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Abstract

Objectives: The aim of the study was to determine the evo-
lution of thyroid tests throughout pregnancy and postpar-
tum in healthy women with and without iodine supplemen-
tation. Methods: This was a prospective, randomized, inter-
ventional study of iodine supplementation (150 ug/day)
from the first trimester until 3 months postpartum versus
controls. 111 pregnant women with normal initial thyroid
tests were enrolled, undergoing comprehensive thyroid as-
sessment at each trimester. We present results of longitudi-
nal and cross-sectional analyses. Results: Initial ioduria sug-
gested mild iodine deficiency in both groups, while third-
trimester ioduria rose to levels of iodine sufficiency in the
iodine-supplemented group. In the longitudinal study, free
T4 (FT4) levels decreased in the second and third trimesters
compared to the first trimester in both groups, with no
change in TSH, and rose postpartum, though lower than the
first trimester. FT3 levels and the total T4 (TT4)/thyroxine-
binding globulin (TBG) ratio followed the same evolution as
FT4.TT4 levels rose due to TBG increase. Thyroglobulin (Tg)
of iodine group remained stable, contrasting with the rise in

the control group. In the cross-sectional study, there was no
difference between the two groups in thyroid tests at any
time-point, except for lower Tg in the second trimester and
postpartum visits in the iodine group. Conclusions: In
healthy, mildly iodine-deficient pregnant women, a ‘drop’ of
FT4 and TT4/TBG without TSH increase occurs between the
first and second trimesters, and is not prevented by iodine
supplementation, suggesting physiology. Therefore, FT4 is
valuable to assess thyroid function in pregnancy in clinical
practice with appropriate trimester-specific reference range.
It brings up reflection on threshold for diagnosis and treat-
ment of hypothyroxinemia.

Copyright © 2013 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

The thyroid hormone economy changes profoundly
during pregnancy to accommodate maternal and fetal
needs [1]. The main factors involved are the BHCG secre-
tion by the placenta (with its stimulatory effect on mater-
nal thyroid), the increased estradiol production (causing
a rise in thyroxine-binding globulin - TBG), and the
changes in iodine renal clearance and needs. Those chang-
esresultin a gradual increase in thyroid hormone produc-
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tion contrasting with a reported drop in free T4 (FT4) lev-
els after the first trimester [1], which is considered by
some as pathological, despite normal TSH concentration,
and led to the concept of maternal hypothyroxinemia [2].
The definition of maternal hypothyroxinemia is usually
set below the 5th or 10th percentile of the reference range
for FT4 associated with normal TSH [3, 4]. There is, how-
ever, the question of threshold for normal values, linked
in part to the lack of laboratory reference ranges in preg-
nancy. The association of isolated maternal hypothyrox-
inemia with impaired neurocognitive development in the
offspring is debated [2, 5-7]. Iodine has a central role in
the thyroid economy, particularly in pregnancy. There-
fore, there are efforts worldwide to eradicate iodine defi-
ciency (ID), with special attention to women of childbear-
ing age [3, 8, 9]. One important issue is to determine to
what extent the drop in maternal FT4 is caused by insuf-
ficient iodine intake. Based on maternal thyroglobulin
(Tg) levels and newborn thyroid volume [10], the benefit
of iodine supplementation is clear for women with severe
ID [11] and in women selected for thyroid hyperstimula-
tion in early pregnancy, as well as for their offspring. How-
ever, there is no definitive evidence of a benefit in terms
of maternal thyroid function in healthy pregnant women
with normal thyroid function at the beginning of preg-
nancy [9, 12]. We designed a randomized, prospective,
interventional study to assess the evolution of thyroid
function with and without iodine supplementation in
healthy women with normal initial thyroid tests.

