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Iodine deficiency is an important clinical and public health problem. Its prevention begins with an adequate intake of iodine during pregnancy.

International agencies recommend at least 200mg iodine per d for pregnant women. We assessed whether iodine concentrations in the amniotic

fluid of healthy pregnant women are independent of iodine intake. This cross-sectional, non-interventional study included 365 consecutive women

who underwent amniocentesis to determine the fetal karyotype. The amniocentesis was performed with abdominal antisepsis using chlorhexidine.

The iodine concentration was measured in urine and amniotic fluid. The study variables were the intake of iodized salt and multivitamin

supplements or the prescription of a KI supplement. The mean level of urinary iodine was 139·0 (SD 94·5)mg/l and of amniotic fluid 15·81

(SD 7·09)mg/l. The women who consumed iodized salt and those who took a KI supplement had significantly higher levels of urinary iodine

than those who did not (P¼0·01 and P¼0·004, respectively). The urinary iodine levels were not significantly different in the women who

took a multivitamin supplement compared with those who did not take this supplement, independently of iodine concentration or multivitamin

supplement. The concentrations of iodine in the amniotic fluid were similar, independent of the dietary iodine intake. Urine and amniotic fluid

iodine concentrations were weakly correlated, although the amniotic fluid values were no higher in those women taking a KI supplement. KI

prescription at recommended doses increases the iodine levels in the mother without influencing the iodine levels in the amniotic fluid.

Iodine: Amniotic fluid: Pregnancy

Although marked physiological differences exist between the
maternal and fetal thyroids, both systems interact through
the placenta and the amniotic fluid, modulating the transfer
of iodine and small but biologically important amounts of
thyroid hormones from the mother to the fetus(1). Prior to
the end of the first trimester, when the fetal thyroid gland
and the pituitary-thyroid axis become functional, the thyroid
hormones required by the fetus are all obtained from the
maternal circulation(2).
The volume and content of amniotic fluid is the result of a

balance between the urine and the fetal pulmonary fluids, the
amount of fluid that is reabsorbed or swallowed by the fetus(3)

and transfer of water and solutes across the fetal membranes.
Animal studies have demonstrated a rapid exchange between

the mother and fetus and between the fetus and the amniotic
fluid, suggesting that the amniotic fluid could act as an iodine

reservoir for the fetus(4). Etling et al.(5) found high levels of
iodine in the amniotic fluid of women who had undergone uro-
graphic examinations with iodized contrast materials or who
had been exposed to iodized agents vaginally. However,
few studies have investigated the iodine concentration in the
amniotic fluid of human subjects and these only examined
the influence of the overload of high iodine concentrations.
Nevertheless, the effect of physiological amounts of iodine
intake in healthy pregnant women has not been studied
sufficiently.

The aim of the present study was to determine the iodine
concentrations in urine and amniotic fluid during the 14th–
22nd weeks of pregnancy in a series of pregnant women and
compare the results with those of previous observations
suggesting that iodine concentrations in amniotic fluid are
influenced by the amount of iodine intake(5).
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Materials and methods

The present study, conducted during the first half of 2006,
included 365 Caucasian women seen consecutively at the
Foetal Medicine Office of the Department of Obstetrics and
Gynaecology of Carlos Haya University Hospital, Malaga,
Spain. The sample size was calculated from the urinary
iodine levels in pregnant women in previous studies by us(6),
giving a final sample error of ,1%.

The women were referred to this prenatal diagnosis office
from both primary care and the High-Risk Obstetrics Office
to undergo genetic amniocentesis to determine the fetal karyo-
type. The amniocentesis was undertaken during gestation
week 16·1 (SD 1·4) (range 14·0–22·2). Those women with
an abnormal fetal karyotype were excluded from the study.
All the women gave informed consent to the study, which
was approved by the Ethics and Clinical Research Committee
of Carlos Haya University Hospital.

The variables, collected from the clinical and obstetrical his-
tory, included age of the mother, gestational age, intake of
iodized salt, multivitamin supplements and KI supplements.
No woman took herbal products, had used iodized disinfectants
recently (iodized povidone) or had undergone medical examin-
ations involving radiological contrastmaterial.Thewomenhada
normal renal and thyroid function. Gestational age was calcu-
lated as the time between the first day of the last menstrual
period and the date on which the measurement took place.

