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Abstract

Objective: To assess the impact on cord blood (CB) thyro-
globulin (Tg) of early iodine supplementation during preg-
nancy. Methods: A total of 111 healthy pregnant women
with normal thyroid function were included in a prospective
randomized study and divided into two groups with (150 g/
day) or without iodine supplementation started during the
first trimester. Maternal smoking was assessed qualitatively
by self-reported statements and quantitatively by cotinin-
uria. Exhaustive thyroid tests were performed at delivery in
the mother and in CB. Results: Third-trimester ioduria docu-
mented compliance with iodine supplementation (160 vs. 76
pg/lin controls). CB Tg was not different between the iodine
and control groups (median 77 vs. 79.5 ng/ml, respectively)
and did not correlate with maternal ioduria. CB Tg was high-
er in newborns from smoking mothers (114 vs. 64.7 ng/ml)
and correlated with self-reported smoking status more than
with maternal cotininuria. Nonsmokers had no difference in

CB Tg whether they took iodine supplementation or not, as
opposed to smokers, who tended to benefit from supple-
mentation. Conclusions: lodine supplementation does not
significantly impact CB Tg in healthy nonsmoker pregnant
women selected for normal thyroid function, as opposed to
maternal smoking. CB Tg appears to be a marker of in utero
tobacco exposure. In areas of mild iodine deficiency, iodine
supplementation could especially benefit the fetuses of

smokers. Copyright © 2012 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Mild iodine deficiency (ID) is still common in West-
ern Europe, despite government programs aiming at its
eradication [1]. Although spot ioduria (urinary iodine ex-
cretion, UIE) is widely used to diagnose ID at the popula-
tion level [1, 2], serum thyroglobulin (Tg) has been pro-
posed as a marker of ID [3], including in newborns [4, 5].
Maternal iodine supplementation has been shown to im-
prove maternal and cord blood (CB) thyroid tests in areas
of moderate and severe ID [6, 7]. Despite WHO recom-
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mendations for universal iodine prophylaxis in pregnan-
cy, thisis not endorsed by the health authorities in France,
an area of mild ID or borderline iodine status [8], where
prescription of supplementation is left to the discretion of
the physician. Data about the effect of such iodine pro-
phylaxis on maternal and fetal thyroid function in preg-
nant women in areas of mild ID are scarce [9, 10], and it
remains to be assessed whether such supplementation is
beneficial for pregnant women with initial normal thy-
roid function. In addition, smoking has a complex impact
on thyroid function [11, 12]. During pregnancy, it has
been reported that maternal smoking may affect fetal
thyroid function [13-19]. Despite recommendations,
many women continue to smoke during pregnancy. Thus,
the relative impact of iodine supplementation and mater-
nal smoking deserves a closer look.

We designed a prospective study to assess the impact
on CB Tg of early iodine supplementation in healthy
pregnant women with special attention to maternal
smoking status.

Patients and Methods

Women without a personal history of thyroid disease attend-
ing the obstetric clinic before 12 weeks of amenorrhea with a sin-
gleton pregnancy between July 2007 and July 2008 were eligible if
they had strictly normal thyroid tests on their initial screening,
i.e. free thyroxine (fT4) >12 pmol/l (10th percentile for first tri-
mester in our laboratory), thyroid-stimulating hormone (TSH)
<2.5 mUI/I (recommended upper limit of normal in pregnancy
[20]) and negative anti-thyroid peroxidase antibodies below 100
Ul/ml

Design of the Study

After signing a consent form, 111 women were included in this
study. At baseline, in addition to measurement of T4, TSH and
anti-thyroid peroxidase antibodies, they underwent comprehen-
sive thyroid testing, including Tg, anti-Tg antibodies, free triiodo-
thyronine (fT3), reverse T3 (rI3), total T4, spot ioduria and thy-
roid ultrasound. They were then randomized into two groups, one
group receiving iodine-enriched pregnancy vitamins (150 pg/
day, Oligobs Maxiode, Laboratoire C.C.D., Paris, France) and the
other group receiving the same vitamin mix but without iodine
(Oligobs grossesse, Laboratoire C.C.D.). The table of randomiza-
tion (list of correspondence between the number of a patient and
the study arm, i.e. iodine or not) was obtained by a method of
drawing of lots by blocks, using tables of permutation. This was
an open study.