Patients and Methods

Design of the Study

Women presenting at their first obstetrical visit between July
2007 and July 2008 were eligible for this study if they met the fol-
lowing criteria: no personal history of thyroid disease, seen before
12 weeks of amenorrhea (WA), with a singleton pregnancy, with
normal thyroid tests on a systematic screening: FT4 >12 pmol/l
(10th percentile for first trimester in our population), TSH <2.5
mlU/l, and anti-thyroid peroxidase (TPO) antibodies below the
threshold of positivity set at 100 UI/ml. A urine sample was col-
lected at the pre-inclusion visit for further urinary iodine excretion
(UIE) measurement if the woman was included, thus reflecting
baseline first-trimester UIE before any iodine supplementation.
Exclusion criteria included iodine supplementation before inclu-
sion and UIE 2400 pg/l. After signing a consent form, 111 women
were randomized into two groups, one group receiving iodine-
enriched pregnancy vitamins (Oligobs Maxiode®, 150 pg of io-
dine, Laboratoire C.C.D, Paris, France), the other one receiving the
same vitamin mix but without iodine (Oligobs Grossesse®, Labo-
ratoire C.C.D). All women received a document established by a
dietician on how to optimize their dietary iodine intake. The table
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of randomization (list of the correspondence between the number
ofapatientand the arm of the study - iodine or not -) was obtained
by a method of drawing of lots by blocks, using tables of permuta-
tion. This was an open study. Treatment was given from the day of
enrolment until delivery and beyond until the 3-month postpar-
tum visit. Compliance with pregnancy vitamin administration was
assessed by the hospital pharmacist based on the number of pills
brought back at each visit (patient was asked to bring back all blis-
ters, empty or not). One woman from the iodine-supplemented
group was excluded shortly after inclusion because ioduria (UIE)
was above 400 pg/l. Comprehensive thyroid tests (FT4, total T4 -
TT4, TBG, TSH, FT3, reverse T3 - rT3, Tg, anti-Tg antibodies,
anti-TPO antibodies, UIE) were performed at each trimester (sec-
ond trimester 22 WA, third trimester 33 WA), and at the 3-month
postpartum visit. The TT4/TBG ratio was calculated according to
the following formula: ratio TT4 (nmol/1): 1.287/TBG in mg/1 [13].

Thyroid ultrasound was performed at inclusion, third trimester
and 3 months postpartum by 2 of us (F.B.D. and S.H.) using an En
Visor scanner (Philips Medical System) equipped with a commer-
cially available 5- to 12-MHz linear transducer (50-mm length).
Thyroid volume was calculated in ml for each lobe according to
the formula 0.52 x height x width x thickness in centimeters. Total
thyroid volume was the sum of each lobe’s volume, the isthmus
was not taken into account in volume calculation.

Assays

Spot UIE was measured by mass spectrometry ICP/MS (Pas-
teur-Cerba Laboratory, Cergy Pontoise, France; detection thresh-
old 15 pg/l; intra- and inter-series coefficient of variation, CV
<10%). FT4, FT3, TT4, TSH, and anti-TPO and anti-Tg antibodies
were measured by chemiluminescence (Centaur XP, Siemens
Healthcare Diagnostics, France). Tg was measured by immunora-
diometric assay (Thyroglobulin IRMA, Cisbio Bioassays, Bagnols-
sur-Céze, France). TBG was measured by RIA: RIA-gnost TBG
(Cisbio Bioassays), as was rT3: RIA rT3 (Pasteur Cerba Labora-
tory). Reference ranges for FT4 and TSH were established in our
laboratory in TPO-negative pregnant women during the first tri-
mester (2.5 and 97.5 percentiles): FT4 11.47-19.23 pmol/l and
TSH 0.053-3.23 mIU/I. The other reference ranges were provided
by the manufacturer: FT3 outside pregnancy 3-7 pmol/l; TT4 dur-
ing pregnancy 82.6-138 nmol/l; anti-Tg antibodies <60 UI/ml;
Tg 5-50 pg/l; reference range for TBG for the first trimester 20.5 +
4.8 mg/l. CVs were for FT4 (intra-assay CV 2.31%; inter-assay CV
1.95%), FT3 (intra-assay CV 2.35%), TT4 (intra-assay CV 1.77%;
inter-assay CV 2.9%), TSH (intra-assay CV 2.67%; inter-assay CV
3.97%), anti-TPO (intra-assay CV 4.1%, inter-assay CV 8.0%), an-
ti-Tg (intra-assay CV 5.5%; inter-assay CV 1.8%), Tg (intra-assay
CV 2.4%; inter-assay CV 4.5%), r'T3 (intra assay CV 8.54%; inter-
assay CV 6.21%) and TBG (inter-assay CV 4.4%).

Statistics

Data were entered and stored on an Access file, and then trans-
ferred to R2.14.1 software for statistical analysis. Quantitative vari-
ables were expressed as medians and range, qualitative variables
were described by counts and percentages. x> test or Fisher’s exact
test was used for category comparison; Mann-Whitney test was
used to compare continuous variables.

