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Abstract

Introduction: lodine deficiency is linked to thyroid dysfunction, particularly in pregnant women.
The objective of this study was to ascertain the iodine levels of women in the second trimester
of pregnancy, analysing the influence of iodine ingestion on urinary iodine concentration (UIC)
and maternal thyroid function.

Methods: A prospective observational study of pregnant women from Health Area IV of Asturias
(northern Spain) recruited before 13 weeks of gestation between May and June 2017. A ques-
tionnaire on iodine intake was completed at the first visit, and urine and serum samples were
collected at baseline and again during the second trimester. UIC, thyroid stimulating hormone
(TSH) and free thyroxine (FT4) obtained in the second trimester of gestation were analysed
and related to iodine intake. Thyroid autoimmunity was also analysed in half of the pregnant
women at baseline.

Results: A total of 241 pregnant women were studied. Of these, 56.7% used iodised salt, 46.7%
consumed >2 servings of dairy products daily and 88.1% took iodine supplements. Median UIC
was 191 ug/l (135.3-294 ug/l), with 68.1% of the women having UIC >150 pg/l. Only iodised
salt consumption provided protection against iodine deficiency (odds ratio 0.35 [0.20-0.63],
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Introduction

p=0.001). In women with no autoimmune thyroid disease (n = 88), mean levels of TSH were lower
in those that consumed iodised salt than in those that did not (respectively, 2.08 +0.89 miU/l
vs. 2.56 £1.02mlU/l, p=0.025). In women with autoimmune thyroid disease (n=30), mean
levels of TSH were higher in those that took iodine supplements than in those that did not
(respectively, 2.97 +1.25mlU/l vs. 1.16 0.41 mIU/l, p=0.002).

Conclusions: The pregnant women studied from Health Area IV in Asturias maintain adequate
nutritional iodine status in the second trimester of gestation. In our sample, only the consump-
tion of iodised salt was associated with adequate iodine nutrition, without affecting maternal
thyroid function. Most of the women used iodine supplements, which was linked to higher levels
of TSH in pregnant women with autoimmune thyroid disease.

© 2022 SEEN y SED. Published by Elsevier Espana, S.L.U. All rights reserved.

Estado de nutricion de yodo en gestantes del norte de Espaiia. Efecto de la sal
yodada y los suplementos yodados sobre la funcion tiroidea

Resumen

Introduccion: La deficiencia de yodo se relaciona con disfuncion tiroidea, especialmente en las
gestantes. El objetivo del estudio fue conocer los niveles de yodo de las mujeres en el segundo
trimestre de gestacion, analizando la influencia de la ingesta de yodo sobre la concentracion
urinaria de yodo (urinary iodine concentration [UIC]) y la funcion tiroidea materna.

Métodos: Estudio observacional prospectivo realizado en gestantes del Area Sanitaria IV de
Asturias (norte de Espaia) reclutadas antes de la semana 13 de gestacion entre mayo y junio de
2017. Se completo un cuestionario sobre la ingesta de yodo en la primera visita y se recogieron
muestras de orina y de suero al inicio del embarazo y durante el segundo trimestre. Se analizaron
la UIC, la hormona estimulante del tiroides (thyroid stimulating hormone [TSH]) y la tiroxina
libre (FT4) obtenidas en el segundo trimestre de gestacion y se relacionaron con la ingesta de
yodo. También se analizé la autoinmunidad tiroidea en la mitad de las gestantes al inicio del
embarazo.

Resultados: Se estudiaron un total de 241 mujeres embarazadas. De ellas, el 56,7% utilizaban
sal yodada, el 46,7% consumian >2 raciones de productos lacteos al dia y el 88,1% tomaban
suplementos yodados. La mediana de UIC fue de 191 pg/l (135,3-294 ug/l), y el 68,1% de las
mujeres tenian una UIC >150 pg/L. Solo el consumo de sal yodada proporcioné proteccion contra
la deficiencia de yodo (odds ratio: 0,35 [IC 95%: 0,20-0,63], p=0,001). En las mujeres sin enfer-
medad tiroidea autoinmune (n =88) la TSH media fue mas baja en las que consumian sal yodada
frente a las que no la consumian (respectivamente, 2,08 40,89 mIU/l frente a 2,56 & 1,02 mIU/(,
p=0,025). En las mujeres con enfermedad tiroidea autoinmune (n=30) la TSH media fue mayor
en las que tomaron suplementos de yodo frente a las que no lo hicieron (respectivamente,
2,97 £1,25mlU/l frente a 1,16 0,41 mIU/L, p=0,002).

Conclusiones: Las gestantes del Area Sanitaria IV de Asturias mantienen un adecuado estado
nutricional de yodo en el segundo trimestre de la gestacion. En nuestra muestra solo el consumo
de sal yodada se relaciono con una adecuada nutricion de yodo, sin afectar a la funcion tiroidea
materna. La mayoria de las mujeres utilizaron suplementos de yodo, lo que se relaciond con
niveles mas altos de TSH en gestantes con enfermedad tiroidea autoinmune.

