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Importance: In the last 3 years, we have witnessed the publication of multiple but conflicting guidelines on
the management of hypothyroidism during pregnancy. Hypothyroidism is one of the most common
endocrinopathies in reproductive-age and pregnant women. Given the prevalence of thyroid disease, it is
highly likely that obstetricians will encounter and provide care for pregnant women with thyroid disease.
Therefore, a review of current guidelines and management options is clinically relevant.

Objectives: Our goals are to review the changes in thyroid function during pregnancy, the options for test-
ing for thyroid disease, the different categories of thyroid dysfunction and surveillance strategies among sub-
specialty societies, and the obstetric hazards associated with thyroid dysfunction and review the evidence for
benefit of treatment options for thyroid disease.

Evidence Acquisition: We reviewed key subspecialty guidelines, as well as current and ongoing studies
focused on the treatment of hypothyroidism during pregnancy.

Results: There are significant differences in the identification and management of thyroid disease during
pregnancy among subspecialists. We present our recommendations based on the available evidence.

Relevance: Evidence exists that obstetricians struggle with the diagnosis and treatment of hypothyroidism.
According to recent surveys, the management of hypothyroidism during pregnancy is the number 1 endocrine
topic of interest for obstetricians. A synopsis of recently published subspecialty guidelines is timely.

Conclusions: Recent, evidence-based findings indicate that obstetricians should consider modifying their
approach to the identification and treatment of thyroid disease during pregnancy.

Target Audience: Obstetricians and gynecologists, family physicians
Learning Objectives: After completing this CME activity, physicians should be better able to identify the

changes in thyroid function testing during pregnancy; choose the appropriate methods of testing thyroid
function during the first, second, and third trimesters; and compare treatment options of the various forms
of thyroid dysfunction and the evidence behind treatment recommendations.
Hypothyroidism is one of the most common endo-
crinopathies in reproductive-age women. According
to the National Health and Nutrition Examination Sur-
vey III, roughly 5% of women in the United States
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have unrecognized thyroid disease composed of either
overt hypothyroidism (high thyroid-stimulating hor-
mone [TSH] and low free thyroxine [FT4]) or subclin-
ical hypothyroidism (elevated TSH but normal FT4).1

Similar findings were reported in the Colorado Thy-
roid Disease prevalence study, which found that 4%
to 6% of reproductive-age women have an elevated TSH
level.2 Another 10% of euthyroid women have antibodies
directed against thyroid tissue (broadly termed thyroid
autoimmunity or autoimmune thyroid disease). Isolated
hypothyroxinemia (normal TSH but low FT4) occurs in
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uthorized reproduction of this article is prohibited.



347Hypothyroidism During Pregnancy • CME Review Article
a much smaller percentage of women (1%–2%).3,4 Dur-
ing pregnancy, the incidence of hypothyroidism ranges
from 0.4% to 11% worldwide, with a mean of 2.4%.
The majority of cases (roughly two thirds) represent
subclinical hypothyroidism.5

Given the prevalence of thyroid disease, most
obstetricians will encounter and provide care for preg-
nant women with thyroid disease. Nevertheless, evi-
dence exists that nonspecialist providers struggle with
management of thyroid disease6 and are unfamiliar
with subspecialty recommendations.7 Even care pro-
vided by experienced providers may be suboptimal,
and roughly 30% to 50% of hypothyroid women on
levothyroxine (L-T4) exhibit elevated TSH levels in
the first trimester and 33% in the second trimester.8,9

Over the last 2 decades, research findings on mater-
nal and/or fetal risks associated with thyroid disease
have proliferated. In 2012, the Endocrine Society
(ES) published a revised guideline on the manage-
ment of thyroid dysfunction during pregnancy in-
cluding a total of 27 new articles from the previous
2007 document.10 Similar, but separate, guidelines
were published by the American Thyroid Associa-
tion (ATA) in 2011,11 and a joint guideline was
published by the ATA and American Association of
Clinical Endocrinologists (AACE) in 2012.12 In the
preparation of the guidelines, the extensive and ex-
haustive analytical efforts by proven investigators in
the field are noteworthy. However, the submitted
recommendations are at times inconsistent and poten-
tially confusing. Despite these limitations, we believe
that subspecialty guidelines (ES, ATA, and ATA +
AACE) offer more comprehensive and contemporary
strategies for preconceptual, antepartum, and postpar-
tum care when compared with other specialty or-
ganizations, including the American Congress of
Obstetrics and Gynecology (ACOG) (Table 1).
In this review, we compare some of the key

differences between the ACOG guidelines and subspe-
cialty guidelines in the management of hypothyroid-
ism during pregnancy. The objective is to appraise
the evidence behind and rationale for many of the
key subspecialty recommendations, with the goal to
provide a foundation for improving the diagnosis and
management of hypothyroidism during pregnancy.
Physiologic Changes in Thyroid Function
During Pregnancy

