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Applied nutritional investigation

Iodine deficiency in pregnant women residing in an area with adequate
iodine intake

Enrico Marchioni, Ph.D.a, Angela Fumarola, M.D.a, Anna Calvanese, M.D.a,
Francesca Piccirilli, M.D.a, Valentina Tommasi, M.D.b, Pietro Cugini, M.D.a,

Salvatore Ulisse, Ph.D.a, Filippo Rossi Fanelli, M.D.b, and Massimino D’Armiento, M.D.a,*
a Department of Experimental Medicine, Section of Endocrinology, “Sapienza” University of Rome, Italy

b Department of Clinical Medicine, “Sapienza” University of Rome, Italy

Manuscript received October 26, 2007; accepted January 25, 2008.

bstract Objective: To prevent iodine deficiency disorders, the World Health Organization, United Nations
Children’s Fund, and International Council for the Control of Iodine Deficiency Disorders estab-
lished that for a given population median urinary iodine concentrations (UIC) must be 100–199
�g/L in clinically healthy subjects and 150–249 �g/L in clinically healthy pregnant women. We
evaluated whether in the urban area of Rome, Italy, where a salt iodination program (30 mg/kg) was
introduced since 2005, an increased demand of iodine during pregnancy is guaranteed.
Methods: During 2006, 51 pregnant women at first trimester of a physiologic gestation were
consecutively enrolled on presentation to evaluate UIC in morning spot urine samples. As controls,
100 age-matched clinically healthy non-pregnant women were evaluated.
Results: The median UICs were 182 �g/L (range 85–340 �g/L) and 74 �g/L (range 17–243 �g/L),
respectively, in the control and pregnant groups. This difference was highly significant (P � 0.001).
In particular, the UIC was found to be lower than adequate in 4% of control women compared with
92% of pregnant women. This difference of occurrences was highly significant (P � 0.001).
Conclusion: This observational study demonstrated that, despite the adequate supplementation of
iodine intake, most pregnant women appear not to be protected against iodine deficiency. If
confirmed in larger case studies, this finding claims the attention of relevant professionals to monitor
iodine nutrition during gestation, assuming that ordinary supplementation of iodine intake seems to
be sufficient only in non-gestational conditions. © 2008 Elsevier Inc. All rights reserved.
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During pregnancy the thyroxine (T4) requirement is in-
reased by approximately 50%, mainly due to the estrogen-
nduced rise of thyroxine-binding globulin and to increased
eripheral T4 metabolism due to T4 placental deiodination
1]. The appropriate maternal T4 levels at the onset of
regnancy is important, because during the first trimester of
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estation the only source of fetal plasma T4 is represented
y the small placental transfer of maternal T4 [2].

Iodine is an essential micronutrient required for thyroid
ormone biosynthesis, and the dietary intake recommended by
he World Health Organization (WHO), United Nations Chil-
ren’s Fund (UNICEF), and International Council for the Con-
rol of Iodine Deficiency Disorders (ICCIDD) is 150 �g/d for
dults [3–5]. It must be increased during gestation to 200–300
g/d to sustain the augmented maternal T4 requirement and

etal thyroid function and to compensate for the enhanced
rinary iodide excretion [3,5–7]. Urinary iodine concentration
UIC) is an accurate indicator of iodine intake because 90% of
ngested iodine is excreted in 24-h urine [7]. To prevent iodine

eficiency disorders, the WHO/UNICEF/ICCIDD established
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or a given population that median UICs must be 100–199
g/L in clinically healthy subjects and 150–249 �g/L in
linically healthy pregnant women [2–5,8–12]. These dis-
rders include inadequate development and maturation of
he fetal brain, which is the major preventable cause of
ental defects. The severity can vary from mild intellectual

lunting to frank cretinism [9]. In addition, iodine deficiency
uring pregnancy is responsible for maternal and fetal goiter,
iscarriages, stillbirths, reduced fetal growth, neonatal hypo-

