluid (CSF) after
synthetic oxytocin spray inhalation, supporting the
likelihood of central effects of synthetic oxytocin.

Unlike intranasal oxytocin, when intravenous syn-
thetic oxytocin is administered, the blood-brain barrier
inhibits it from reaching the brain and it therefore
does not function as the “hormone of love”*. Other
animal studies have reported that synthetic oxytocin
may reach the brain, but it may act differently from the
endogenous oxytocin and have different effects on the
body'®’”), They have shown that there is not always
a correlation between peripheral and cerebral levels
of oxytocin, suggesting that the two systems may be
controlled independently and that intravenous synthetic
oxytocin does not essentially raise oxytocin levels within
the brain. Research on male prairie voles has shown
inhibitory effects of synthetic oxytocin on pulsatile
secretion of endogenous oxytocin that may last year'’.,

CONCLUSION

There is a lack of up-to-date data on the mechanism of
action of endorphins and their role in regulating human
sexuality. Some animal studies report the effect of beta-
endorphin on GnRH, LH and testosterone, but these
findings have not been supported by human research.
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A thorough review of the literature has identified
inconclusive reports and many gaps in knowledge of the
association between endogenous oxytocin and sexuality.
Further to this, there is no strong evidence supporting
the positive effects of synthetic oxytocin on human
sexual function and relationships. Although research
in humans suggests a central role of these hormones
in sexuality, the most reliable findings to date involve
peripheral activation, mainly based on animal research.

The importance of physiological changes during
sexual activity and how they can affect human rela-
tionships, and the gaps in the literature on the topic,
highlight the need for high-quality research to extend
our understanding of the hormonal physiology of sexual
function and the role of endorphins and oxytocin in
human sexuality. To fill the gap, further future studies
are required to investigate the role of these hormones in
human sexuality and their mechanism of action in men
and women.

The inter-relationship between these two endogenous
hormones and human sexuality is still unclear and no
previous research has explored this association. Further
future research is required to apply a methodological
triangulation of qualitative and quantitative methods
for analysing determinants of various aspects of human
sexuality considering the role of endorphins and endo-
genous oxytocin. While the qualitative analysis may focus
on behavioural sex differences, the quantitative analysis
concentrates on how the two endogenous hormones
influence human sexuality and sexual behaviours.
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