During pregnancy, the thyroid gland undergoes
multiple functional adaptations. There is a 1.5–2 fold
rise in thyroid-binding globulin (TBG) mediated by
Copyright © 2014 Lippincott Williams & Wilkins. Una
estrogen-stimulated hepatic production, differential
glycosylation, and decreased renal clearance.13 Cir-
culating thyroid hormones are either bound to trans-
port proteins (primarily TBG, but also transthyretin,
T4-binding prealbumin, and albumin) or exist as free
hormones, where only the unbound or free fraction is
biologically active. Thyroid-binding globulin rises in
a linear fashion in the first trimester, then plateaus
and remains stable during the second and third
trimesters.13,14 In response to rising TBG, a compen-
satory rise in T4 production is necessary to maintain
physiologic levels of FT4. Total T4 (TT4) levels dur-
ing the first trimester are roughly 1.5-fold higher than
nonpregnant levels and remain elevated throughout
pregnancy. Most but not all studies indicate that
FT4 levels are only modestly increased and highest
during the first trimester, a finding that is temporally
related to rising placental production of human chori-
onic gonadotropin (hCG).15

Human chorionic gonadotropin and TSH are poly-
peptides composed of a common, identical a sub-
unit chain linked to a unique b subunit. Despite
differences in amino acid and oligosaccharide content,
the b subunits of both trophic hormones contain some
structural homology. Acting as a partial thyrotropic ag-
onist, placental hCG induces a small rise in T4 levels
by binding and activating the TSH receptor within thy-
rotropic cells. Free T4 levels then decrease slightly in
the second and third trimesters, but remain within the
reference range.15

In contrast to thyroid hormones, TSH levels de-
crease in the first trimester, with the lowest levels
corresponding to the peak hCG levels (10–12 weeks’
gestation). Thyroid-stimulating hormone is exqui-
sitely sensitive to free thyroid hormone levels, and
approximately 20% of pregnant women will have
TSH levels below the lower limits of the nonpregnant
reference range during the first trimester.16 Thyroid-
stimulating hormone levels usually remain detect-
able, even if they are below the assay reference
range, but a small minority of pregnant women has
undetectable TSH levels during early gestation with
no evidence of thyroid disease. The degree of TSH
suppression during early pregnancy is multifactorial.
Thyroid-stimulating hormone levels in the lower
quartiles are more suppressible than TSH levels in
the higher quartiles, and very high hCG levels, as
seen with multiple pregnancy or molar pregnancy,
suppress TSH levels more than singleton pregnan-
cies.17 Thyroid-stimulating hormone levels then rise
again during the second and third trimesters, but still
remain within the normal nonpregnant reference
range throughout gestation.
uthorized reproduction of this article is prohibited.
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At approximately 8 to 10 weeks of gestation, the fetal
thyroid gland acquires the capacity to synthesize thyroid
hormone, a functional pituitary-thyroid axis becomes
evident by 20 weeks’ gestation, and a fully mature axis
is not apparent until birth.14 A small but critical amount
of maternal T4 is transferred to the fetal-placental unit
during pregnancy, which represents the only source of
thyroid hormone for the fetus during early gestation.
Thyroid hormone receptors are present in the fetal brain
around 8 to 9 weeks’ gestation, an embryonic period
that reflects rapid neuronal proliferation and growth.18

The fetal brain is critically dependent on thyroid hor-
mone for normal development.19 Based on both animal
and human studies, it is postulated that neurocognitive
development may be compromised under conditions
of low maternal thyroid hormone levels (FT4 <10th
centile) during early gestation. Numerous observational
studies recently reviewed confirm a linkage between
impaired neurocognitive testing in children and mater-
nal hypothyroxinemia during pregnancy.20,21 The con-
cern over impaired fetal neurocognitive development
in the setting of maternal hypothyroxinemia is the pri-
mary basis for the endorsement by subspecialty orga-
nizations for aggressive treatment with L-T4 in women
at risk for hypothyroxinemia during pregnancy.
Trimester-Specific TSH Ranges

Thyroid-stimulating hormone is the single best
screening test for evaluation and management of pri-
mary hypothyroidism in women during pregnancy.12

Whether all women require screening for thyroid dis-
ease during pregnancy is controversial. Selective
screening of pregnant women is endorsed by profes-
sional societies including ACOG, ATA, AACE, and
ES (Table 1). In contrast, many experts advocate uni-
versal screening.22 The debate over screening strate-
gies was recently reviewed.23,24

Thyroid-stimulating hormone ranges during pregnancy
are quite different than the nonpregnant normative ranges
because of the effects of hCG and T4 during pregnancy.
As a result, nonpregnant normative ranges cannot be
used to direct therapy during pregnancy.10–12 Notably,
TSH levels rarely exceed 2.5 mIU/L during the first
TABLE 2
Trimester-Specific TSH Reference Ranges (mIU/mL)

Reference 1st Trimester

Marwaha et al95 0.06–5.00
Fereidoun et al96 0.2–3.9
Santiago et al97 0.23–4.18
Yan et al98 0.03–4.51

Copyright © 2014 Lippincott Williams & Wilkins. Una
trimester or 3.0 mIU/L during the second and third
trimesters. Furthermore, the lower limits of the TSH
reference range are significantly lower than nonpreg-
nant references ranges (0.1 vs 0.4 mIU/L). Using non-
pregnant reference ranges, hypothyroid women could
be misclassified during pregnancy as being euthyroid
(TSH >2.5 but <4.0 mIU/L), and euthyroid pregnant
women could be classified as being hyperthyroid
(TSH <0.4 but >0.1 mIU/L). Accordingly, multiple so-
cieties (ATA, ES, ATA + AACE) now endorse the use
of validated method- and trimester-specific TSH refer-
ence ranges in the diagnosis andmanagement of thyroid
disease in pregnant women. In contrast, ACOG does not
yet endorse the use of trimester-specific ranges.
The development of method- and trimester-specific