Treatment was given from the day of enrolment throughout
pregnancy and until 3 months postpartum. Compliance with
pregnancy vitamin administration was assessed by the hospital
pharmacist, based on the number of pills brought back at each
visit (patients were asked to bring back all blisters, empty or not).
One woman from the iodine-supplemented group was excluded
shortly after inclusion when her baseline ioduria was discovered
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to be over 400 pg/l, suggesting possible iodine excess before sup-
plementation.

Comprehensive thyroid tests were performed in each trimes-
ter, at delivery and at the 3-month postpartum visit. At delivery,
CB samples were collected and analyzed for thyroid tests, includ-
ing Tg, anti-Tg antibodies, {T4, fT3, TSH and rT3.

Assays

Spot UIE was measured by inductively coupled plasma mass
spectrometry [Pasteur-Cerba Laboratory, Cergy Pontoise, France;
detection threshold 15 pg/l; intra- and interseries coefficient of
variation (CV) <10%]. Tg was measured by immunoradiometric
assay (Thyroglobulin IRMA, Cis bio International, Gif-sur-
Yvette, France). T4, fT3, total T4, TSH and anti-Tg antibodies
were measured by chemiluminescence (ADVIA Centaur, Siemens
Healthcare Diagnostics, France), while rT3 was measured by ra-
dioimmunoassay (Pasteur-Cerba Laboratory). Reference ranges
were established in our laboratory for fT4 and TSH during the
first trimester of pregnancy (2.5 and 97.5 percentiles): {T4 11.47-
19.23 pmol/l, and TSH 0.053-3.23 mUI/Il. The other (nonpreg-
nancy) reference ranges were provided by the manufacturers: Tg
5-50 ng/ml; anti-Tg antibodies <60 UI/ml; fT3 3-7 pmol/l, and
T3 0.14-0.54 nmol/L.

The intra- and interassay CVs, respectively, were as follows:
fT4,2.31 and 1.95%; TSH, 2.67 and 3.97%; Tg, 2.4 and 4.5%; anti-
Tg, 5.5 and 1.8%; fT3, intra-assay CV 2.35%, and rT3, 8.54 and
6.21%.

Smoking Status

Maternal smoking was assessed qualitatively at baseline by
self-reported statement as never smoked, current smokers and
former smokers (women who quit smoking before pregnancy or
when pregnancy was diagnosed) and quantitatively during the
third trimester by measuring cotininuria. A simple reverse-phase
high-performance liquid chromatographic method with UV de-
tection adapted from Oddoze et al. [21] was used for the quantifi-
cation of urinary cotinine. After a one-step solid-liquid extrac-
tion on Clean-Screen, cotinine was quantified by a Waters 2695
apparatus (Guyancourt, France) and Waters 996 photodiode ar-
ray detector. The threshold of detection was 10 jg/1.

Statistics

The primary end-point of our study was the comparison of
maternal Tg concentrations at delivery between the two groups,
according to iodine supplementation. The sample size (number of
patients to be included) was determined by our methodologist
(F.B.) based on the paper by Glinoer et al. [7]. Additional end-
points were the comparison and evolution of the other thyroid
tests in the mother and CB, including CB Tg. Further analyses of
the interaction of iodine supplementation and maternal smoking
were post hoc analyses.

