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Abstract

Iodine is required for the production of thyroid hormones. Normal thyroid function during

pregnancy is important for both the mother and developing fetus. This review discusses the

changes in thyroid physiology that occur during pregnancy, the significance of thyroid function

tests and thyroid antibody titers assessed during pregnancy, and the potential obstetric

complications associated with maternal hypothyroidism.
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Changes in thyroid physiology during pregnancy

Iodine is an essential component of the thyroid hormones, triiodothyronine (T3) and

thyroxine (T4), produced by the thyroid gland. The fetal thyroid does not begin to

concentrate iodine until 10–12 weeks of gestation, and the synthesis and secretion of thyroid

hormone controlled by fetal pituitary thyroid stimulating hormone (TSH) ensues at

approximately 20 weeks of gestation [1]. As such, particularly during early pregnancy, the

fetus is reliant on maternal thyroxine, which cross the placenta in small quantities to

maintain normal fetal thyroid function. At birth, approximately 30% of the T4 in cord blood

originates from the infant’s mother [2].

T3 is the active thyroid hormone, and approximately 80% of T3 is produced from the

deiodination of T4 in the liver, muscle, and other tissues. The binding of T3 to thyroid

hormone receptors in various peripheral target tissues are important for the regulation of the

body’s metabolism. Approximately 99.97% of T4 and 99.7% of T3 is protein-bound,

primarily to thyroid hormone binding globulin (TBG), and in lesser amounts, to albumin and

transthyretin (the latter for T4 only). Beginning in early pregnancy, rising maternal estradiol

levels result in increased sialyation and glycosylation of TBG in the liver [3,4]. This

decreases the peripheral metabolism of TBG to result in an approximate 1.5–2 fold sustained

rise in serum TBG levels compared to euthyroid non-pregnant women [5,6], thereby
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creating an increased need for T3 and T4 production throughout pregnancy. Other reasons

for the increased maternal thyroid hormone demands during pregnancy include the increased

degradation of T4 and T3 by the type 3 inner ring deiodinase abundantly expressed in the

placenta, chorion, and amnion to generate inactive iodothyronine (reverse T3) [7]; the higher

volume of T4 distribution due to an increased plasma volume during pregnancy; the minimal

transfer of T4 from the mother to the fetus via the placenta; and the effect of serum human

chorionic gonadotropin (hCG) during pregnancy.

Serum hCG is a glycoprotein produced primarily by the placenta and peaks at the end of the

first trimester of pregnancy. It binds to the TSH receptor on the thyroid cell membrane and

is a weak stimulator, resulting in increased secretion of T4 and T3 and partial suppression of

serum TSH. Due to the effects of hCG, the lower range of serum TSH is decreased in

pregnancy [8]. The higher serum hCG concentrations seen in multiple gestation pregnancies

is associated with an even greater degree of TSH suppression; maternal serum TSH

concentrations are lower in twin pregnancies, compared to a singleton pregnancy, and even

lower in triplet or quadruplet pregnancies [9]. One report has suggested that women with

lower TSH concentrations in early pregnancy are more susceptible to TSH suppression by

any hCG level [10]. In a study of 63 pregnant women with serum hCG levels >400,000

IU/L, TSH was suppressed in the entire cohort, with the majority lacking symptoms of

hyperthyroidism [11].

Although the lower limit for serum TSH in pregnant women should be lower than in the

non-pregnant population, there are limited data reporting the specific parameters of the TSH

reference range during pregnancy. Recent studies have suggested that the 95% confidence

interval for first trimester TSH values in women without thyroid disease is 0.03–2.5 mIU/L

[12-15], although the findings in some of these and other studies may have been influenced

by mild population iodine deficiency and/or maternal thyroid antibody positivity, both

factors which may influence thyroid function. Until further data is available, expert opinion

has advocated the following trimester-specific recommendations for TSH reference ranges

during pregnancy: 0.1–2.5 mIU/L (first trimester), 0.2–0.3 mIU/L (second trimester), and

0.3–3.0 mIU/L (third trimester) [16,17].