TSH reference ranges is challenging because they
vary with immunoassay platforms, geographic area
of study, iodine status, age, sex, ethnicity, body mass
index, hCG variants, and multiple pregnancy.25–27 A
normal euthyroid pregnant reference population would
require sensitive testing for unrecognized thyroid dis-
ease and still may not allow widespread application.
Early studies reported a relatively narrow TSH norma-
tive range in pregnant women. In an analysis compris-
ing 8 studies in women carefully screened for thyroid
disease, the 2.5th to 97.5th centile normative lower limit
of TSH in the first trimester was 0.03 to 0.12 mIU/L,
and the upper limit was 2.15 to 3.67 mIU/L, respec-
tively.28 More recent work indicates broader normative
ranges during pregnancy, which is puzzling (Table 2).
These differences could reflect the difficulties in
obtaining a disease-free population for TSH sampling,
or multiple other factors previously addressed. Fur-
thermore, even when the same immunoassay system
is used in carefully designed protocols by experienced
investigators, TSH median values can vary up to
20%.29 At present, trimester-specific TSH ranges in
carefully screened pregnant populations using com-
mon commercial laboratory assays are not available.
Despite the ACOG position, there are data that argue

for the adoption of trimester-specific TSH ranges in the
management of hypothyroidism during pregnancy. In
the absence of validated immunoassays for pregnancy,
the consensus for the identification and management of
2nd Trimester 3rd Trimester

0.44–5.78 0.74–5.7
0.5–4.1 0.6–4.1
1.78–3.89 2.01–4.3
0.05–4.50 0.47–4.54

uthorized reproduction of this article is prohibited.
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women with thyroid disease is an upper limit TSH value
of 2.5 mIU/L during the first trimester, 3.0 mIU/L in the
second trimester, and 3.0 to 3.5 mIU/L in the third
trimester.11,12
TT4 and FT4 Assays

In selected cases, diagnostic and therapeutic decisions
for hypothyroid women will require the results of both
TSH and FT4 assays. The most reliable method for
measuring FT4 is ultrafiltration or equilibrium dialysis
followed by immunoassay or liquid chromatography/
tandem mass spectrometry.15 Unfortunately, this meth-
odology is expensive and not routinely available. In
clinical practice, FT4 is measured using commercial
immunoassays. However, pregnancy-induced changes
in binding globulins, albumin, and nonesterified fatty
acids can alter the performance and accuracy of FT4
estimates using current commercial platforms. Further-
more, only 0.02% of T4 is not bound to binding
proteins. Therefore, the requirement to measure very
small amounts of free ligand in the setting of much
higher levels of TT4 adds additional complexity and
uncertainty. Evidence exists that the precision of FT4
estimates using commercial immunoassays during preg-
nancy is variable and therefore subject to diagnostic
errors, including both false-positive and false-negative
results.30,31

The American Congress of Obstetrics and Gynecol-
ogy does not specifically address the limitations of
FT4 assays during pregnancy. In contrast, the ES
advises that clinicians “cautiously interpret” the results
of FT4 levels obtained during pregnancy.10 As an al-
ternative to FT4 estimates, surrogate markers are now
endorsed. The 2 most common methods include mea-
suring TT4 levels or the FT4 index (product of TT4
and thyroid hormone–binding ratio).10,12 When using
TT4 levels, it is necessary to adjust for the predictable
rise in TT4 (150%) that accompanies the rise in TBG
during pregnancy. More simply, the TT4 level should
fall within the nonpregnant reference range when the
reference range is multiplied by a factor of 1.5.
While the rationale for TT4 measures is compelling,

there are potential pitfalls. Thyroid-binding globulin
levels rise linearly during the first trimester and may
not reach equilibrium until the second trimester.13

Therefore, the use of TT4 in early gestation may be
subject to diagnostic error, and the ES endorses the
use of TT4 beginning in the second trimester. Second,
the formula assumes that the TBG reference range is
narrow and nonheterogeneous across gestation, a con-
cept that has been recently challenged.32 While
method- and trimester-specific reference ranges using
Copyright © 2014 Lippincott Williams & Wilkins. Una
direct immunoassay for FT4 are endorsed, they are
not yet established. At present, providers should rely
on nonpregnant reference ranges for evaluation of
FT4 measures or modified reference ranges for TT4
in clinical decisions.

Overt Hypothyroidism

Untreated overt hypothyroidism during pregnancy is
unquestionably associated with an increased risk of ad-
verse fetal/maternal complications.5,33,34 In a recent
study that assessed a total of 223,512 singleton pregnan-
cies across 12 ethnically and racially diverse centers, a
total of 3183 cases of primary hypothyroidism were
identified according to discharge data. Primary hypo-
thyroidism was associated with an increased risk of
preeclampsia (odds ratio [OR], 1.47), superimposed
preeclampsia (OR, 2.25), gestational diabetes (OR,
1.57), cesarean delivery (OR, 1.31), preterm birth
(OR, 1.3), and neonatal intensive care unit admission
(OR, 2.08).35 Although confirming an increased risk
of obstetric complications, the study was unable to as-
sess whether inadequate treatment was the root cause
of the increased morbidity. Nevertheless, previous stud-
ies indicate that adverse outcomes are reduced in
women adequately treated for thyroid disease.36,37 The
American Congress of Obstetrics and Gynecology and
all specialty and subspecialty societies endorse L-T4
treatment of overt hypothyroidism during pregnancy.