Quantitative variables are expressed as means and standard
deviation or medians and range. Qualitative variables are ex-
pressed as counts and percentages. Student’s t test or Mann-Whit-
ney’s U test were used to compare continuous variables. The x2
test or Fisher’s exact test were used for categorical variables. The
correlations between variables were determined using Pearson’s
test or Spearman’s rank test. The nonparametric Kruskal-Wallis
test was used to examine associations between maternal smoking
and thyroid function tests.
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Table 1. Clinical characteristics at inclusion of 86 mother/newborn pairs

Iodine supplemen- Controls p
tation (n = 32) (n=54)
Mothers
Age, years 28 (21-37) 27 (18-39) NS
GA at first visit, weeks 8 (5-12) 8 (5-12) NS
BMI 21.9 (17.9-30.8) 22.3 (16-39.5) NS
Parity, n 0(0-2) 0(0-4) NS
Smoking status at first visit, n
Nonsmokers! 23 (74.2%) 39 (72.2%) NS
Smokers 8 (25.8%) 15 (27.8%) NS
Newborns
Term, weeks 39.4 (35-41.4) 40 (33-41.9) NS
Mode of delivery, n NS
Vaginal 24 (75%) 46 (85%)
Cesarian section 8 (25%) 8 (15%)
Birth weight, g 3,160 (2,170-3,780) 3,420 (2,050-4,770) 0.017
Birth length, cm 48 (45.5-51.5) 49 (45-55) 0.04

Results are expressed as medians (range), except where indicated otherwise.

GA = Gestational age; BMI = body mass index; NS = not significant.

! The category of nonsmokers at inclusion comprises women who declared they had never smoked and those
who quit smoking before or at the diagnosis of pregnancy.

Statistical analyses were performed using the software SAS
version 9.1. Values were considered significant at p<0.05. All tests
were two sided.

The study was approved by the ethics committee of our insti-
tution.

Results

Clinical Results

Out of the 110 women, 86 could be followed until de-
livery with CB measurement, making 86 mother/fetus
pairs. 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, 1 induced abor-
tion (trisomy 18), 10 women with digestive intolerance
(nausea/vomiting), 3 consent withdrawals and 2 missing
in collection; in the control group, there were 3 miscar-
riages and 1 woman with digestive intolerance. Clinical
characteristics of the 86 pairs (32 in the iodine group and
54 in the control group) are shown in table 1 and did not
differ. One quarter of the women were current smokers;
the others were referred to as ‘nonsmokers’ (never smok-
ers and former smokers together). Babies from women
who took iodine had a lower birth weight and smaller
length with similar duration of gestation.
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Biological Results

Results in mothers and in CB are shown in table 2 ac-
cording to iodine supplementation and in table 3 accord-
ing to maternal smoking status.

Maternal Results

Ioduria and thyroid assessment at inclusion were sim-
ilar in the iodine and control groups, with UIE below the
recommended threshold in pregnancy of 150 ng/1 [2]. Io-
duria in the third trimester was higher in the iodine
group (160 vs. 76 pg/1), in agreement with the good com-
pliance reported by our pharmacist (data not shown). At
delivery, in the iodine group, Tg was significantly lower
and TSH tended to be lower, but there was no difference
in fT4 or other thyroid tests.

Cotininuria in the third trimester was higher in the
smoking group, correlating well with self-reported smok-
ing status (p < 0.0001). Of note, 5 nonsmokers had posi-
tive cotininuria, while 4 smokers had undetectable levels.
fT4 was lower in smokers, but there was no significant
difference for Tg or TSH.

CB Results
CB Tg was similar in the iodine and control groups
(median 77 vs. 79.5 ng/ml, respectively), while it was sig-

Hiéronimus et al.



Table 2. Biological results according to iodine supplementation in

pregnant women and in CB

Table 3. Biological results according to smoking status in preg-
nant women and in CB