For each group, we studied the evolution of thyroid tests at each
trimester. Distribution normality was tested with a Shapiro test and
homoscedasticity with a Bartlett test. As the distribution of our vari-
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ables was not normal, we used for multiple comparisons the non-
parametric Kruskal-Wallis test, followed by Nemenyi test. The
analysis was performed in the 86 patients (nonpaired longitudinal
analysis for the three trimesters of pregnancy). In addition, paired
analysis by the Friedman test was performed in 72 women (42 con-
trols and 30 iodine) from the first to the third trimester, and in a
subgroup of 36 women (18 in the iodine- and 18 in the control
group) at each visit, and postpartum (longitudinal, paired analysis).

Lastly, we compared the thyroid tests between the iodine-sup-
plemented group and the non-iodine-supplemented group at each
trimester and the postpartum visit using the Mann-Whitney test.

Tests of significance were two tailed and considered significant
with an alpha level of 0.05.

Results

Baseline Characteristics

Amongthe 111 women included, 86 were followed un-
til delivery. Twenty-four women did not complete the
study (20 in the iodine group and 4 in the control group):
in the iodine group, there were 4 miscarriages, one in-
duced abortion (for trisomy 18), 10 cases of digestive in-
tolerance (nausea/vomiting), 3 cases of consent with-
drawal and 2 missed data collection; in the control group,
there were 3 miscarriages and one digestive intolerance.
Initial clinical characteristics of the 86 women (32 in the
iodine group and 54 controls) are shown in table 1 and
did not differ between the two groups. No patient had
thyroid hyperplasia or goiter. Hormonal characteristics
at inclusion (table 1) were not different between the two
groups. Two women in the iodine group and 5 in the con-
trol group had slightly increased anti-Tg antibody con-
centrations. Median UIE was similar in both groups, be-
low 150 pg/l, in the range of mild ID. 73% of controls had
UIE below 150 ug/l versus 65% of women who were ran-
domized in the iodine-supplemented group. 84% of
women who knew what type of salt they were taking re-
ported consumption of iodinated salt, with no significant
difference between the two groups.

Follow-Up

Women were seen at similar gestational age in both
groups: median second trimester 21.6 versus 21.8 WA
and median third trimester 33.4 versus 33.2 WA in the
iodine group versus controls, respectively.

Evolution of UIE was markedly different in the two
groups: in the iodine group, UIE increased progressively
during pregnancy, reaching 160 pg/l in the third trimes-
ter, while UIE decreased progressively in the control
group (76 pg/l), with a significant difference between the
two groups in the second and third trimesters (table 2)

Iodine Supplementation and FT4 in
Pregnancy

Table 1. Baseline characteristics of the 86 women followed until
delivery

Iodine-supplemented Control group

group
Subjects 32 54

Age, years 28 (21-37) 27 (18-39)
BMI, kg/m2 21.9 (17.9-30.8) 22.3 (16.0-39.5)
Term at first visit (WA)  10.0 (7-12) 10.0 (7.0-12)
Parity 0 (0-2) 0 (0-4)
Smokers at the visit, %  25.8 27.8

Thyroid volume, ml 10.1 (5.3-16.7) 9.5 (5.4-18)

Initial UTE, ug/1
Initial FT4, pmol/l

111 (28-399)
14.1 (12-17.2)

103 (14-355)
14.8 (12-18.5)

Initial TSH, mIU/I 1.2 (0.1-2.4) 1.2 (0.2-2.4)
FT3, pmol/l 5.1 (3.8-6.7) 5.0 (4.1-6.2)
Tg, ug/l 17 (2.4-45.1) 17.5 (1.3-84.1)
TT4, nmol/l 116.7 (73.3-162) 111.2 (71.5-157.3)
TBG, mg/l 27.4 (19.5-50) 26.3 (12.8-48.9)

Data are presented as median and range. No differences were
observed between the 2 groups.

and postpartum for those studied at 3 months after de-
livery. 75% of controls versus 43% of women from the
iodinated group had UIE below 150 pg/l in the third tri-
mester.

Evolution of Thyroxine Levels

Unpaired Analysis in the 86 Women (table 2)

FT4 levels dropped similarly in both groups between
the first and second trimester visit (by 15% in the iodine
group and 21.6% in controls), remaining steady at the
third-trimester visit. In the postpartum period, FT4
reached levels intermediary between the first trimester
and the other trimesters of pregnancy.