Subclinical Hypothyroidism

Numerous studies report an increased risk of adverse
obstetric complications in women with subclinical hy-
pothyroidism including spontaneous miscarriage, pre-
term delivery, preeclampsia, abruption, and maternal
hypertension.38–40 In addition, the offspring ofmothers
with subnormal T4 levels during pregnancy may be at
increased risk for neurocognitive disorders, including
intellectual impairment, which may be attenuated with
treatment.41 The American Congress of Obstetrics and
Gynecology does not support treatment of subclinical
hypothyroidism during pregnancy, whereas the ES
and ATA + AACE endorse L-T4 treatment in women
with subclinical hypothyroidism both preconceptually
and when diagnosed during pregnancy. On the other
hand, the ATA recommends L-T4 treatment in pregnant
women who are both positive for thyroid peroxidase
antibodies (TPOAbs) and have subclinical hypothyroid-
ism of any degree, or in antibody-negative women with
a TSH of more than 10 mU/L (note that the ATA
guidelines consider a pregnant woman with a TSH of
more than 10 mU/L to have overt hypothyroidism)
(Table 1).
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The lack of a clear consensus for treatment of sub-
clinical hypothyroidism reflects the inconsistent ob-
stetric hazards reported from study to study. Some
observational trials indicate minimal or no increase in
obstetric risk,4,42 whereas others report an increased
risk.39,43 The inclusion of women with a mixture of di-
agnoses, including undertreated overt hypothyroidism
and subclinical hypothyroidism, adds additional uncer-
tainty to the risk analysis.5 Only 1 interventional trial
has evaluated obstetric outcomes in women screened
for hypothyroidism.39 Pregnant womenwere randomly
assigned to either a universal screening or case-finding
group to detect thyroid dysfunction in early gestation
(hypothyroid = TSH >2.5 mIU/L + TPOAbs or hyper-
thyroid = undetectable TSH and elevated FT4).
Women in either the high-risk case-finding group or
the universal screening groupwere treatedwith levothy-
roxine to maintain TSH levels within trimester-specific
ranges. In the case-finding low-risk group, thyroid func-
tion tests were assayed only in the postpartum period,
and women in this group were not treated. Universal
screening did not decrease the rate of maternal/fetal ad-
verse outcomes compared with the case-finding group.
However, in a post hoc analysis, low-risk women in
the universal screening group who were identified and
treated for thyroid dysfunction had a lower composite
risk of adverse outcomes compared with untreated
low-risk women in the case-finding group. Although
this study is cited as an investigation of the “treatment
of subclinical hypothyroidism and screening,”10 only a
single first-trimester assay for thyroid function was
performed. In addition, the use of a composite index
for obstetric outcome data, where individual outcome
variables may be codependent, is a recognized limita-
tion in the data analysis.
While some retrospective and prospective studies

suggest that treating women who have subclinical hy-
pothyroidism with L-T4 improves obstetric outcomes,
there is no evidence of improved infant neurocognitive
outcomes. In a recent controlled interventional trial,
L-T4 treatment was not shown to modify neuro-
cognitive risk.44 The Controlled Antenatal Thyroid
Screening Study screened 22,000 women for thyroid
disease within the 16th week of gestation. Women
with FT4 levels lower than the 2.5th centile and/or
TSH levels above the 97.5th centile were random-
ized to a treatment arm (L-T4) or a control arm. Neu-
ropsychological testing (Wechsler Preschool and
Primary Scale of Intelligence - Third Edition) at
3 years of age showed no significant difference in
IQ scores in the intention-to-treat analysis. In a sec-
ondary analysis, the percentage of offspring with a
mean IQ of less than 85 was significantly higher in
Copyright © 2014 Lippincott Williams & Wilkins. Una
the control group (15%) versus the treated group
(9%). A recognized limitation of the study design is
that L-T4 was often not administered until 12 weeks’
gestation or later (mean, 12.5 weeks), whereas the
critical period for maternal thyroid hormone effects
on fetal brain development may occur before 12 weeks’
gestation. Whether earlier intervention would have
altered outcomes is unknown.
Based on the limited data, it is not surprising that

treatment guidelines for subclinical hypothyroidism
are diverse and contentious. In many respects, it is
sensible and fundamentally sound to treat subclinical
hypothyroidism during pregnancy. There is good ev-
idence that TSH normative reference ranges are dif-
ferent between pregnant and nonpregnant women.
Therefore, TSH values that fall outside trimester-
specific ranges are likely abnormal and indicative
of thyroid dysfunction. Second, evidence exists that
women with thyroid dysfunction during pregnancy
are at an increased risk for maternal/fetal morbidity.
Finally, the risk of replacement doses of L-T4 during
pregnancy is marginal, and therefore the “potential
benefits outweigh the potential risks.”10 We are sup-
portive of treatment of subclinical hypothyroidism
based on these findings. Women with subclinical hy-
pothyroidism can be treated with L-T4 to achieve a
preconceptual TSH of 2.5 mIU/L and maintain TSH
levels within trimester-specific ranges during preg-
nancy. L-Thyroxine therapy can be stopped after
pregnancy, and thyroid function reassessed. In a re-
cent longitudinal study with a mean follow-up of
nearly 5 years, 75% of women with the diagnosis of
subclinical hypothyroidism during pregnancy had
normal TSH levels after pregnancy.45

