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Context: A lower free T4 (fT4), within the euthyroid range, has been shown in adults to associate
with an adverse metabolic phenotype. Thyroid physiology changes significantly during gestation
and affects maternal and fetal well-being.

Objective: The aim of the study was to test the hypothesis that a lower serum fT4 in healthy
euthyroid pregnant women is related to a less favorable metabolic phenotype and to fetal or
placental weight.

Design, Setting, Patients, and Outcome Measures: We examined associations of thyroid function
tests (TSH and fT4) and the free T3 (fT3)-to-fT4 ratio (as a proxy of deiodinase activity) with a
metabolic profile [preload and postload glucose, glycosylated hemoglobin (HbA1c), high molec-
ular-weight (HMW)-adiponectin, homeostasis model of assessment for insulin resistance (HOMA-
IR), and serum lipids] in 321 healthy pregnant women. All women were euthyroid and had negative
anti-thyroid peroxidase antibodies. None received thyroid hormone replacement. Blood tests were
performedinwomenbetween24and28wkgestation.Placentasandnewbornswereweighedatbirth.

Results: Circulating TSH did not relate to metabolic parameters, but decreasing fT4 and increasing
fT3-to-fT4 ratio associated with a less favorable metabolic phenotype, as judged by higher postload
glucose, HbA1c, fasting insulin, HOMA-IR, and triglycerides, and by a lower HMW-adiponectinemia
(all P � 0.005). In multiple regression analyses, fT4 was independently associated with HbA1c (� �

�0.135; P � 0.038), HMW-adiponectin (� � 0.218; P � 0.001), and placental weight (� � �0.185;
P � 0.005), whereas the fT3-to-fT4 ratio was independently associated with maternal body mass
index (� � 0.265; P � 0.001), HMW-adiponectinemia (� � �0.237; P � 0.002), HOMA-IR (� � 0.194;
P � 0.014), and placental weight (� � 0.174; P � 0.020).

Conclusion: In pregnant women without a history of thyroid dysfunction, lower concentrations of
fT4 and a higher conversion of fT4 to fT3, as inferred by changes in the fT3-to-fT4 ratio, were found
to be associated with a less favorable metabolic phenotype and with more placental growth. (J Clin
Endocrinol Metab 96: 3717–3723, 2011)

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in U.S.A.
Copyright © 2011 by The Endocrine Society
doi: 10.1210/jc.2011-1784 Received June 17, 2011. Accepted August 26, 2011.
First Published Online September 15, 2011

Abbreviations: BMI, Body mass index; CV, coefficient of variation; fT3, free T3; fT4, free T4;
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; HMW, high molecular
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Thyroid hormones play pivotal roles in metabolic pro-
cesses. Most effects are related to their pleiotropic

effects on energy homeostasis, which include the stimula-
tion of resting metabolic rate, increase in ATP expendi-
ture, and modulation of responsiveness to catecholamines
(1). Modulation by thyroid hormone of AMP-activated
protein kinase—a conserved regulator of the cellular re-
sponse to low energy (2)—and of lipid metabolism in the
hypothalamus are thought to be major regulatory path-
ways of whole-body energy homeostasis, including ther-
mogenesis in adipose tissue (3).

Studies in the last decade have shown that even phys-
iological variations in thyroid function are related to
markers of metabolic dysfunction (4–9). Whereas these as-
sociations are well recognized in euthyroid adults, evidence
regarding such a relationship in pregnant women is lacking.

In a homeostatic way to ensure maternal and fetal well-
being, TSH decreases transiently during the first trimester
of pregnancy and increases thereafter (without attaining
pregravid levels), with similar but inverse changes in se-
rum free T4 (fT4) and free T3 (fT3) (10, 11). The placenta
regulates the amount of thyroid hormones available for
the fetus, allowing transfer of both T4 and T3 from the
maternal into the fetal circulation, and also by actively
converting T4 into T3 and inactivating both thyroid hor-
mones by tissue deiodinases (12).