TT4 levels displayed a mirror image in their evolution
compared to FT4 with a rise between the first and second
trimester visit (by 15 and 20.8%, respectively), which re-
mained steady at the third trimester visit. There was a
parallel evolution for TBG, though the rise was more
marked in proportion (41% in the iodine and 38% in the
control group). The T4/TBG ratio followed the same evo-
lution as FT4, with lower values at the second and third
trimester visits.

Paired Analysis

The paired analysis in 72 women at each trimester
showed a similar pattern of evolution than the unpaired
analysis for FT4, TT4, TBG and T4/TBG in both groups.
The paired analysis of the subgroup of 36 women fol-
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Table 2. Evolution of thyroid tests throughout the three trimesters of pregnancy and postpartum in women with and without iodine

supplementation
1st trimester 2nd trimester 3rd trimester Postpartum
(n=286) (n=80) (n=76) (n=36)

FT4, pmol/l

Iodine 14.1 (12-17.2) 12.0 (9.8-13.8)P 11.6 (9.2-15.7)> 13.5 (12.0-18.7)

Control 14.8 (12-18.5) 11.6 (9.1-17.4)® 11.7 (8.4-15)° 13.9 (10.1-16.9)®
TT4, nmol/l

Iodine 116.7 (73.3-162) 137.8 (101.7-176.1)® 132.6 (103.1-228.6)° 90.8 (67.5-117.6)

Control 111.2 (71.5-50) 140.4 (93.6-217) 140.6 (95.4-204.2) 91.9 (-110.3)
TBG, mg/l

Iodine 27.41 (19.54-157.3) 46.8 (28.3-62.2)P 52.3 (31.9-65.5)" 19.9 (16.2-28.2)

Control 26.28 (12.8-48.91) 48.1 (23.7-68.2)P 48.9 (28.8-67.3)° 22.2 (16.0-28.8)
TSH, mIU/1

Iodine 1.17 (0.1-2.4) 1.14 (0.3-3.1) 1.1 (0.2-3.6) 1.1 (0.5-2.6)

Control 1.18 (0.2-2.4) 1.12 (0.5-2.7) 1.37 (0.4-2.6) 1.0 (0.5-2.2)
FT3, pmol/l

Iodine 5.12 (3.85-6.74) 4.4 (3.4-5)° 4.2 (3.4-4.8)° 4.9 (3.4-5.6)

Control 4.99 (4.1-6.2) 4.3 (3.4-5.2)P 4.1 (3.6-5.1)° 4.7 (3.9-5.6)P
Tg, pg/l

Iodine 17.0 (2.4-45.1) 13.5 (0.4-38.4) 17.5 (2.5-56.2) 11.5 (4.4-37)¢

Control 17.5 (1.3-84.1) 19.1 (1.8-59.1) 19.6 (3.8-98.6) 23.1 (3.0-45.5)
UIE, pg/l

Iodine 111 (28-399) 118.5 (38-470)¢ 160.5 (18-358)4 131 (45-406)°

Control 103 (14-365) 95.5 (17-228) 76 (16-303) 68 (19-278)
Thyroid volume, ml

Iodine 10.0 (5.3-16.7) ND 9.73 (5.4-15.5) 8.5 (3.8-13.8)

Control 9.4 (5.4-18.0) ND 10.13 (4.2-25.5) 9.7 (6.6-18.9)

Results are expressed as median and range. ND = Not done.

p value from Niemenyi test comparing thyroid tests in the 2nd and 3rd trimesters and postpartum with the 1st trimester of their re-
spective group (iodine and controls): p < 0.01, ® p < 0.0001. p value from the Mann-Whitney test comparing thyroid tests at each visit

between the iodine and control groups: ¢p < 0.05, 4p < 0.001.

In this unpaired analysis, 86 women (32 in the iodine and 54 in the control group) were studied in the 1st trimester, 80 in the 2nd
trimester (31 in the iodine, 49 in the control group), 76 in the 3rd trimester (30 in the iodine, 46 in the control group), and 36 postpar-
tum (18 in iodine, 18 in controls). The 1st trimester results refer to the time before the start of supplementation; all others refer to the

time during supplementation.

lowed until postpartum was also similar during pregnan-
cy. In the postpartum period, we observed a significant
rise in FT4, and TT4/TBG (fig. 1), and a drop in TT4 and
TBG in both groups. In addition, the area under the curve
was similar for FT4 in both groups (37.7 in the iodine
group and 37.5 in the control group, NS).