There is also a persuasive argument against treat-
ment. According to the US Preventative Services
Task Force, screening and treatment of asymptomatic
individuals require evidence of measurable success
(Agency for Healthcare Research and Quality). There-
fore, the recommendation to universally endorse treat-
ment of subclinical hypothyroidism may be premature
and should await the results of randomized prospective
clinical trials that prove benefit. The “Randomized
Trial of Thyroxine Therapy for Subclinical Hypothy-
roidism or Hypothyroxinemia Diagnosed During Preg-
nancy” sponsored by the National Institutes of Health
and the Maternal Fetal Medicine Units Network will
help clarify the role of L-T4 treatment for subclinical
hypothyroidism and isolated hypothyroxinemia. In
this study, roughly 120,000 pregnant women have
been screened for thyroid disease. The intervention
arm consists of L-T4 treatment to normalize TSH or
FT4 values and a nontreated control arm. The off spring
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will undergo neurocognitive screening at 5 years of
age (Wechsler Preschool and Primary Scale of Intelli-
gence - Third Edition), and the study is projected to be
completed in 2015.

Isolated Hypothyroxinemia

Isolated hypothyroxinemia is characterized by low
T4 levels (generally below the 2.5th centile of the
T4 reference range) but normal TSH levels. The path-
ogenesis of this disorder is unclear, but the prevalence
is higher (20%–30%) in regions of iodine deficiency
and lower (1%–1.5%) in iodine-sufficient regions.46

The clinical impact of isolated hypothyroxinemia on
fetal/maternal health is unclear, with some but not all
studies reporting fetal and maternal complications.
The major risk of maternal isolated hypothyroxinemia
is the potential for impaired neurodevelopment in off-
spring.47–49

The investigation of the risks of isolated hypo-
thyroxinemia during pregnancy is complicated. In
1 study, only 14% of women who initially had low
FT4 during early pregnancy remained hypothyroxinemic
during pregnancy.47 In a recent study done in the Greater
Boston area, which is iodine sufficient, the authors failed
to find a relationship between fetal intellectual develop-
ment and maternal serum T4 levels.50 Furthermore,
in 2 large observational studies including more than
28,000 women, isolated hypothyroxinemia was not asso-
ciated with adverse pregnancy outcomes.3,4 The ES
supports partial replacement therapy of isolated hypo-
thyroxinemia at the discretion of the caregiver. In contrast,
given the inconsistent results and lack of randomized trials
that prove a benefit with treatment, ACOG, ATA, and
ATA + AACE do not specifically endorse screening or
treatment of isolated hypothyroxinemia.

Thyroid Antibodies

Autoimmune disease is the most common cause of
thyroid failure and is characterized by elevated titers
of thyroid antibodies (antithyroglobulin antibodies
[TGAbs], antimicrosomal/TPOAbs, and anti-TSH
receptor antibodies). The presence of thyroid antibodies
confers an increased lifetime risk of developing hypo-
thyroidism (4.3%/year vs 2%/year without TPOAbs).51

Particularly relevant to obstetric providers, both thyroid
dysfunction during pregnancy and postpartum thyroid-
itis are increased in women with thyroid antibodies.52,53

In 2 prospective studies, roughly 20% of women with
TPOAbs or TGAbs monitored during pregnancy had
TSH levels that exceeded trimester-specific thresholds,
and 33% to 50% developed postpartum thyroiditis.54,55

The presence of thyroid antibodies in otherwise eu-
thyroid women is linked to an increased risk of
Copyright © 2014 Lippincott Williams & Wilkins. Una
miscarriage. The association was first reported in
1990 and subsequently confirmed in multiple observa-
tional studies.56 An initial meta-analysis of 18 studies
indicated a 3-fold increased risk of miscarriage.57

A more recent meta-analysis of 31 studies reported a
4-fold increased risk of miscarriage in cohort studies
(n = 19; OR, 3.90; confidence interval [CI], 2.48–6.12;
P < 0.001) and a more modest risk for case-control
studies (n = 12; OR, 1.80; CI, 1.25–2.60; P = 0.002).58

The association of thyroid antibodies in women with re-
current pregnancy loss is less clear, with some studies
showing an increased risk and others not.59–62