We hypothesized that a lower serum fT4 and/or a
higher TSH is related in euthyroid pregnant women to a
less favorable metabolic phenotype. In the present study,
we examined associations of thyroid function tests [TSH
and fT4] and the fT3-to-fT4 ratio (as a proxy of deiodinase
activity (13, 14) with a metabolic profile, including pre-
load and postload glucose, glycosylated hemoglobin
(HbA1c), high molecular-weight (HMW)-adiponectin,
homeostasis model of assessment for insulin resistance
(HOMA-IR), and serum lipids, in healthy pregnant
women. As an additional aim, we studied whether thyroid

function associates with weight of both the placenta and
the newborn.

Subjects and Methods

Study population and ethics
Subjects were 321 Caucasian women with singleton pregnan-

cies included in a prenatal cohort of cardiovascular risk factors
in healthy infants. Cross-sectional data at the end of the second
trimester (between 24 and 28 wk gestation; for laboratory vari-
ables) and at the end of the third trimester of pregnancy (for
clinical characteristics) are presented in this report.

Pregnant women were consecutively recruited among those
seen at the prenatal primary care clinics in Alt Empordà, a region
in northern Spain. All women were of Caucasian origin and had
uncomplicated pregnancy and parturition (no major medical,
surgical, or obstetrical complications). Women with multiple
pregnancies, gestational diabetes, preeclampsia, and fetal
malformations or asphyxia were excluded. Women with self-
reported history of thyroid disease, including goiter, overt
hypothyroidism or hyperthyroidism, and known thyroid cancer
or nodules were also excluded. The final cohort included 370
pregnant women (Fig. 1). Of these, 49 pregnant women with
positive anti-thyroid peroxidase antibodies were additionally ex-
cluded from the study because thyroid antibodies have been as-
sociated with impaired gestational glucose tolerance (15). All
women finally included in the present study (n � 321) were
euthyroid, and none received thyroid hormone replacement. As
part of routine practice in our area, all women were advised to
supplement their diet with iodine pills (200 �g iodine per day)
across gestation. Smoking was defined as consumption of one or
more cigarettes per day during pregnancy.

The protocol was approved by the Institutional Review Board
of Dr. Josep Trueta Hospital. Informed written consent was ob-
tained from the women.

Assessments and samples
A close prenatal follow-up, consisting of protocolized clinical

exams, ultrasonograms, and laboratory tests (urine and blood),
were performed in all subjects. Information on maternal sociode-
mographic, medical, and reproductive characteristics, and labor

and delivery characteristics was abstracted
from standardized medical records. Gesta-
tional age was based on the last menstrual
period and, when possible, was confirmed
by ultrasound examination performed be-
fore 20 wk gestation.

Maternal weight and height were as-
sessed at the end of the third trimester, be-
fore delivery. Body mass index (BMI) was
calculated as weight divided by height
squared. Systolic and diastolic blood pres-
sure were measured in the sitting position
on the right arm after a 10-min rest; an elec-
tronic sphygmomanometer (Dinamap Pro-
Care 100; GE Healthcare, Chalfont St.
Giles, UK) was used.

Placentas from the studied women were
collected and weighed immediately after de-
livery. Neonates were studied within theFIG. 1. Recruitment of the study population. TPO, Thyroid peroxidase.
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first hours after birth. Weight and length were measured, respec-
tively, using a calibrated scale for weight and a standardized
metal measuring board. Gestational age- and sex-adjusted SD

scores for birth weight and length were calculated using regional
normative data (16).