TIodine Controls P Smokers Nonsmokers p
Mothers: V1 (n=32) (n=54) Mothers (n=21) (n=54)
Tg, ng/ml 17 (2.4-45.1) 17.5(1.3-84.1) NS Toduria
Anti-Tg, Ul/ml 20.9 (6.4-235.2) 19.5(0-164.7) NS (3rd trimester), pg/l 69 (16-193)  125(18-358) 0.007
Anti-Tg >60 UI/ml, n 2 5 NS Iodine supplementation ~ 28.6% 40.4% NS
£T4, pmol/l 14 1(12-17.2) 14.8(12-185) NS Cotininuria
£T3, pmol/l 1(3.8-6.7) 5(41-62) NS (3rd trimester), g/l 129 (0-364) 0(0-77)  <0.0001
TSH, mUI/l 2(0.1-24)  12(02-24) NS Mothere: Va
UIE, pg/l 111 (28-399) 103 (14-355) NS Tg, ng/ml 269 (5.4-112) 19.7(2.1-107) NS
Mothers: V4 (n=27) (n=49) Anti-Tg, Ul/ml 25 (9-154) 23 (0-45) NS
Tg, ng/ml 15.7 (2.7-62) 25(2-112)  <0.02 Anti-Tg >60 UI/ml, n 1 0 NS
Anti-Tg, Ul/ml 24 (0-154) 24 (8-43) NS T4, pmol/l 10.9 (8.1-14.4) 11 7 (7.4-15.5)  0.02
Anti-Tg >60 Ul/ml, n 1 0 NS TSH, mUI/1 2(0.4-3.2) .8 (0.2-5.4) NS
£T4, pmol/l 11 (8-15. 5) 11.7 (7.4-142) NS fT3, pmol/l 4.2 (3.5-4.8) 4(3-5) NS
Mot A6 s g B2 o
UIE (3rd trimester), g/l 160 (18 358) 76 (16-303)  <0.0001 Ai’ting’UI il 18(55-65  14(0-205 NS
CB (n=27) (n=47) £T4, pmol/l 14 7 (9.8-16.6) 12 7(9.5-17.4)  0.09
Tg, ng/ml 7(10-176)  79.5(15-336) NS TSH, mUI/I 4 (1.8-19) 3(2.5-24.5) NS
Anti-Tg, Ul/ml 13.5 (0-65) 16 (55-29.5) NS fT3, pmol/l 2(1.8-4) 2 2 (1.4-48) NS
Anti-Tg >60 Ul/ml, n 1 0 NS rT3, nmol/l 4(2-16.4) 3.3 (0.3-8.8) NS
£T4, pmol/l 132 (10.6-17)  12.6 (9.5-17) NS
TSH, mUI/1 7 5(2.5-19) 6.2 (1.8-245) 0.1 Results are expressed as medians (range), except where indicated
T3, pmol/l 2 (1.4-4.8) 2.2 (1.4-4.6) NS otherwise. V4: data from assessment at delivery.
rT3, nmol/l 3 2 (0.3-8) 3.8(1.5-16.4)  0.05 NS = Not significant.

Results are expressed as medians (range), except where indicated
otherwise. V1: data from assessment at inclusion (first trimester); V4:
data from assessment at delivery.

NS = Not significant.

nificantly higher in newborns from smoking mothers
versus newborns from nonsmoking mothers (114 vs. 64.7
ng/ml; p < 0.005). CB anti-Tg antibodies were negative,
except for 1 sample from the iodine group at a very low
titer. Results of thyroid testing in CB showed no differ-
ence in fT4 and T3, with a trend in the iodine group for
higher TSH (7.5 vs. 6.2 mUI/]) and a significantly lower
T3 (3.2 vs. 3.8 nmol/l). fT4 tended to be higher in new-
borns from smoking mothers.

Table 4 shows the correlations between CB Tg and the
various parameters studied. CB Tg correlated with birth
size and maternal Tg at delivery. Of interest, it also cor-
related with self-reported smoking status and to a lesser
degree with third-trimester maternal cotininuria, but not
with maternal ioduria.

Figure 1 shows that newborns from nonsmokers had
no difference in CB Tg whether their mother took iodine

Impact of Iodine Supplementation and
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supplementation or not (77.2 vs. 61.9 ng/ml), as opposed
to newborns from smokers, who tended to benefit from
maternal iodine supplementation (87.9 ng/ml in the io-
dine group vs. 115.5 ng/ml in the control group; p = 0.1).
Tg of smokers from the control group was significantly
higher than the Tg from nonsmokers whether they took
iodine or not (p <0.01). It tended to be higher than the Tg
of smokers from the group taking iodine supplementa-
tion (p = 0.1). On the other hand, Tg of nonsmokers was
not different whether they took iodine or not, nor from
the Tg of smokers who took iodine.