Only 1 interventional trial demonstrated a decreased
risk of sporadic miscarriage in thyroid peroxidase
(TPO)–positive women who spontaneously conceived
and were treated with L-T4.55 In a prospective random-
ized trial, euthyroid TPOAbs-positive women were ei-
ther treated with a graded L-T4 dose (0.5–20 g/kg per
day) or received no treatment during pregnancy.
Treated women had a lower first-trimester miscarriage
rate (3.5%) compared with untreated TPOAbs-positive
women (13.8%). However, several methodological
concerns about this trial have been raised. First, the
study was not blinded or placebo controlled, and the
control group had higher TSH and lower T4 levels
(but still within the reference range). The average ges-
tational age of miscarriage was 8.5 weeks’ gestation,
but the average date of institution of treatment was
10.5 weeks. All but one of the losses occurred before
11 weeks’ gestation, and only 40% of women were
on treatment by 8 weeks’ gestation. Finally, the study
was conducted in Italy, where iodine deficiency is
prevalent, and iodine status was not determined.
Althoughmultiple obstetric complications are linked

to the presence of thyroid antibodies, the most consis-
tent observation is an association with preterm deliv-
ery. While a number of investigators have reported
an increased risk,54,63–66 larger observational studies
comparing preterm delivery rates (<37 weeks) in
antibody-positive versus antibody-negative women in-
cluding Männistö et al (5.9 vs 4.3%),4,42 Haddow
et al67 (7.5 vs 6.4%) and Abbassi-Ghanavati et al68

(6.6 vs 5.7%) failed to support these findings. A large
meta-analysis including 11 prospective cohort studies
and more than 35,000 women reported a modest in-
creased risk in women with positive TPOAbs (risk ra-
tio, 1.69; CI, 1.19–2.41; P = 0.003), but not in women
with positive TGAbs.When the analysis was restricted
to studies that carefully excluded women with thyroid
dysfunction, the association was more robust (risk ra-
tio, 1.98; CI, 1.29–3.04; P = 0.002).69

Initial retrospective and uncontrolled studies sug-
gest that L-T4 treatment may reduce the risk of
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obstetric complications in women with thyroid anti-
bodies. However, there is only 1 interventional trial
that has evaluated L-T4 treatment on obstetric out-
comes. In this trial, preterm births were lower in the
L-T4–treated group compared with untreated women
(7 vs 22.4%).55 In a recent observation study of 5791
pregnant women (Generation R study), there was a
1.7-fold increased risk of preterm (<37 weeks) and
a 2.5-fold increase risk of very preterm delivery
(<34 weeks) in women with positive TPOAbs.70

When the analyses were adjusted for serum TSH and
FT4 levels, the risk of prematurity persisted, sug-
gesting that the risk of preterm delivery is related to
the effects of autoimmune disease and not thyroid dys-
function. Interestingly, there was an increased risk for
prematurity in women with hypothyroxinemia but not
in women with subclinical hypothyroidism who were
TPOAbs-negative, suggesting that subclinical hypo-
thyroidism is not a risk factor for preterm delivery.
Based on limited published data, routine screening
for thyroid antibodies and treatment of euthyroid but
antibody-positive women during pregnancy is not
recommended at this time.
The ACOG guidelines do not address surveillance

strategies for women with positive TPOAbs during
pregnancy. According to the ES and ATA, TPOAbs-
positive women should be monitored every 4 to 6
weeks for elevation of TSH above the reference range
for pregnancy and at least once between 26 and 32
weeks of pregnancy.10,11 The surveillance of euthy-
roid but antibody-positive women advocated by the
subspecialty organizations is reasonable. Euthyroid
women with positive antibodies can develop overt
or subclinical hypothyroidism during pregnancy, al-
though the exact prevalence of this complication is un-
known. It is hoped that future studies will better define
the role of treatment; such studies include the TAB-
LET (Thyroid AntiBodies and LEvoThyroxine) trial,
a multicenter, placebo-controlled, double-blind trial
designed to determine the efficacy of L-T4 treatment
on miscarriage and preterm delivery rates in euthyroid
women.
Women on Levothyroxine

Most women with hypothyroidism are diagnosed
and treated with L-T4 prior to pregnancy. It is impor-
tant to recognize that adequate preconceptual re-
placement therapy may be inadequate to maintain
physiologic levels of thyroid hormones during preg-
nancy, depending on the degree of glandular damage
and functional capacity. In fact, the majority of
women (50%–85%) with thyroid disease require a
Copyright © 2014 Lippincott Williams & Wilkins. Una
dose adjustment during pregnancy to keep TSH
levels within the desirable range.71

The American Congress of Obstetrics and Gyne-
cology endorses appropriate L-T4 treatment during
pregnancy to maintain euthyroidism, but the methods
of monitoring and treatment goals are not clearly
specified. In contrast, other subspecialty guidelines
(ES, ATA, and ATA + AACE) endorse a preconcep-
tion TSH level of less than 2.5 mIU/mL in women on
L-T4 with the goal to minimize the potential adverse
effects of low T4 levels on fetal/maternal health
(Table 1). During pregnancy, the treatment goal is
to maintain TSH levels within trimester-specific nor-
mative ranges. In early pregnancy, there are 2 options
to achieve this goal. A TSH level can be measured at
the onset of pregnancy and the dose of T4 adjusted
accordingly. Alternatively, the preconceptual dose
of T4 can be increased by 30% (2 extra tablets per
week) as soon as pregnancy is diagnosed.11 An em-
piric dose adjustment is a reasonable approach for
the obstetrician who is unable to evaluate patients
in very early gestation, or when subspecialty consul-
tation is not readily available. A recent prospective
data trial is supportive of this strategy.72 In the recent
Therapy Trial, 23 women on L-T4 were randomized
to receive either 2 or 3 extra tablets per week begin-
ning in early gestation (mean, 6.3 weeks). In the
group that had 2 extra tablets per week, 85% were eu-
thyroid in the first trimester, and only 25% of women
required a dose adjustment during later gestations.
Two women (8%) had a low TSH (<0.1 mIU/mL),
but only 1 had an elevated FT4 index. In this study,
thyroid function testing was performed every 2 weeks;
however, 92% of abnormal tests were evident by test-
ing every 4 weeks.
Dose adjustments of L-T4 are related to the sever-