Analytical methods
Blood tests were performed in women between 24 and 28 wk

gestation. All serum samples were obtained under fasting con-
ditions. Serum glucose was analyzed by the hexokinase method.
Serum immunoreactive insulin was measured by immunochemi-
luminescence (Immulite 2000; Diagnostic Products, Los Angeles,
CA). The lower detection limit was 0.4 mIU/liter, and intra- and
interassay coefficients of variation (CV) were less than 10%.
Fasting insulin sensitivity was estimated from fasting insulin and
glucose levels using the following formula: HOMA-IR � (fasting
insulin in mU/liter) � (fasting glucose in mM)/22.5. HMW-
adiponectin was measured by sandwich ELISA (Linco, St.
Charles, MO). The detection limit was 0.5 ng/ml, and CV was
less than 4%. Total serum triglycerides were measured by mon-
itoring the reaction of glycerol-phosphate-oxidase and peroxi-
dase. High-density lipoprotein (HDL) cholesterol was quantified
by the homogeneous method of selective detergent with accel-
erator. TSH, fT4, and fT3 serum concentrations were measured
by chemiluminescent microparticle immunoassays (Abbott Lab-
oratories, Abbott Park, IL), with detection limits of 0.01 mIU/

liter, 5.2 pmol/liter, and 1.5 pmol/liter, respectively; CV were less
than 5, 8, and 10%, respectively . Reference values for early third
trimester of pregnancy (between 24 and 30 wk gestation) in
European women are: TSH, 0.31 to 2.76 mIU/liter; fT4, 9.3 to
13.7 pmol/liter; and fT3, 3.4 to 5.5 pmol/liter (17).

Oral glucose tolerance tests, with fasting and 1-h timed blood
glucose measurements after a 50-g oral glucose load, were per-
formed in all participants.

Statistics
Statistical analyses were performed using SPSS version 12.0

(SPSS Inc., Chicago, IL). Results are expressed as mean � SEM.
Nonparametric variables were mathematically transformed to
improve symmetry. The relation between variables of interest
was analyzed by simple correlation followed by multiple regres-
sion in a stepwise manner.

In this study, bivariate analyses were in part exploratory, and
therefore a P value of 0.005 (derived from the Bonferroni cor-
rection: 0.05/10 variables or groups of highly correlated vari-
ables) was deemed significant in these analyses. Multivariate
analyses, however, were rather confirmatory, and the conven-
tional significance level of P � 0.05 was chosen to avoid type II
statistical errors.

Results

Table 1 shows the results of the clinical and metabolic
parameters in the studied subjects.

TABLE 1. Anthropometrical and biochemical
parameters in healthy pregnant women and neonatal
characteristics at birth

Mothers (n � 321)
Age (yr) 30.5 � 0.3
Weight (kg) 76.9 � 0.6
BMI (kg/m2) 28.9 � 0.2
SBP (mm Hg) 118 � 1
DBP (mm Hg) 69 � 1
Smokers, n (%) 51 (16)
Fasting glucose (mg/dl) 79 � 1
Postload glucose (mg/dl) 118 � 2
HbA1c (%) 5.0 � 0.1
HMW-adiponectin (mg/liter) 5.9 � 0.2
Fasting insulin (mIU/liter) 5.7 � 0.3
HOMA-IR 1.15 � 0.1
Triglyceride (mg/dl) 164 � 3
Total cholesterol (mg/dl) 260 � 2
LDL cholesterol (mg/dl) 155 � 2
HDL cholesterol (mg/dl) 72 � 1
TSH (mIU/liter)a 1.91 � 0.04
fT4 (pmol/liter)a 11.5 � 0.1
fT3 (pmol/liter)a 4.3 � 0.1

Newborns (n � 321)
Sex (female), n (%) 151 (47)
Gestational age (wk) 39.6 � 0.1
Weight (g) 3300 � 20
Weight SDS 0.1 � 0.1
Height (cm) 50 � 1
Height SDS �0.2 � 0.1
Placental weight (g) 610 � 9

Data are shown as mean � SEM, unless described otherwise. SBP,
Systolic blood pressure; DBP, diastolic blood pressure; LDL,
low-density-lipoprotein; SDS, SD score.
a Reference values for early third trimester of pregnancy (between 24
and 30 wk gestation) in European women are: TSH, 0.31 to 2.76 mIU/
liter; fT4, 9.3 to 13.7 pmol/liter; and fT3, 3.4 to 5.5 pmol/liter
(Architect System, Abbott Laboratories).