Discussion

We present data from our interventional, randomized
study of iodine supplementation from the first trimester
throughout pregnancy in 111 women carefully selected
for initial strictly normal thyroid tests and their new-
borns (86 pairs at delivery). With such a design, it is un-
avoidable that some women do not complete the study.
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Table 4. Analysis of CB Tg by linear regression

p R?
Univariate analysis
Significant correlations
Maternal smoking status 0.0029 0.13
Third-trimester cotininuria 0.007 0.24
Birth size 0.0037 0.14
Maternal Tg at delivery 0.03 0.07
Nonsignificant correlations
Iodine supplementation 0.2

Maternal ioduria in first, second and respectively: 0.25,

third trimester 0.28,0.14
Mode of delivery 0.23
Term 0.97
Birth weight 0.26
Gender of newborn 0.19
Newborn thyroid tests respectively: 0.4,
(fT4, fT3, rT3, TSH) 0.67,0.16,0.4
Multivariate analysis
Maternal smoking 0.001 0.18
Birth size and maternal smoking 0.003 0.3
140 1 [ No iodine supplementation
[ lodine supplementation
120 115.5
100
87.9
E 80 77.2
g 61.9
= X
K 60
(U]
40
20
0
Nonsmokers Smokers

Fig. 1. CB Tg according to maternal smoking and iodine supple-
mentation. Results are expressed as medians. The CB Tg of smok-
ers from the control group was significantly higher than the CB
Tg from nonsmokers whether they took iodine (p = 0.007) or not
(p =0.002). It also tended to be higher than the CB Tg of smokers
from the group taking iodine supplementation (p = 0.1). On the
other hand, the Tg of nonsmokers was not different whether they
took iodine or not, nor from the Tg of smokers who took iodine.

268 Eur Thyroid ] 2012;1:264-273

Women were enrolled very early (8 weeks of gestation),
with the risk of first-trimester miscarriage. The imbal-
ance in numbers at delivery between the iodine and con-
trol groups is explained by the fact that most women who
did not complete the study belonged to the iodine group,
mainly due to digestive intolerance to iodinated vita-
mins. There was no difference in miscarriage rates be-
tween the two groups.

Mild ID was present at the first-trimester visit in our
population of healthy women without a personal history
of thyroid disease. This ID shifted from the mild to mod-
erate ID range in the third trimester in the group that did
not receive iodine supplementation, while in the group
receiving 150 pg of iodine/day, the median UIE rose to
160 wg/l, in the range of adequate iodine nutrition in
pregnancy [2]. This result supports iodine supplementa-
tion throughout pregnancy. Of note, third-trimester UIE
in women from the control group was similar to results
we reported earlier in a third-trimester cross-sectional
study of 330 unselected pregnant women [22].

Effect of Iodine and Tobacco on CB Ig

CB Tg of newborns from women with iodine supple-
mentation was not different from CB Tg of newborns
from women without iodine supplementation. Anti-Tg
antibodies were negative, which eliminates assay inter-
ference for the level of Tg, thus validating the results of
Tg measurements. As shown in table 5, which summa-
rizes the literature on the impact of iodine supplementa-
tion and maternal smoking on Tg and other thyroid
tests, there are very few studies on CB Tg and iodine
supplementation [6, 7, 9]. In an observational study,
Nohr and Laurberg [9] reported that newborns from un-
selected women, studied only at delivery and who de-
clared that they took iodinated vitamins during preg-
nancy, had CB Tg lower than that from women who did
not take iodinated vitamins. Our data are apparently at
odds with the studies of Glinoer et al. [7] and Pedersen
et al. [6], who reported higher CB Tg in newborns from
women who did not take iodine supplementation. This
might be explained by a difference in the enrolled wom-
en. Indeed, our patients were selected for their strictly
normal initial thyroid function, while women from the
other studies were either unselected [6] or were selected
because of excessive thyroid stimulation based on ele-
vated Tg, a low normal fT4 index and an elevated molar
ratio of T3 to T4 [7]. Furthermore, they had much lower
UIE (median 50 g/l in Pedersen et al. [6] and 36 pg/l
in Glinoer et al. [7]), reflecting more severe ID in these
populations.