Amniocentesis was performed with the usual technique in
our hospital, with abdominal antisepsis using chlorhexidine
(in no case was iodized povidone used) and ultrasound-
guided amniotic cavity puncture, extracting 20ml amniotic
fluid. During the office visit but prior to the amniocentesis,
all the women provided a urine sample. The iodine concen-
tration in the urine was measured by the modified Benotti
and Benotti technique(7) and in the amniotic fluid with a modi-
fication of this method: amniotic fluid samples (0·1ml) and
standards ranging from 0 to 40mg/l (0·1ml) were digested
with 0·6ml chloric acid solution at 1108C for 90min. After
heating, 0·4ml water, a solution of arsenious acid (0·2ml)

and ceric ammonium sulphate solution (0·2ml) were added
to each tube. The absorbance of each sample was measured
20min later at 420 nm with a spectrophotometer. In urine
samples the intra- and inter-assay CV was 3·2% and 3·5%,
respectively, and in the amniotic fluid samples the intra- and
inter-assay CV was 11·9% and 14·8%, respectively.

The continuous variables are shown as means and standard
deviations and the discrete variables as percentages. Compari-
sons between means were made with the Mann–Whitney test.
Values were considered to be statistically significant when
P#0·05. The Pearson correlation coefficient was calculated
to estimate the linear correlation between iodine in urine
and amniotic fluid.

Results

The mean age of the women was 37·8 (SD 3·1) years (range
25·1–45·0). The mean urinary iodine concentration was
139·0 (SD 94·5)mg/l (range 10·6–546·2), the median concen-
tration being 117·6mg/l. Of the women, 40% had urinary
iodine concentrations below 100mg/l. The mean iodine con-
centration in the amniotic fluid was 15·81 (SD 7·09)mg/l
(range 2·50–42·50). The iodine concentration in the urine
was ten-fold that of the concentration in the amniotic fluid
(iodine in urine/iodine in amniotic fluid: 10·66 (SD 9·13);
range 0·16–79·08). The CV were 68% for iodine in urine
and 44% for iodine in the amniotic fluid, indicating a greater
variability in the concentration of iodine in the urine than in
the amniotic fluid. A weak but significant linear correlation
was found between the iodine concentrations in urine and
amniotic fluid (r 0·11, P¼0·03).

The women who consumed iodized salt or those who had a
KI supplement had significantly higher urinary iodine concen-
trations than those who did not (P¼0·01 and P¼0·004,
respectively) (Table 1). As expected, the urinary iodine
concentrations were significantly higher in those women
who took iodized salt and a KI supplement (P,0·001)
(Table 1). A total of ninety-eight women took various
multivitamin supplements. In twenty of those women, the

Table 1. Levels of iodine in urine iodine, in amniotic fluid and iodine in urine/iodine in amniotic fluid according to the intake of
multivitamin supplements, iodized salt and potassium iodine**

(Means and standard deviations)

Urinary iodine
(mg/l)

Iodine in
amniotic fluid

(mg/l)

Iodine in
urine/iodine in
amniotic fluid

n % Mean SD Mean SD Mean SD

Multivitamin supplements No 267 73·2 132·9 95·8 15·64 7·04 10·11 8·36
Yes 98 26·8 145·4 90·6 16·20 6·62 10·62 8·15

Multivitamin supplements with iodine No 345 94·5 135·8 94·4 15·78 6·86 10·23 8·35
Yes 20 5·5 145·9 93·7 17·08 8·29 10·41 7·46

Iodized salt No 220 60·3 127·1 85·7 15·50 7·28 9·86 8·03
Yes 145 39·7 154·4* 105·7 16·05 6·78 11·55§ 9·06

KIk No 290 79·5 128·5 81·7 15·71 7·05 9·80 7·88
Yes 75 20·5 174·8† 127·4 15·80 6·88 12·88* 9·79

Iodized salt þKI No 189{ 51·8 122·6 80·8 15·61 7·23 9·49 8·11
Yes 44 12·1 195·4‡ 136·5 16·59 6·30 14·00* 11·08

*P¼0·01; †P¼0·004; ‡P,0·001; §P¼0·008.
k100–200mg/d.
{Women who only took one of the two (iodized salt or KI) are not included in this group.
** For details of subjects and procedures, see Materials and methods.
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multivitamin supplements contained amounts of iodine ran-
ging from 20 to 200mg. The urinary iodine concentrations in
thewomenwho tookmultivitamin supplements were not signifi-
cantly different to those in the other women, independent of the
iodine concentration in the multivitamin supplement (Table 1).
The iodine concentrations in the amniotic fluid were also
independent of the dietary intake of iodine (Table 1).
Finally, the ratio of iodine in urine:iodine in amniotic fluid

followed a similar pattern to the iodine concentrations in
urine, although the intake of iodized salt failed to divide the
study population into two significantly distinct sub-samples
(P¼0·08) (Table 1).