TABLE 2. Bivariate correlations between maternal
thyroid function tests and selected parameters in the
studied subjects (n � 321)

fT4 fT3-to-fT4 ratio

r P r P
Age (yr) �0.058 0.33 �0.049 0.41
Maternal BMI

(kg/m2)
�0.136 0.013 0.292 <0.0001

Fasting glucose
(mg/dl)

�0.094 0.050 0.214 <0.0001

Postload glucose
(mg/dl)

�0.159 0.002 0.200 <0.0001

HbA1c (%) �0.231 <0.0001 0.230 <0.0001
HMW-adiponectin

(mg/liter)
0.276 <0.0001 �0.366 <0.0001

Fasting insulin
(mIU/liter)

�0.159 0.002 0.282 <0.0001

HOMA-IR �0.160 0.002 0.291 <0.0001
Triglyceride

(mg/dl)
�0.151 0.003 0.181 0.001

LDL-cholesterol
(mg/dl)

�0.044 0.43 �0.031 0.58

HDL-cholesterol
(mg/dl)

0.038 0.57 �0.090 0.13

Placental weight
(g)

�0.208 <0.0001 0.232 0.001

Birth weight-SDS �0.131 0.019 0.122 0.049
Birth length-SDS �0.091 0.11 0.062 0.29

To account for multiple comparisons, significance was set at P � 0.005
(boldface) in these results. LDL, Low-density-lipoprotein; SDS, SD score.
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Bivariate analyses
Although TSH was unrelated to metabolic parameters,

decreasing fT4 and increasing fT3-to-fT4 ratio were associ-
ated with a less favorable metabolic phenotype, as judged by
higherpostloadglucose,HbA1c, fasting insulin,HOMA-IR,
and triglycerides, and by a lower HMW-adiponectin (all P �

0.005; Table 2). Figure 2 shows representative associations
for fT4 and fT3-to-fT4 ratio and metabolic variables.

Both decreasing fT4 and increasing fT3-to-fT4 ratio were
alsoassociatedwith largerplacentas (bothP�0.005;Table2).

Table 3 shows the distribution of metabolic parameters
and placental weight according to the lower and upper
quintiles of serum fT4 and of the fT3-to-fT4 ratio.

Multivariate analyses
In multiple regression analyses with thyroid function tests

as dependent variables (Table 4), fT4 was independently ex-
plained by HbA1c (� � �0.135; P � 0.038), HMW-adi-
ponectin (� � 0.218; P � 0.001) and placental weight (� �
�0.185; P � 0.005), whereas the fT3-to-fT4 ratio was in-

dependently explained by maternal BMI (� � 0.265; P �
0.0001), HMW-adiponectin (� � �0.237; P � 0.002),
HOMA-IR(��0.194;P�0.014),smoking(��0.182;P�
0.013), and placental weight (� � 0.174; P � 0.020).

In multiple regression analyses with placental weight as
dependent variable, placental weight was independently
explained by maternal BMI (� � �0.183; P � 0.006; R2 �
7.5%), postload glucose (� � 0.163; P � 0.014; R2 �
4.2%), triglyceride (� � 0.150; P � 0.024; R2 � 2.1%),
and fT4 (� � �0.159; P � 0.016; R2 � 2.6%). Placental
weight was also independently explained by fT3-to-fT4
ratio (� � 0.194; P � 0.010; R2 � 5.1%) when this ratio
was computed in the model instead of fT4. Nonpredictive
variables in these models were maternal age, HMW-
adiponectin, and HOMA-IR.

Discussion

In healthy euthyroid pregnant women, lower concentra-
tions of fT4 and a higher fT3-to-fT4 ratio, as a proxy for

FIG. 2. Correlation graphs of fT4 and fT3-to-fT4 ratio with selected metabolic variables in healthy pregnant women. To improve symmetry, results
for HMW-adiponectin and HOMA-IR have been square root-transformed.
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increased conversion of fT4 to fT3, were related to a less
favorable metabolic phenotype and with placental
growth.