Hiéronimus et al.



Table 5. Impact of iodine supplementation and maternal smoking on Tg and other thyroid tests

a Thyroglobulin

Type of study Iodine impact ~ Dose, pg/day Tobacco impact
CB
Our study interventional  (n = 86) similar 150 higher
Nohr and Laurberg [9] observational (n=139) lower 150 -
Pedersen et al. [6] interventional  (n = 54) lower 200 -
Glinoer et al. [7] interventional  (n=181) lower 100+ LT4 -
Ericsson et al. [14] observational ~ (n = 160) - higher
Gasparoni et al. [15] observational  (n=54) - higher
Maternal
Our study interventional  (n = 86) lower 150 similar
Nohr and Laurberg [9] observational (n=144) lower 150 -
Pedersen et al. [6] interventional  (n = 54) lower 200 -
Glinoer et al. [7] interventional  (n=181) lower 100+ LT4 -
Antonangeli et al. [10] interventional  (n = 86) similar 50 or 200 -
Liesenkotter et al. [28] interventional  (n=108) similar 300 -
b Other thyroid tests
CB
TSH
Our study interventional ~ (n = 86) trend higher 150 similar
Nohr and Laurberg [9] observational (n=139) higher 150 -
Pedersen et al. [6] interventional  (n = 54) similar 200 -
Glinoer et al. [7] interventional  (n=181) similar 100+ LT4 -
Velasco et al. [30] observational (n=194) higher 300 -
Ericsson et al. [14] observational (n=160) - similar
Gasparoni et al. [15] observational (n=54) - similar
McDonald et al. [16] observational (n=104) - similar
Meberg and Marstein [17] observational (n=95) - lower
Shields et al. [18] observational (n=618) - lower
T4
Our study interventional  (n = 86) similar 150 similar
Nohr and Laurberg [9] observational (n=139) higher 150 -
Pedersen et al. [6] interventional  (n =54) similar 200 -
Glinoer et al. [7] interventional  (n =181) similar 100+ LT4 -
Gasparoni et al. [15] observational (n=54) - similar
McDonald et al. [16] observational (n=104) - similar
Meberg and Marstein [17] observational (n=95) - trend higher (fT4I)
Shields et al. [18] observational (n=618) - similar
rT3
Our study interventional  (n = 86) lower 150 similar

The main correlation for CB Tg in our population was
with maternal smoking, while there was no correlation
with maternal UIE in the third trimester, nor with other
parameters that have been proposed by some authors, in-
cluding mode of delivery [14] and gestational age [5].
Thus, it appears that smoking is the main factor explain-
ing CB Tg in our population. In 1987, Ericsson et al. [14]

Impact of Iodine Supplementation and
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already showed that CB Tg concentrations were higher in
newborns from smokers. Chanoine et al. [13], in 1991,
showed a positive correlation between CB Tg and CB
thiocyanate, with an increase in the ratio of fetal thyroid
volume to fetal birth weight. A larger neonatal thyroid
volume linked to maternal smoking was also reported by
Klettetal. [23]. In 1998, Gasparoni etal. [15] reported that
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Table 5 (continued)