hyroidisms, and damaged reproduction in adult life [8,9,13].
espite several programs of iodine prophylaxis actuated in
any countries, different surveys have shown that iodine

eficiency remains a significant public health problem in
everal areas. Studies from different European and Asian
ountries, still affected by moderate to mild iodine defi-
iency, have shown that the thyroid gland increases its
olume during gestation and pregnant women are at risk of
odine deficiency disorders [14,15]. Furthermore, some
tudies have shown that, even in areas with adequate iodide
ntake, a significant proportion of pregnant women have
ICs below the recommended levels [3,4,13,16,17]. This

aises the issue of whether iodine supplementation should
e generalized in pregnant women, as recommended for the
nited States and Canada by the Public Health Committee
f the American Thyroid Association [4,6].

In view of this, in the present observational study, we
valuated whether in the urban area of Rome (Italy), in
hich a salt iodination program (30 mg/kg) was introduced

n 2005, the increased demand of iodine during pregnancy
or preventing negative maternofetal effects of iodine defi-
iency is guaranteed.

aterials and methods

ubjects

During 2006, 51 clinically healthy pregnant women in
heir first gestational trimester (mean gestational age 9.3 �
.6 wk) were consecutively enrolled on presentation to
valuate UIC in morning spot urine samples. Only pregnant
omen with a normal pregnancy and no personal history of

hyroid disease were included. As controls, 100 age-
atched clinically healthy non-pregnant women were in-

luded in the study. Controls and pregnant women were
esident in the urban area of Rome, Italy. The ages of the
ubjects ranged from 21 to 42 y, with mean ages of 32 and
0 y in pregnant and non-pregnant women, respectively.
ody mass index was not different between the two groups,
eing 25.1 � 3.0 kg/m2 in non-pregnant controls and 25.8 �
.6 kg/m2 in pregnant women. Parity in pregnant and con-
rol women did not differ significantly, with mean values of
.8 � 0.7 and 0.9 � 0.8, respectively. All subjects included
n the study claimed to use iodized salt liberally. However,
one of the subjects studied were taking drugs or vitamins/

ineral tablets containing an iodine supplement that could d
ave affected UIC. Informed consent was obtained from
ach subject.

rinary iodine measurement

Upon collection, morning urine samples were centri-
uged at 1500 rpm for 10 min and supernatants stored at
20°C until analyzed. The UIC determinations were per-

ormed by the Sandell-Kolthoff method after sample diges-
ion by the wet-ash method and expressed as micrograms
er liter. Specificity of the assay was confirmed by the
arallelism between the standard curve and that obtained
ith three different dilutions of a urine pool (data not

hown). The recovery of the assay was 95.4 � 2.4%. The
ntra- and interassay coefficients of variation were 8.4%
n � 10) and 11.0% (n � 10), respectively.

tatistical analysis

The UIC was expressed as micrograms per liter. The
tatistical significance of differences between group-related
eans was analyzed by the non-parametric Wilcoxon test.
dditionally, the statistical analysis, by the chi-square test,
as enlarged to the number of observations (occurrences) in
hich the UICs were found to be below the lowest limit for
ormalcy, i.e., 100 �g/L in non-gestational conditions and
50 �g/L during pregnancy, as established by the WHO/
NICEF/ICCIDD in their recommendations [4,5,11,12]. In
oth statistical contrasts, the differences were considered to
e statistically significant if the pertaining P values were
0.05.

esults

In this study, we found that the median UIC in the
ontrol women was equal to 182 �g/L (range 85–340 �g/L),
hereas than in pregnant women was equal to 74 �g/L

range 17–243 �g/L; Fig. 1). This difference was found to
e highly statistically significant (P � 0.001) by the Wil-
oxon test.