Overt hyperthyroidism and both overt and subclinical
hypothyroidism have been associated with deleterious ef-
fects in pregnancy (11). To the best of our knowledge, ours
is the first study to suggest that normal variations in thyroid
function may also influence the course of human pregnancy.

fT4, rather than TSH, and the fT3-to-fT4 were both
related to various markers of metabolic dysfunction. Our
results are in agreement with the reported negative asso-
ciation of fT4 with several components of metabolic syn-
drome in euthyroid adult subjects (4–6, 8, 9, 18). TSH
may be less reflective of thyroid hormone status in preg-
nancy because human chorionic gonadotropin is known
to act as a TSH agonist. Indeed, the concentration of hu-
man chorionic gonadotropin correlates with that of fT4 in
pregnant women (11).

Consistent associations were found with HMW-adi-
ponectin. Given that adiponectin and thyroid hormone
mediate similarphysiological actions, it is conceivable that
adiponectin may interact with the thyroid axis. In this
respect, serum total adiponectin has been reported to be

positively associated with fT4 in healthy euthyroid sub-
jects (19), in patients with chronic renal failure (20), and
in thyroid cancer patients after thyroid hormone with-
drawal (21). We have recently shown that secretion of
HMW-adiponectin is up-regulated by thyroid hormone in
human adipose tissue (22). Collectively, these data suggest
that thyroid hormone and HMW-adiponectin may be
linked together in the regulation of energy metabolism in
human pregnancy.

Additional independent associations were found for
thyroid hormones and markers of glucose tolerance and
insulin resistance. It cannot be excluded that thyroid hor-
mones, even within the euthyroid range, may have an im-
pact on glucose metabolism in pregnant women. Although
the present study did not examine causality and therefore
cannot support or refute this hypothesis, the suggestion is
made based on recently published experimental data. No-
tably, thyroid hormones are known to improve insulin
sensitivity and to decrease hyperinsulinemia and hyper-
glycemia in animal models of type 2 diabetes (23). Among
others, thyroid hormones regulate hepatic gluconeogene-
sis and modulate mRNA and protein expression of glucose
transporters (24, 25). In skeletal muscle and in the brain,

TABLE 3. Distribution of selected parameters according to lower and upper quintiles of serum fT4 and of fT3-to-fT4
ratio in the studied subjects

fT4 fT3-to-fT4 ratio

Lower quintile
(8.0 to 10.0)

Upper quintile
(12.9 to 16.3) P

Lower quintile
(0.2 to 0.3)

Upper quintile
(0.4 to 0.6) P

n 65 64 65 64
Age (yr) 30.5 � 0.5 30.0 � 0.6 0.24 30.8 � 0.5 30.3 � 0.8 0.52
BMI (kg/m2) 29.7 � 0.5 27.8 � 0.5 0.005 27.4 � 0.5 30.0 � 0.5 <0.0001
Postload glucose (mg/dl) 123 � 4 110 � 3 0.008 114 � 4 132 � 4 0.003
HbA1c (%) 5.1 � 0.1 4.9 � 0.1 <0.0001 4.9 � 0.1 5.1 � 0.1 0.0001
HMW-adiponectin

(mg/liter)
5.2 � 0.4 6.8 � 0.5 0.0006 6.9 � 0.6 4.7 � 0.3 <0.0001

Fasting insulin (mIU/liter) 7.0 � 0.7 4.6 � 0.6 <0.0001 3.5 � 0.3 6.9 � 0.7 <0.0001
HOMA-IR 1.42 � 0.16 0.88 � 0.10 <0.0001 0.66 � 0.05 1.43 � 0.15 <0.0001
Triglyceride (mg/dl) 173 � 8 155 � 8 0.02 148 � 6 182 � 9 0.003
TSH (mIU/liter) 2.16 � 0.11 1.76 � 0.10 0.01 1.88 � 0.11 1.99 � 0.11 0.42
fT3 (pmol/liter) 4.1 � 0.1 4.4 � 0.1 0.08
Placental weight (g) 629 � 10 564 � 15 0.006 554 � 19 642 � 18 0.0005

To account for multiple comparisons, significance was set a P � 0.005 (boldface) in these results.