ity of thyroid disease. Replacement doses in women
with a compromised but partially functional thyroid
gland (eg, autoimmune thyroid disease) are less com-
pared to athyroidic women.73 Furthermore, dose
adjustments are related to preconception TSH levels.
In 1 study, only 17% of women with a preconception
TSH of less than 1.2 mIU/mL required a dose adjust-
ment in the first trimester.74 While the optimal TSH
target range and dosage schedule are unknown,
women on T4 should have thyroid function tests every
4 weeks during the first half of pregnancy and at least
once between 26 and 32 weeks’ gestation.10,12 The
postpartum dose of L-T4 should be reduced to pre-
pregnancy levels following delivery. The ATA re-
commends thyroid function testing 6 weeks after
delivery, and the ES recommends testing at 6 months
or earlier if clinically indicated.
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Postpartum thyroid dysfunction can occur within
the first 12 months after delivery,53 with the majority
of cases due to postpartum thyroiditis.50 The clinical
presentation is generally transient hyperthyroidism
followed by transient hypothyroidism.51 Risk factors
for postpartum thyroiditis include positive TPOAbs,
type 1 diabetes, chronic viral hepatitis, systemic lu-
pus erythematosus, and previous Graves disease.11

Longitudinal studies indicate a high risk of hypothy-
roidism (nearly 40% at 12 years of follow-up) in
women with postpartum thyroid dysfunction, and
the risk is increased in women with positive TPOAbs
and TSH values of more than 2.6 mIU/mL at time of
diagnosis.75 The ATA recommends TSH testing ev-
ery 2 months until 1 year postpartum in women with
postpartum thyroiditis. The ES recommends TSH
screening 6 months postpartum in TPO-positive
women. In women with type 1 diabetes, Graves dis-
ease in remission, or viral hepatitis, screening at 3
and 6 months is recommended. Annual TSH testing
is also advised in women with a history of postpar-
tum thyroiditis.

Euthyroid Women With TSH Between
2.5 and 4.5 mIU/L

Whether the upper limit of normal for the TSH refer-
ence range should be changed is a question of intense
debate.76 According to the National Academy of Clin-
ical Biochemists, 95% of TSH levels fall below
2.5 mIU/L in a population without thyroid disease.77

In addition, mean and median values are approxi-
mately 1.5 mIU/L, suggesting that the reference range
is skewed to the right, possibly due to the inclusion of
individuals with undiagnosed thyroid disease. The de-
bate is further complicated as the upper limit of the
TSH reference range increases with aging26 and is also
influenced by race/ethnicity and sex.25 Arguments
against lowering the upper limit of the TSH reference
range include a reanalysis of the National Health
and Nutrition Examination Survey III data where the
TSH reference range was calculated in a disease-free pop-
ulation that also excluded individuals with thyroid
antibodies. In this study, the upper limit of the TSH refer-
ence range dropped only marginally (4.5–4.1 mIU/L).1

Similarly, in the Hanford Thyroid Disease Study, the
upper limit of the reference range was 4.1 mIU/L in
an iodine-sufficient cohort without evidence of thyroid
disease, thyroid autoantibodies, or abnormal thyroid
imaging studies.78

An important clinical question is whether women
contemplating pregnancy with a TSH in this range
are at increased risk of maternal and fetal morbidity.
The American Congress of Obstetrics and Gynecology
Copyright © 2014 Lippincott Williams & Wilkins. Una
does not cite a position, but 2 subspecialty orga-
nizations now support empiric preconceptual L-T4
treatment in women with a baseline TSH between 2.5
and 4.5 mIU/L. Notably, in a recent joint document
published by the AACE and the ATA, the task force
concluded that treatment with L-T4 should be consid-
ered in women of child-bearing age with serum TSH
levels between 2.5 mIU/L and the upper limit of nor-
mal for a given laboratory’s reference range if they
are “in the first trimester of pregnancy or planning a
pregnancy.” The ES also supports “prenatal” treatment
with low-dose T4 when the TSH level is more than
2.5 mIU/L on repeated values. A frequently cited study
reported that miscarriage risk was significantly in-
creased in euthyroid and TPO-negative women with
a TSH between 2.5 and 5 mIU/L compared with a sim-
ilar group with a TSH of less than 2.5 mIU/L (6.1% vs
3.6%). The risk of preterm delivery was not in-
creased.79 The findings of this study are provocative
but limited in that TSH values were not obtained in
the preconception period, but were drawn during early
pregnancy (within the first 11 weeks of gestation).
Whether a single TSH value of more than 2.5

and less than 4.5 mIU/L is precise enough to en-
dorse a change in clinical management is debatable.
Thyroid-stimulating hormone production is pulsatile
and has a diurnal rhythm with peak levels in the early
morning or late evening.80,81 Thyroid-stimulating
hormone values can vary by up to 40% in serial
samples performed during a single day, and up to
50% of abnormal TSH levels are normal after repeat
testing.82,83 Strenuous exercise, sleep deprivation,
and endocrine disorders can all alter TSH levels. In a
recent study, 50% of women with an abnormal precon-
ception TSH (>3.0) had a normal value (<2.5) during
early pregnancy, a finding that raises the possibility
of either overtreating or undertreating.84 Furthermore,
population studies indicate that sex, ethnicity, and
age all impact TSH normative ranges,25 and the posi-
tive predictive value in the diagnosis of hypothyroid-
ism is low when TSH values between 2.5 and
5.0 mIU/L are used.76