Furthermore, we detected that the occurrences of a lower
IC, with respect to the WHO/UNICEF/ICCIDD limits of
ormalcy, were substantially different, being equal to 4% in
on-pregnant women and 92% in pregnant women. This
ifference was found to be highly statistically significant
P � 0.001) by the chi-square test.

iscussion

Because of the hormonal changes that affect thyroid
unction and the increased urinary iodide excretion during
regnancy, to prevent maternofetal disorders due to iodine

eficiency the WHO/UNICEF/ICCIDD established that for
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given population the median UIC for pregnant women
ust be 150–249 �g/L [11,12].
In the present observational study, performed in 2006,

y after the introduction of the salt iodination program in
he urban area of Rome (Italy), we found that the recom-
ended iodine excretion rate was detectable in 96% of

on-pregnant women compared with 8% in pregnant
omen. This documented deficit implies that, even in urban

reas with adequate iodine nutrition, mothers and their fe-
uses may be at risk of iodine deficiency disorders, including
iscarriages, stillbirths, and inadequate development and
aturation of the fetal brain.
In the United States and Switzerland, where iodine sup-

lementation has been in place for several decades, in-
reased urinary excretion during pregnancy and especially
uring the first trimester has been documented [4,18,19].
owever, different studies performed in urban areas of
hina and Iran with adequate iodine intake in the general
opulation and where iodine supplementation was initiated
nly a few years before the studies were done showed an
nchanged or reduced UIC in pregnancy [16,17]. In partic-

ig. 1. Urinary iodine concentrations in 100 clinically healthy non-pregnant
omen and 51 clinically healthy pregnant women at the first trimester of a
hysiologic gestation were determined in morning spot urine samples.
ifferences between group-related means were highly statistically signif-

cant (P � 0.001) as analyzed by the non-parametric Wilcoxon test. Also
ighly statistically significant was the difference in the number of occurrences
or values that were below the WHO, United Nations Children’s Fund, and
nternational Council for the Control of Iodine Deficiency Disorders lower
edian reference limits in each investigated group (P � 0.001) as analyzed by

he chi-square test. WHO, World Health Organization.
lar, the study in Iran showed that half of the pregnancies
ad urinary iodine excretion below 200 �g/L, whereas in
hina the median iodine excretion in pregnancy was 50
g/L lower than in non-pregnant women, despite adequate

odine intake in the general population [16,17]. This finding
ppears to be confirmed in the present observational study,
here the salt iodination program was established the pre-
ious year. All of this suggests that in areas of moderate
odine deficiency, iodine prophylaxis, in the short period, is
ble to guarantee adequate iodine intake in the general
opulation, but not in pregnancy when increased iodine
ntake is required.

A recent survey showed that even in the United States,
here pregnant women have an adequate median UIC (173
g/L), the lower 95% confidential interval showed an UIC
elow 150 �g/L [5,19]. Furthermore, a recent report from
he Boston (Massachusetts) area showed that approximately
alf of pregnant women had UICs below 150 �g/L and 9%
ad values below 50 �g/L, with the latter being consistent
ith severe to moderate iodine deficiency [20]. These find-

ngs led the Public Health Committee of the American
hyroid Association to recommend a supplementation of
50 �g of iodine per day during pregnancy in the United
tates and Canada [4]. In addition, studies from the north-
ast of England and from Australia, in which the popula-
ions are assumed to be replete in iodine, demonstrated
nsufficient UICs in about 50% of pregnant women [21,22].
ll together these findings suggest that Universal Salt Io-
ination programs may not be adequate for individual preg-
ant woman, especially in countries in which Universal Salt
odination programs have been recently introduced or in
onditions with unstable dietary iodine intake [18].

onclusions

We demonstrated that in areas with recently established
alt iodination programs, despite adequate iodine intake in
on-pregnant women, the majority of pregnant women
howed insufficient iodine intake. This indicates that rele-
ant professionals should monitor iodine nutrition during
estation and the need of iodine supplementation in preg-
ancy.
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