TABLE 4. Multiple linear regression models of maternal thyroid function tests as dependent variables in the studied
subjects

fT4 fT3-to-fT4 ratio

� P R2 � P R2

Maternal BMI (kg/m2) 0.265 0.001 14.6%
HbA1c (%) �0.135 0.038 1.4%
HMW-adiponectin (mg/liter) 0.218 0.001 6.3% �0.237 0.002 8.7%
HOMA-IR 0.194 0.014 4.5%
Smoking 0.182 0.013 2.6%
Placental weight (g) �0.185 0.005 3.4% 0.174 0.020 2.9%

Nonpredictive variables are maternal age, fasting or postload glucose, and serum lipids.
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thyroid hormones are known to regulate the activity of
AMP-activated protein kinase (3, 26). In a recent clinical
study, thyroid hormone at TSH-suppressive doses ame-
liorated insulin resistance and glucose intolerance in a sub-
ject with a mutation in the insulin-receptor gene (27).

We have chosen the fT3-to-fT4 ratio as a proxy for
increased conversion of fT4 to fT3 (13, 14). Of note, type
2 iodothyronine deiodinase—which is the major source of
plasma T3 in euthyroid humans (28)—is induced during
pregnancy (29). As previously shown, the activity of type
2 deiodinase increases when the availability of T4 de-
creases, which seems to depend on a signal from the T4

molecule per se to maintain intracellular and/or circulat-
ing T3 pools (30). Lower concentrations of fT4 could thus
be compensated with a higher conversion to T3 in healthy
pregnant women.

It is well known that smoking can affect thyroid hor-
mone levels (31). In multivariate analysis, smoking was an
independent explanatory factor of the fT3-to-fT4 ratio.
These findings are in line with recent results showing that
fT3 is associated with smoking, even after accounting for
the effect of obesity, body fat distribution, insulin, and
metabolic parameters (18, 32).

Thyroid function within the euthyroid range was also
associated with placental growth, independent from
common confounders, such as maternal BMI and serum
glucose and lipid concentrations (33). Although similar
findings have been recently reported (34), the negative
association of fT4 and the positive association of fT3-to-
fT4 with placental weight were rather unexpected because
gestational hypothyroidism has negative effects on the
birth weight of offspring (35, 36). However, others have
described direct toxic effects of thyroid hormones on fetal
development (37). Finally, it cannot be excluded that
larger placentas in pregnant women with lower serum fT4
concentrations may result from a compensatory mecha-
nism to ensure adequate thyroid hormone transfer to the
fetus. Alternatively, larger placentas may result in in-
creased placental deiodinase activity, which will explain
the negative association with fT4 and positive association
with fT3-to-fT4 ratio.

We acknowledge a number of limitations in our study.
The measurement of free thyroid hormone by commercial
assays is limited by the fact that results are highly method-
and trimester-specific and are only an estimate of results
obtained using more laborious methodologies, such as
equilibrium dialysis or ultrafiltration. The assays used in
the present study for fT4 and fT3 are two-step immuno-
assays that may be less prone to artifact (38). Maternal
volume expansion in the second trimester of pregnancy
may be a confounding factor in association studies of sol-
uble biomarkers (39). Although we did not measure ma-

ternal plasma volume in this cohort of pregnant women,
all the reported associations in the present study were ad-
justed for BMI, a common correlate of maternal plasma
volume, and were not significantly affected by further ad-
justing for additional correlates, such as maternal height
(data not shown). Although we excluded women with
readily detectable thyroid autoimmunity, we cannot rule
out the possibility that antibody-positive women were still
present in our study because antibody titers may become
undetectable toward term due to the general immunosup-
pressive state of pregnancy. Another study limitation is the
normality of our study population. This limitation does
not allow us to speculate on the potential link between
thyroid status and energy metabolism, for example, in
women with gestational diabetes.

In summary, in pregnant women without a history of
thyroid dysfunction, lower concentrations of fT4 and a
higher conversion of fT4 to fT3, as inferred by changes in
the fT3-to-fT4 ratio, are associated with a less favorable
metabolic phenotype and with placental growth.
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