Comparison between Groups

In a cross-sectional analysis, there was no difference at
any time point between the iodine and control groups for
FT4, TT4, TBG and TT4/TBG. In addition, in a paired
analysis, the difference between FT4 at the first and sec-
ond trimesters was similar when comparing the iodine
(2.22 pmol/l) and the control group (2.97 pmol/l, p =
0.25).
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Evolution of Other Thyroid Tests (table 2; fig. 2)

FT3 followed the same evolution as FT4 in both groups,
i.e. a lower value at the second and third trimester visits
compared to the first trimester, with intermediate values
postpartum, and no difference between the iodine and
control groups at any given time point, in the unpaired
and paired analyses. We observed no change in TSH or in
thyroid volume at the different visits, again with no dif-
ference between the two groups, using paired and un-
paired analyses. Regarding serum Tg concentration, there
was no significant difference in the unpaired analysis be-
tween the different time points and between the two
groups. However, the paired analysis showed, in the io-
dine group only, a lower Tg in the second trimester (p <
0.001) and also postpartum (p < 0.001) compared to the

Brucker-Davis/Panaia-Ferrari/Gal/
Fénichel/Hiéronimus



-+ - Control group
—a— lodine group

FT4 (pmol/l)
®

V1 V2 V3 V5

TT4/TBG
w
1

V1 V2 V3 V5

160+

80
V1 V2 V3 V5

-+ - Control group
—a— lodine group

TSH (mIU/l)
o
1

V1 V2 V3 V5
30
25 RN

20 P

Tg (ug/l)

15 A

10

V1 V2 V3 V5

557

4.5+

FT3 (pmol/I)

35
V1 V2 V3 V5

Fig. 1. Evolution of median FT4, TT4, TT4/TBG in 36 women fol-
lowed at each trimester during pregnancy and 3 months postpartum
(n=18inboth groups): paired analysis. V1 = Ist trimester visit; V2 =
2nd trimester visit; V3 = 3rd trimester visit; V5 = postpartum visit.
FT4 and T4/TBG have similar evolution in the iodine and control
groups: V2vs. V1,p <0.001; V3vs. V1,p <0.01; V5 vs. V2, p < 0.05;
V5vs. V3, p<0.05. TT4 has similar evolution in the iodine and con-
trol groups: V5 vs. V2, p < 0.001; V5 vs. V3, p < 0.001; V5 vs. V1
reaches significance only in the iodine group (p < 0.05). No differ-
ence was found between the two groups at each time interval.

first trimester. There was no significant difference in the
control group. When comparing the iodine with the con-
trol group, Tg was significantly higher at the second tri-
mester (p = 0.05 for the group of 72, and p = 0.025 for the
group of 36 women) and the postpartum visit (p < 0.02,

Iodine Supplementation and FT4 in
Pregnancy

Fig. 2. Evolution of median FT3, TSH, and Tg in 36 women fol-
lowed at each trimester of pregnancy and 3 months postpartum
(n =18 in both groups): paired analysis. FT3 has similar evolution
in the iodine and control groups: V2 vs. V1, p < 0.01; V3 vs. V1,
p <0.01; V5 vs. V2, p < 0.05; V5 vs. V3, p < 0.01. There is no dif-
ference in TSH over time and between the two groups. The rise in
Tg is not significant in the control group, while Tg is lower in the
2nd trimester (p < 0.05) and postpartum (p < 0.01) in the iodine
group. Tg was lower in the iodine group compared to the control
group in the 2nd trimester (p < 0.05) and postpartum (p < 0.02).

group of 36). Lastly, we did not observe postpartum thy-
roiditis in the 36 women studied at 3 months after deliv-
ery, with negative thyroid antibodies (according to anti-
body concentrations).
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Discussion