© 2022 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Pregnant women constitute one of the most vulnera-
ble groups due to their need for increased ingestion of

lodine is an essential micronutrient for the formation of the
thyroid hormones. This element is only acquired through
the diet and iodine deficiency is associated with a group
of adverse effects, known as iodine deficiency disorder
(IDD), which include goitre, thyroid hormone changes and
increased incidence of miscarriage, perinatal mortality and
congenital abnormalities.’

iodine and because of the serious consequences that iodine
deficiency may have on the foetus, principally disorders
related to growth and neurodevelopment.? Indeed, this is
the biggest cause of preventable neurological damage in the
world.

The most important measure for avoiding iodine defi-
ciency in the general population is the universal addition
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of iodine to salt.? It is estimated that 88% of the world pop-
ulation use iodised salt, resulting in the populations of 118
of 152 countries studied having adequate nutritional iodine
status. However, many of these countries have studies in
the pregnant population that show iodine deficiency and, in
many others, there are no studies available.“ Since the use of
iodised salt is not universal (used in over 90% of homes) and
iodine sufficiency has not been achieved in the general pop-
ulation, the World Health Organization (WHO) and multiple
scientific societies, such as the American Thyroid Associa-
tion (ATA), the Endocrine Society and the European Thyroid
Association, recommend the use of iodine supplements for
pregnant women.

The use of such supplements has proved to be an effec-
tive measure in reducing the incidence of IDD, particularly
in areas with a severe deficit of iodine. That said, their gen-
eralised use can lead to iodine excess, which has been linked
to deterioration in thyroid function. Excessive ingestion of
iodine temporarily inhibits the synthesis of thyroid hormones
as a result of a mechanism known as the Wolff-Chaikoff
effect.® In healthy individuals, the thyroid ‘escapes’ from
this effect and recovers normal function after a few days.
However, in individuals with thyroid disorders, especially
Hashimoto thyroiditis, there is a fault in this ‘escape’ system
which may set in motion iodine-induced hypothyroidism.®
An increased tendency to maternal hypothyroidism and
hypothyroxinaemia in pregnant women has been reported,
even when ingestion of iodine is only slightly above the
required levels.” In addition, the foetal thyroid may also
be affected by an excess of iodine since it is not mature
enough to have a fully developed Wolff-Chaikoff effect
escape mechanism until the 36th week of gestation.®

Asturias (in northern Spain) is a region without iodine
deficiency in the general population since 2000, and ade-
quate iodine nutritional status in pregnant women in Health
Area IV of Asturias was demonstrated in 2014. Based on these
results, a technical report from the Regional Health Depart-
ment of Asturias was published in 2015 that recommended
the prescription of individualised iodine supplementation
in pregnant women, according to iodine intake. Thus, if
pregnant women have a regular intake of iodised salt and
consume three or more servings of dairy products per day,
iodine supplementation is not indicated. Otherwise, the
midwife indicates the supplementation from the first visit.
Data from the 2017 update have been published, which indi-
cates an optimal nutritional status of iodine in the pregnant
population in the first trimester of gestation.’

The aim of this study was to find out whether
pregnant women in Health Area IV maintain adequate
nutritional iodine levels in their second trimester. The
influence of iodine ingestion on UIC and maternal thy-
roid function, as well as the relationship between them,
was also investigated. Finally, an additional objective of
the study was to compare the results of ioduria and
thyroid function in the first and second trimester of
gestation.

Materials and methods

Study population

A prospective, observational, descriptive and analytical
study was conducted in pregnant women. Recruitment was
carried out among all the pregnant women that attended
their initial visit to a midwife between May and June 2017
at their health centre in Health Area IV, the central region
of Asturias, with a population of over 330,000 inhabitants.

The inclusion criteria for the study were: pregnant
women over 18 years old, gestation of less than 13 weeks
and signed informed consent. The following exclusion cri-
teria were applied: multiple gestation, diagnosis of thyroid
dysfunction before the pregnancy, treatment within the last
three months with thyroid hormones or any product con-
taining high iodine levels. Pregnant women with levels of
thyroid stimulating hormone (TSH) greater than 4.5mlU/l
during the first trimester were diagnosed with gestational
hypothyroidism, according to the normal values calculated
for our health area, and were excluded from this study. A
flow diagram is included in Fig. 1.

The study was approved by the Clinical Studies Ethics
Committee of the Principality of Asturias. All participants
signed informed consent forms.

Variables studied

On the women’s first visit to the midwife they completed
a questionnaire to evaluate their ingestion of iodine which
included questions related to their habitual consumption
of iodised salt and dairy products (daily servings of milk,
yoghurt and cheese), as well as whether they took iodine
supplements.

UIC, TSH and free thyroxine (FT4) levels were measured
in the first trimester and again in the second trimester. To
determine UIC, a random urine sample was collected and
submitted to inductively coupled plasma mass spectrom-
etry (ICP-MS) using an ICP-MS 7700x system (from Agilent
Technologies, Santa Clara, CA, USA). Good linearity was
achieved between 10 and 450 g/l (R? > 0.99), with an intra-
laboratory imprecision of <2.9% and a total error of <7.3%.