Type of study Iodine impact ~ Dose, pg/day Tobacco impact
Maternal
TSH
Our study interventional  (n = 86) trend lower 150 similar
Nohr and Laurberg [9] observational (n=144) lower 150 -
Glinoer et al. [7] interventional ~ (n=181) lower 100 £LT4 -
Antonangeli et al. [10] interventional  (n = 86) similar 50 or 200 -
Velasco et al. [30]
(3rd trimester) observational (n=194) lower 300 -
McDonald et al. [16] observational (n=104) - lower
Shields et al. [18]
(3rd trimester) observational (n=927) - lower (NS in TPO-)
Liesenkotter et al. [28] interventional ~ (n =108) similar 300 -
Pearce et al. [29]
(1st trimester) observational (n =585) similar unknown similar
fT4
Our study interventional  (n = 86) similar 150 lower
Nohr and Laurberg [9] observational (n=144) higher 150 -
Pedersen et al. [6] interventional  (n =54) similar 200
Glinoer et al. [7] interventional  (n =181) similar if I alone 100+ LT4 -
Antonangeli et al. [10] interventional  (n = 86) similar 50 or 200 -
Velasco et al. [30]
(3rd trimester) observational (n=194) lower 300
Pearce et al. [29]
(1st trimester) observational (n =585) similar (fT4I) unknown lower (fT41)
McDonald et al. [16] observational (n=104) - similar
Shields et al. [18]
(3rd trimester) observational (n=927) - similar
T3
Our study interventional ~ (n = 86) similar similar
Antonangeli et al. [10] interventional  (n = 86) similar 50 or 200 -
Velasco et al. [30]
(3rd trimester) observational (n=194) lower 300 -
Shields et al. [18]
(3rd trimester) observational (n=927) - higher

LT4 = Levothyroxine; fT4I = freeT4 index; NS = not significant; TPO- = negative anti TPO antibodies.

CB Tg was higher in newborns from smoking parents
(mother and/or father) than in those from nonsmoking
parents; these results were confirmed at 1 year of age.
This study underlined the effect of passive smoking in
babies, their results being confirmed by the level of thio-
cyanate. We did not measure thiocyanate, but we used
maternal cotininuria as an objective short-term marker
of active or even passive smoking. Cotininuria usually
correlated very well with self-reported maternal smok-
ing. Occasional discrepancies between spot cotininuria
and self-reported smoking status could be explained by
the fact that cotininuria only reflects smoking habits
within the last 48 h. A false negative result (negative co-

270 Eur Thyroid ] 2012;1:264-273

tininuria in smokers) could reflect a transient change in
smoking habits. On the other hand, the presence of posi-
tive cotininuria in self-reported nonsmokers (false posi-
tive) could reflect passive smoking or inaccuracy of self-
report of smoking status. Of note, in our population ma-
ternal smoking was also associated with lower birth
weight (3,060 vs. 3,345 g; p<0.005), as reported elsewhere
(17].

Iodine supplementation seems to mitigate the negative
impact of tobacco on Tg. Indeed, CB Tg from newborns
of smoking mothers who took iodine supplementation
tended to be lower than CB Tg from newborns of control
smoking mothers, though the numbers were small; fur-

Hiéronimus et al.



thermore, the CB Tg was not different from nonsmokers.
This effect of iodine in smokers has also been suggested
to impact thyroid volume or goiter in adults of the gen-
eral population [24, 25]. In addition, two studies of large
nonpregnant cohorts, one in Korea [26] and one in the
USA [27], have brought different results about the inter-
action between smoking and iodine nutrition. Cho et al.
[26] suggest that in the case of iodine excess, smoking de-
creases the risk of subclinical hypothyroidism in an io-
dine-sufficient area. Vanderver et al. [27] report that the
impact of smoking on the prevalence of hypothyroxin-
emia is limited to women of childbearing age with the
highest UIE. Thus, the respective impact of iodine sup-
plementation and maternal smoking on Tg that we report
here in healthy pregnant women should be confirmed in
a larger series.

Effect of Iodine Supplementation on Other Thyroid

Tests

Though our study focused on CB Tg, we also report
interesting results of the impact of iodine supplementa-
tion on other thyroid tests, both in mothers and new-
borns.