Measurement of serum free T4 concentrations can be combined with assessment of TSH to

assess thyroid function. However, during the first trimester of pregnancy, free T4 levels

measured by analog immunoassays may be unreliable, as measurements using 2 different

assays were not reproducible in a recent study [18]. Similarly, there are no trimester-specific

pregnancy reference ranges for free T4 assays, and available commercial assays may

underestimate or overestimate free T4 concentrations in pregnant women [19]. Free T4

measurements obtained indirectly by the free T4 index and directly by equilibrium dialysis

and ultrafiltration, and if available, by solid phase extraction-liquid chromatography/tandem

mass spectrometry (LC/MS/MS), may provide more reliable estimates of thyroid function

during pregnancy [16]. During pregnancy, total T4 levels are appropriately elevated above

the non-pregnant reference range, due to the increased serum TBG levels throughout

gestation [18].
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Maternal hypothyroidism and obstetric complications

Maternal hypothyroidism occurs in an estimated 2.5% of all U.S. pregnant women [20]. In

an observational study of over 9000 U.S. women with singleton pregnancies, 2.2% of

women had a TSH ≥6 mIU/L and 0.4% of women had a TSH ≥10 mIU/L between 15 and 18

weeks of gestation [21]. Overt hypothyroidism is classified as an elevated serum TSH with

low serum FT4, while subclinical hypothyrodism is defined as an elevated serum TSH with

normal serum FT4. Isolated hypothyroxinemia is characterized by a normal serum TSH and

low serum FT4 levels.

The association between overt maternal hypothyroidism, particularly in early pregnancy,

and adverse obstetric outcomes is well-established. In a study of women during the second

trimester of pregnancy, the prevalence of fetal death was over 4-fold higher in mothers with

a TSH concentration ≥6 mIU/L, compared to those who mothers had a TSH <6 mIU/L

(3.8% vs. 0.9%) [21]. Among women with an increased TSH >10 mU/L, the prevalence of

fetal death rose to 8.1% [21]. Correction of hypothyroidism during pregnancy with

levothyroxine administration may improve these outcomes. One study reported that 60% of

overtly hypothyroid women and 71.4% of subclinically hypothyroid women who were

inadequately treated with levothyroxine had a miscarriage, while 100% of overtly

hypothyroid women and 90.5% of subclinically hypothyroid women who were adequately

treated with levothyroxine carried their pregnancies to term [22]. Maternal overt

hypothyroidism has also been associated with a higher risk of gestational hypertension

(ecclampsia, preeclampsia, and pregnancy-induced hypertension) [23], very preterm birth

[24], breech delivery [25], and low birth weight [23].

A relationship between subclinical maternal hypothyroidism and obstetric complications has

also been reported. In a retrospective study by Casey and colleagues of over 17,000 pregnant

women, women with subclinical hypothyroidism (present in 2.3% of the cohort) had 2–3

fold increased risks of pregnancy-related complications, including placental abruption,

preterm delivery, admissions to the neonatal intensive care unit, and infant respiratory

distress syndrome, compared to the euthyroid mothers [26]. Negro et al. reported a higher

proportion of pregnancy loss in women with a serum TSH between 2.5 and 5.0 mIU/L,

compared to women with a TSH <2.5 mIU/L, during the first trimester [27]. Another recent

study demonstrated that fetal death was associated with maternal serum TSH levels >97.5th

percentile and FT4 levels <2.5th percentile between 11 and 13 weeks of gestation [28].

Benhadi et al. reported a positive linear relationship between log-transformed TSH

concentrations, obtained at the first obstetrical visit (average 13 weeks) and miscarriage in

over 2500 Dutch women [29]. De Vivo et al. reported that among women who miscarried

before 12 weeks of gestation, fetal loss occurred earlier in those with subclinical

hypothyroidism than euthyroid women (6.5 vs. 8.2 weeks gestational age) [30]. A recent

meta-analysis demonstrated that maternal subclinical hypothyroidism was also associated

with increased odds of preeclampsia and perinatal mortality [31].

Others have found no associations between mild maternal hypothyroidism during pregnancy

and a variety of adverse obstetric outcomes, including premature birth, low APGAR scores,

and fetal death [32-34]. Wang et al. reported an association between subclinical
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hypothyroidism and increased risk of spontaneous abortions, but not with gestational

hypertension, premature delivery, anemia, postpartum hemorrhage, low APGAR scores, and

low birth weight [35]. In another study, risks of adverse pregnancy outcomes were not

increased in over 200 pregnant women with isolated hypothyroxinemia [36].