We report here a prospective, interventional, random-
ized study of early iodine supplementation in healthy
pregnant women from an area of mild ID. Our popula-
tion was selected on the basis of normal first-trimester
thyroid tests, including negative anti-TPO antibodies
(<100 Ul/ml). Eligibility criteria included the threshold
FT4 >12 pmol/l, corresponding to the 10th percentile of
TPO-negative pregnant women (reference range at this
stage of pregnancy established in our laboratory), this
threshold ruling out initial hypothyroxinemia, and TSH
<2.5 mlU/], threshold recommended by the ATA and the
Endocrine Society at this stage of pregnancy [3, 4]. Thus,
we feel confident that we have selected women with nor-
mal thyroid function, allowing us to study the potential
impact of iodine supplementation on the physiological
evolution of thyroid function in mildly iodine-deficient
area throughout pregnancy. We have chosen a supple-
mentation with 150 pg/day, being the current recommen-
dation of the ATA and the Endocrine Society [3, 4]. This
dose is supposed to provide, along with the iodine from
the diet, the 250 pg/day that is considered as optimal in
pregnancy [8]. Other interventional studies included
supplementation with lower doses (100 pg/day [10]),
similar doses (150 pg/day [14], 120/180 pg/day [15],
50/200 pg/day [16]), or higher doses (200 pg/day [17],
230 pg/day [18], 300 pg/day [19], 200/300 pg/day [20]).
Of note, we started the iodine supplementation as early
as possible (median 10th WA) for a randomized interven-
tional study in a clinical setting. This explains that some
women did not complete the study because of miscar-
riages. Others had severe nauseas and/or vomiting pre-
venting absorption of pills: this was particularly true with
the iodinated pills, which turned out to be less palatable
and unfortunately caused more gastrointestinal intoler-
ance than their noniodinated counterparts, leading to ex-
clusion from the study, usually within the first week (10
in the iodine group vs. one control). This explained the
imbalance in dropout between the two groups. The small-
er size of the treated group is the main limitation of our
study. We confirmed the status of mild ID at first trimes-
ter inclusion in both groups based on UIE below 150 ug/1.
The increase in UIE throughout pregnancy in the group
actually receiving iodine contrasts with the decrease in
the control group, similar to the decrease previously re-
ported by Stilwell et al. [21] confirms the good compli-
ance established by pharmacist records, and thus docu-
ments the improvement of iodine status in the iodine-
supplemented group reaching levels of iodine sufficiency
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(>150 pg/l) at the third trimester; however, this was not
true in all supplemented patients, as recently reported by
Santiago et al. [20] in a randomized study with 200 pug/day
of iodine supplementation, which could reflect the com-
plexity of iodine metabolism during pregnancy. Further-
more, UIE in the third trimester in the control group (me-
dian 76 pg/l) is only slightly higher than the UIE we ob-
served between 2003 and 2005 in an unselected population
of 330 pregnant women tested during the second part of
pregnancy (median 64 pg/l, 86% below 150 pg/l) [22],
confirming that our area remains mildly iodine deficient.