In the absence of interventional outcome data to sup-
port a treatment benefit, the decision for preconceptual
treatment with L-T4 for TSH values between 2.5 and
4.5 mIU/L is at the discretion of the provider. We sup-
port treatment because L-T4 for this indication carries
minimal risk and has the potential to decrease the
risk of maternal/fetal complications associated with
hypothyroidism, which can develop in this population
during pregnancy. At a minimum,monitoring of thyroid
function in untreated women during gestation should
be considered. If TSH levels exceed trimester-specific
uthorized reproduction of this article is prohibited.
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ranges, then treatment with L-T4 is appropriate. In
women treated with L-T4, the monitoring of thyroid
function tests with dose adjustments is analogous
to the recommendations for women on L-T4 for
hypothyroidism.

Iodine

Iodine is a critical trace element required for thyroid
hormone synthesis. During pregnancy, the demand for
iodine increases with increasing thyroid hormone pro-
duction, renal clearance of iodine, and fetal requirements.
Iodine deficiency is the most common cause of maternal
hypothyroidismworldwide, and severe iodine deficiency
is associated with significant fetal/maternal risks includ-
ing fetal neurocognitive deficits (cretinism) and obstetric
morbidity.85,86 Intervention trials in areas of severe io-
dine deficiency indicate that the incidence of cretinism
is reduced with iodine treatment initiated before or dur-
ing early pregnancy.87 Furthermore, iodine supplementa-
tion is effective in reducing obstetric risks.88,89 The
benefits of iodine treatment for mild or moderate iodine
deficiency are less clear, but neurocognitive outcomes
may be improved with iodine supplementation when ad-
ministered to women in iodine-deficient areas.90

While most Americans consume adequate levels
of iodine (diet and iodized salt), roughly 15% of
reproductive-age women and 17% of pregnant women
in the United States have low urinary iodine levels
(<50 g/L).91 Moreover, only 20% of pregnant, lactat-
ing, or nonpregnant women take iodine supplements.
The avoidance of iodized salts, decreasing amounts of
iodine in the US food supply, and other dietary habits
contribute to low iodine intake. The recommended pre-
pregnancy daily intake of iodine is 150 to 200 mg/day,
and during pregnancy and lactation 250 to 300 mg/day.
Unfortunately, there are no simple clinical tests to deter-
mine the adequacy of iodine intake; so many clinical
specialists endorse iodine supplements, which contain
at least 150 mg of potassium iodide or iodate taken daily.
Prenatal vitamins can be a source of iodine, but in
1 study only 51% of prenatal vitamins contained io-
dide, and the dose was inconsistent from product to
product.92,93 Thus, it is prudent to confirm that pre-
scribed supplements contain the appropriate amount
of iodine. Excessive iodine may exacerbate autoim-
mune thyroid disease, and the fetal thyroid is also sen-
sitive to excessive iodine ingestion. However, total
doses of iodide less than 500 to 1100 mg are considered
safe during pregnancy.94

Summary

We have presented the major differences in the
management of hypothyroidism during pregnancy
Copyright © 2014 Lippincott Williams & Wilkins. Una
between ACOG and other subspecialty organizations
whose primary focus is the care for women with thy-
roid disease. Although treatment strategies differ in
many key areas, there is universal agreement that
women with hypothyroidism require appropriate treat-
ment to reducematernal and fetal morbidity. In women
on L-T4 therapy, the use of trimester-specific TSH
thresholds to monitor and adjust L-T4 treatment is
preferable when compared with nonpregnant TSH ref-
erence ranges. In the absence of laboratory-specific
TSH ranges, trimester-specific TSH cutoff values
established by the ES and ATA can be used.
Observational studies support L-T4 treatment in

women with subclinical hypothyroidism with a precon-
ception TSH of less than 2.5 mIU/L as a treatment goal.
The risks of L-T4 therapy in this group are minimal,
but the actual benefit in terms of maternal and fetal
risk reduction awaits the completion of interventional
trials. The benefit of preconceptual treatment of euthy-
roid women with a TSH of more than 2.5 but less than
4.5 mIU/L or euthyroid women with thyroid antibodies
is less clear, and the use of L-T4 treatment is at
the discretion of the provider. At a minimum, TSH
values should be monitored during pregnancy in
these categories because of an increased risk for de-
veloping hypothyroidism during pregnancy. Finally,
obstetric providers should encourage iodine supple-
mentation during pregnancy by recommending or
prescribing prenatal vitamin products with adequate
source of iodine.
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