Maternal thyroid antibodies and obstetric complications

Serum thyroid antibody positivity is common among women of childbearing age and may be

associated with abnormal thyroid function. Serum anti-thyroglobulin antibodies and anti-

thyroid peroxidase (TPO) antibodies, found in 10–11% of the general U.S. population, are

more prevalent in women and in older age [37]. A recent study found that 6% of over 17,000

women before the 20th week of gestation had positive TPO antibodies [38]. In a cohort of

first-trimester pregnant women, those with positive TPO antibodies had higher serum TSH,

a lower FT4 index, and lower T4 levels compared to women with negative TPO antibodies

[12], findings consistent with those of other studies [15,39].

The first report of an increased miscarriage risk associated with anti-thyroid antibodies was

published in 1990 [40]. In that study, fetal loss occurred in 17% of TPO-positive pregnant

women, significantly higher than its prevalence in TPO-negative pregnant women (8.4%),

during the first trimester [40]. Since then, multiple observational studies have confirmed a

2–4 fold risk of miscarriage among euthyroid TPO antibody-positive women, compared to

euthyroid TPO antibody-negative women [38,41-43], including 2 meta-analyses [44,45].

Some [46,47], but not all [48-50], studies have also found associations between thyroid

autoimmunity and increased rates of recurrent miscarriage. A 2–3 fold increase in the rate of

miscarriage in women with TPO antibodies undergoing assistive reproductive technology

has been seen in several studies [51-56]. The presence of maternal thyroid antibodies has

also been associated with a 3-fold risk for premature delivery before 37 weeks gestation

[57], postpartum thyroiditis [58], thyroiditis after pregnancy loss [59], and placental

abruption [38].

The reasons for the associations between anti-thyroid antibodies and obstetric complications

remain unclear. They may be related to a direct effect of the anti-thyroid antibodies, or the

anti-thyroid antibodies may serve as a marker for other causative autoimmune syndromes.

Alternatively, anti-thyroid antibodies may simply indicate limited thyroid functional reserve

[5], suggesting that the association between TPO antibody positivity and obstetric

complications may be confounded by even mild hypothyroidism obtained during pregnancy.

There has been one randomized clinical trial demonstrating that the risk of miscarriage and

premature delivery in euthyroid TPO-positive pregnant women may be attenuated by the

administration of levothyroxine [57]. In this study, 57 euthyroid pregnant TPO antibody-

positive women were administered 0.5–1.0 μg/kg/day levothyroxine beginning in the first

trimester and maintained throughout pregnancy. There was a lower risk of premature birth

among the treated women (compared to the untreated 58 euthyroid TPO antibody-positive

women) and miscarriage (compared to the untreated 869 euthyroid TPO-negative women).

One of the major limitations to this study is the mildly increased serum TSH concentrations
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at baseline among the women with positive TPO antibodies. The findings are novel, but

have as yet not been replicated.

Thyroid function and antibody testing during pregnancy

The consideration of whether or not all pregnant women should be screened with thyroid

function tests and/or tests for anti-thyroid antibodies remains extremely controversial. We

recently reported a high rate of thyroid function screening during pregnancy at our

institution [60]. However, the aforementioned limitations and others surrounding thyroid

function screening during pregnancy have resulted in the development of varying expert

recommendations. The American Association of Clinical Endocrinologists has

recommended routine TSH screening before pregnancy or during the first trimester in all

pregnant women [61]. The American College of Obstetricians and Gynecologists (ACOG)

has recommended against serum TSH testing in asymptomatic pregnant women [62]. Recent

guidelines from the Endocrine Society and the American Thyroid Association recommend

aggressive case-finding, but not screening, among pregnant women [16,63]. However, case-

finding in pregnant women has limitations; it has been reported that screening pregnant

women with a family or personal history of thyroid disease or other autoimmune disease,

would fail to identify 30% of women with overt or subclinical hypothyroidism [64], in

contrast to a recent report suggesting no difference in adverse obstetric outcomes between

case-finding and universal screening of thyroid function during pregnancy [65].

Assessment of thyroid function during pregnancy remains a controversial issue. Further

research is needed to better elucidate the relationships between overt and subclinical

maternal hypothyroidism, maternal thyroid antibody positivity, and obstetric complications.

However, in the interim, given the potential obstetric and neonatal complications of

untreated thyroid disorders in pregnancy, we recommend determining the presence of

maternal thyroid dysfunction as early as possible in pregnancy.

Conclusions

Thyroid hormone production increases in pregnancy and requires increased iodine intake.

Serum TSH concentrations should be interpreted in the context of pregnancy physiology.

Thyroid function and thyroid antibody screening during pregnancy is controversial. Further

research is needed to determine whether mild maternal hypothyroidism or positive thyroid

antibodies are associated with obstetric complications.
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