We report in both groups a similar drop in FT4 levels
in the second and third trimesters (up to 20%), without
increase in TSH. This was true whatever the mode of anal-
ysis, paired or unpaired. This has been previously report-
ed [1] and was interpreted either as a spurious measure-
ment due to unreliable FT4 assay in pregnancy [23], or as
hypothyroxinemia, considered ‘pathological” and possibly
linked to ID [2]. We used a chemiluminescence assay that
was shown to be reliable in pregnancy when compared to
the direct equilibrium dialysis method coupled to mass
spectrometry which is considered as the gold standard for
FT4 measurement during and outside pregnancy [24]. As
recently reviewed by Zimmerman [25], in the controlled
trials with a similar design (with a supplementation from
100 to 230 pg/day) conducted in mild to moderately io-
dine-deficient pregnant women, there was no difference
in maternal thyroxine levels between iodine-supplement-
ed and control groups [10, 14, 16-18]. Only 2 of those
studies reported lower maternal TSH [10, 17]. In a study
using higher dosage of supplementation (300 pg/day),
Velasco et al. [19] reported lower FT4 and FT3 than in
controls in the third trimester, which was unexpected, and
was also associated with higher cord blood TSH of unclear
significance. More recently, the same group reported a
randomized study of iodized salt, 200 or 300 pg of KI/day,
and showed a similar drop in FT4 (and FT3) without dif-
ference depending on the treatment group [20]. Thus, in
our population, iodine supplementation given as early as
the 10th week of gestation does not prevent the drop in
FT4, which should be considered as a physiological fea-
ture in women with initial normal thyroid function since
there is no concomitant increase in TSH. Therefore, it
should be emphasized that the goal of iodine supplemen-
tation should not be the inhibition of FT4 drop. It could
be hypothesized that iodine prophylaxis started well be-
fore conception could have more impact on FT4 during
pregnancy, as suggested in an observational study of io-
dized salt consumption [26]. However, even in that case,
a 20% drop in FT4 was observed, and so far, there is no
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interventional randomized data supporting this hypoth-
esis. Furthermore, we also observed a drop in FT3 levels
of a similar magnitude to the FT4 drop, not prevented by
iodine supplementation, which further supports a physi-
ological evolution. On the other hand, in women with pre-
disposition to thyroid disease, in situation of ID, it is like-
ly that FT4 levels fall lower than observed here due to the
‘stress’ of pregnancy on a failing thyroid [1]. We present
here a full assessment of thyroxine status throughout
pregnancy, including FT4 and TT4 measurements and
calculation of the TT4/TBG ratio. Indeed, there is an old
debate about the respective value of TT4, FT4 measure-
ments and the TT4/TBG ratio in pregnancy [23, 27-29],
especially based on the potential interference of FT4 im-
munoassays with binding protein. Interestingly, the TT4/
TBG ratio, which is considered as a valid proxy for FT4
levels assessment [13] followed the same pattern as FT4
levels in our population. Thus, lower levels of FT4 should
be considered as a ‘fact and not an artefact’ [28]. Indeed,
it is not because this result does not fit our preconception
of what FT4 levels should be in pregnancy that the FT4
assay should be discarded [29]. Thus, our data bring con-
vincing evidence that FT4 is a valuable assay to assess thy-
roid function in pregnancy in a daily clinical practice.
However, it is important to establish laboratory-specific,
trimester-specific FT4 reference ranges in pregnancy to
define where biochemical hypothyroxinemia starts and
avoid unnecessary treatment, which should be based pri-
marily on fetal needs. It should be noted that the ATA
guidelines do not recommend treatment of isolated hypo-
thyroxinemia [4], while the recent Endocrine Society
guidelines leave it to the discretion of the care giver [3].
On the other hand, TT4 increased as expected at the sec-
ond trimester remaining steady afterwards and was un-
changed with iodine supplementation. Therefore, iodine
prophylaxis with 150 pug/day had no impact on FT4 or on
TT4 level evolution, suggesting that, when thyroxine lev-
els are the end point, it might not be required in a popula-
tion with initial normal thyroid tests. However, when
looking at Tg levels, iodine supplementation prevented
the rise observed in controls, particularly in the paired
analysis. We had also shown previously in the same popu-
lation that maternal Tg at delivery was higher in the con-
trol group [30]. Our results on Tg are similar to those of
Glinoer et al. [10] and Pedersen et al. [17], but at odds with
those of Liesenkotter et al. [18], Nohr et al. [14] and An-
tonangeli et al. [16]. Interestingly, there was no difference
in smoking status in our two groups, including the sub-
group with paired analysis (data not shown). Tg is recog-
nized as a marker of ID and is increased in endemic goiter

Iodine Supplementation and FT4 in
Pregnancy

[9]. Thus, iodine prophylaxis in pregnancy could be ben-
eficial to decrease the prevalence of goitrogenesis in wom-
en [9]. However, if this is strongly suggested in women
with initial hyper-stimulated thyroid [10], this has not
been proven yet in women with strictly normal initial thy-
roid function [25]. In addition, we did not observe in our
limited series a significant change in thyroid volume as-
sessed by ultrasound, whether the women took iodine
prophylaxis or not, suggesting that Tg could be a more
sensitive parameter at least in the short term.

In conclusion, the early ‘drop’ in FT4 levels and TT4/
TBG without TSH increase during normal pregnancy in
a mildly iodine-deficient area can be considered physio-
logical since it is not influenced by iodine supplementa-
tion. Thus, FT4 is valuable to assess thyroid function in
pregnancy in clinical practice as long as appropriate tri-
mester-specific reference range is available. We have es-
tablished our own reference range throughout pregnan-
cy, setting the threshold for isolated hypothyroxinemia in
our population. Therefore, the lower FT4 after the first
trimester should not be mistaken for hypothyroxinemia.
The question of the threshold for therapeutic interven-
tion remains, especially since we lack strong clinical end
point in the offspring. The meaning of such a drop in free
available T4 and T3 at a time where the global production
of thyroid hormones is increased to meet maternal and
fetal needs is unknown and counter-intuitive. We could
speculate that circulating levels of thyroid hormones may
not give a full picture of the complex fetomaternal thyroid
economy, which also includes the placenta as an impor-
tant player [31]. These results on free thyroid hormones
contrast with the impact of iodine supplementation on
maternal Tg, and thus do not challenge the benefit of io-
dine prophylaxis in pregnancy.
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