Firstly, there was a positive effect on maternal Tg (low-
er Tg in the iodine group), contrasting with the absence
of an effect on CB Tg. Similar results in mothers have
been found by others [6, 7, 9], but not all [10, 28] (table 5).
This shows that, even in normal women, iodine may have
a beneficial effect on maternal thyroid economy, as as-
sessed by Tg. However, we only found a trend for lower
maternal TSH and no effect on fT4. Of note, in a large
cohort studied during the first trimester, Pearce et al. [29]
found no correlation of TSH and fT4 with the use of io-
dine-containing multivitamins.

In the newborns, we mainly observed a lower CB rT3
and a trend for a higher TSH with similar fT4 in newborns
of women taking iodine supplementation. Nohr and
Laurberg [9] reported higher CB TSH and fT4 in new-
borns from women taking iodinated vitamins, noting an
opposite effect on maternal and CB TSH and suggesting
that ‘at least in areas of mild ID, fetal thyroid is more sen-
sitive to the inhibitory effect of iodine than anticipated
hitherto’. In addition, Velasco et al. [30] reported CB TSH
levels 2-fold higher in the group of newborns from women
who took 300 pg of iodine/day (above the recommended
supplementation) compared to controls; however, they
did not measure fT4. The significance of higher TSH in
CB from infants of women taking iodine supplementation
is uncertain, and paradoxically proposed by some as ben-
eficial [31], but probably depending on the dosage admin-

Impact of Iodine Supplementation and
Maternal Smoking on CB Tg

istered. Data on CB TSH seem to be in contrast with those
of neonatal TSH measured at 3-4 days of life for the
screening of congenital hypothyroidism and which are
considered by some authors as a sensitive indicator of io-
dine nutrition during pregnancy [32, 33]. Data on rT3 are
lacking. Our results showing lower rT3 with iodine sup-
plementation could suggest an effect of iodine supplemen-
tation on placental type 3 deiodinase activity.

Effect of Maternal Smoking on Other Thyroid Tests

In CB, we found no significant difference in the results
of thyroid tests. Review of the literature shows scarce and
sometimes conflicting results [14-18] (table 5), usually
with no information provided on iodine status.

In the mothers, we found a significant negative impact
of smoking on maternal fT4 at delivery, but no detectable
effect on TSH or other thyroid tests, results similar to
those of Pearce et al. [29] during the first trimester, while
others have reported similar T4 and lower TSH [16, 18]
(table 5). Outside pregnancy, TSH is usually reported to
be lower in smokers [24, 26], and T4 is variably reported
as lower [19, 27], higher [24] or similar [26].

The action of tobacco on the thyroid is known to be
complex, with discrepancies likely due to different fac-
tors. Tobacco components may have different effects
(thiocyanate, nicotine and others), with the intensity of
smoking found to be significant by some authors [27], but
not all [26]. For example, thiocyanate is a potent antithy-
roid compound in vitro [34], while in vivo studies suggest
a possible stimulating effect [12]. On the other hand,
Gondou et al. [35] have reported an effect of nicotine on
type 3 deiodinase activity in vitro. Other environmental
factors may mitigate the effect of smoking, such as ID and
exposure to thyroid disruptors [36, 37]. In addition, some
factors contributing to discrepancies are linked to the
population studied, e.g. pregnancy status or individual
susceptibility to thyroid disease. Tobacco is supposed to
have both a stimulating effect on thyroid function in nor-
mal patients and a hypothyroid and/or goitrogenic effect
on patients with a predisposition to hypothyroidism [11,
12, 17]. Pregnancy is an additional stressor on the mater-
nal thyroid and could reveal hypothyroxinemia in smok-
ers in a context of ID.

Conclusion
Iodine supplementation did not seem to significantly

impact CB Tg in our population of normal pregnant
women. By contrast, self-reported maternal smoking is
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associated with a stimulation of the fetal thyroid as as-

sessed by CB Tg, which appears to be a marker of in utero

exposure to tobacco. Iodine supplementation during
pregnancy could especially benefit the fetuses of mothers
addicted to tobacco in areas of ID. Along with optimiza-
tion of iodine nutrition at the population level [38], public

health policies to protect fetal thyroid function should
include encouragement and help for mothers to quit
smoking.
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