Discussion

The most important finding in the present study was that
the concentration of iodine in the amniotic fluid during the
14th–22nd weeks of pregnancy was not influenced by the
amount of iodine consumed in the diet or by the doses of
KI supplements.
Iodine deficiency is one of the most important public health

problems in the world(8) and in Europe(9), including Spain(10).
The median concentration of urinary iodine in the pregnant
women in this study was 117·6mg/l, with 40% of them
having urinary iodine concentrations below 100mg/l. Previous
studies by our group have shown that the dietary intake of
iodine by pregnant women from Malaga during 2002 and
2003 was deficient, with a median urinary iodine concen-
tration of about 90mg/l(6).
Pregnancy results in increased iodine requirements. It is there-

fore necessary to supplement iodine intake with iodized salt or a
preparation containing a convenient amount of KI, especially in
those populationswhere iodine intake is low(11). Until 2004, sup-
plementary iodine was administered in Spain in the form ofmul-
tivitamin preparations that either contained an insufficient
amount of iodine or, in order to achieve an adequate intake,
required the additional consumption of unnecessarily high
amounts of many other compounds, such as vitamin A, which
has potential toxic effects during pregnancy(12). In 2004 a KI
supplement was placed on the market, enabling individualized
prescription of the recommended amount of iodine. Since
then, the practice of prescribing a 200mg supplement of iodine
and potassium has become general. This has resulted in the find-
ing in the present study of a slight rise in the urinary iodine con-
centrations in pregnant women as compared with the previous
study(6). Notwithstanding this, only 21·6% of the women in
the current study took this supplement.
As expected, the urinary iodine concentrations in the preg-

nant women were clearly dependent on the dietary intake of
iodine. The concentrations were higher in the women who
took a KI supplement and significantly higher, too, in those
who consumed iodized salt. Those women who had taken mul-
tivitamin supplements, however, showed no change in their
urinary iodine concentrations, even though many of these
preparations contain variable amounts of iodine. These results
support the recommendation that, if we wish to achieve the
objectives of an adequate iodine intake during pregnancy, an
active prescription of an iodine preparation that can be admin-
istered independently is preferable.
The results of the present study are rather unexpected, as the

few studies examining the iodine concentration in amniotic

fluid found that it was influenced by environmental iodine.
Animal studies using a double tracer with I131 and I125

showed a rapid exchange between the mother and the fetus
and between the fetus and the amniotic fluid, suggesting that
amniotic fluid could act as an iodine reservoir for the
fetus(4). Etling et al.(5) examined 218 samples of amniotic
fluid collected at varying times during pregnancy and found
high levels of iodine in women who had undergone urographic
studies with iodized contrast material or who had been
exposed to iodized agents intravaginally. Iodized agents used
as disinfectants or as contrast agents are known to have an
amount of iodine that may even be thousands of times greater
than that obtained from the diet(13). Vaginal douching with
povidone-iodine during pregnancy results in maternal iodine
overload and increases the iodine content of amniotic
fluid(14). However, none of these studies examined the influ-
ence of iodine from the diet or from iodine supplements.

The iodine required for the functioning of the fetal thyroid
gland comes from the circulating iodine in the mother and the
deiodinization of iodothyronines in the placenta(1,11,15). We
found a weak linear correlation between the iodine in the
urine and that in the amniotic fluid. However, this appears
to be just a statistical association rather than a relevant bio-
logical association, as the iodine concentration in the amniotic
fluid was not associated with dietary variation of iodine, as
occurs in the urine of the mother. On the other hand, iodine
levels in the amniotic fluid are relatively constant between
women and the iodine concentration was some ten times
less in the amniotic fluid than in the maternal urine. This find-
ing could suggest that the mother has a regulatory mechanism
for maintaining amniotic fluid levels of iodine(16), irrespective
of dietary levels.

In conclusion, the present study shows that the concen-
tration of iodine in the amniotic fluid of pregnant women
during the 14th–22nd weeks of pregnancy is not influenced
by the amount of dietary iodine. This may have certain impli-
cations in clinical practice. A reasonably generalized consen-
sus exists about the convenience of prescribing at least 200mg
of KI for all pregnant women in populations with a mild
iodine deficiency, as occurs in most European countries(17).
Nevertheless, before prescribing, many clinicians still require
an individualized approach to the iodine deficiency, which is
not very realistic, or type A evidence of its benefit in older
children, about which few studies have been undertaken, or
else clinical guarantees that are difficult to satisfy about the
iatrogenic potential that a supplementary iodine dose has in
some women. The results of this study show that increasing
the amount of dietary iodine raises the iodine pool in the
mother with no increase of iodine in the amniotic fluid. This
will help to achieve adequate levels of thyroxine in the
mother and, consequently, adequate transfer of thyroxine to
the fetus during the early period of development(2), at the
same time avoiding the risk of an excessive increase of
iodine in the fetal economy.
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