At the same time, a blood sample was taken to determine
levels of TSH, FT4 and thyroid autoimmunity (antiperoxi-
dase antibodies [TPOAb] and anti-thyroglobulin antibodies
[TgAb]). These variables were analysed with electrochemi-
luminescence (Roche Diagnostics, Basel, Switzerland). The
coefficient of variation of TSH was 0.8-2.9% and that for
FT4 was 1.8-3.2%. For the second trimester, the reference
interval for TSH in Health Area IV was 0.80-5.80mIU/l and
that for FT4 was 0.70-1.20ng/dl. The assessment of thy-
roid autoimmunity was performed only in the first trimester
of gestation. The presence of positive TPOAb (>34IU/ml)
and/or TgAb (>181U/ml) without thyroid dysfunction was
termed ‘‘autoimmune thyroid disease’’.
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Inclusion criteria: )

e Over 18 years

e Qestation less than 13 weeks

e Signed consent

Exclusion criteria:

e Multiple gestation

e Diagnosed with thyroid
dysfunction prior to pregnancy

e Treatment with thyroid
hormones or products high in
iodine in previous three

\ . J

Figure 1

Statistical analysis

A descriptive analysis was performed to obtain relative and
absolute frequencies for qualitative variables, and position
and dispersion measurements for quantitative variables. The
differences between numerical variables were examined
using the Student’s t-test or Wilcoxon test for indepen-
dent samples, depending on whether or not the hypothesis
of equality was verified. In the case of groups of three or
more variables, either an ANOVA or a Kruskal-Wallis test
was used, depending on whether the hypothesis of normality
and/or homoscedasticity was met. The relationship between
two qualitative variables was evaluated by Pearson’s chi-
squared test or Fisher’s exact test, and a McNemar test was
applied in cases of paired proportions. To assess which varia-
bles of iodine intake could be protective factors against
iodine deficiency, a multivariate binary logistic regression
model was developed to predict UIC levels below 150 pg/L.
The independent variables used were habitual consumption
of iodised salt and dairy products (daily servings of milk,
yoghurt and cheese), and use of iodine supplements.

The data were registered in ACCESS-SQL 2010 and the
statistical analysis was conducted using the program R (R
Development Core Team), version 3.6.0, applying a level of
significance of 0.05.

Results

Of the 332 pregnant women recruited to the study, 14 were
rejected on the basis of one or more of the exclusion cri-
teria. Loss of subjects during the study was the result of
miscarriage (n=47), diagnosis of gestational hypothyroidism
detected in the first trimester of pregnancy (n=17), or
because the patient did not comply with the follow-up reg-
imen (n=13). A total of 241 pregnant women finished the

Recruited,

n=332

Excluded,
n=14

\4

Included in the
study, n=318

Miscarriages n = 47
Gestational
hypothyroidism, n= 17
Lost in follow-up, n= 13

Finished the study,
n=241

Flow diagram showing the inclusion and exclusion criteria for participation in the study.

study (Fig. 1). The average age was 34.1 +5.1 years and the
average gestational age was 25.5 +2.6 weeks.

A total of 56.7% of the women habitually used iodised
salt. In terms of the consumption of dairy products, 46.7%
of the women consumed two or more servings a day, with an
average consumption of 1.82 +0.95 servings a day. Finally,
88.1% of the pregnant women studied took iodine supple-
ments.

Urinary iodine concentration

Median UIC in the second trimester of pregnancy was
191 g/l (interquartile range [IR]: 135.3-294 ug/l). The dis-
tribution of ioduria is shown in Fig. 2. A comparison of these
results with those obtained in the first trimester of ges-
tation, showed a significant increase in UIC in the second
trimester (p=0.02).

In 68.1% of cases, the women had a UIC of 150 ug/l or
above. In 31.9%, deficient ioduria was recorded (67.6% with
mild deficiency), while levels were adequate in 36.6%. In
a further 27.6%, ioduria was evaluated as ‘more than ade-
quate’, and in 3.9% as ‘excessive’.

The relationship between ingestion of iodine and UIC was
examined through both univariate and multivariate analysis,
summarised in Table 1. In the univariate analysis, the con-
sumption of iodised salt was associated with UIC >150 g/l
(p<0.001). The consumption of at least one glass of milk a
day was associated with UIC >150 ug/l (p=0.041), although
other dairy products and iodine supplements were not.
In the multivariate binary logistic regression analysis, UIC
<150 ng/l was used as a dependent variable. The items on
the iodine consumption questionnaire were considered as
independent variables. In this analysis, the consumption of
iodised salt was linked to a protection against iodine insuf-
ficiency (odds ratio [OR] 0.35 [0.20-0.63], p=0.001). This
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Frequency (%)

T I'. T .l | i
0 100 200 300 400 500 600 700
Urinary iodine concentration (ug/L)
Figure 2  Histogram of urinary iodine concentration (ug/l) in the second trimester of pregnancy. The dotted lines indicate the

upper and lower limits of adequate iodine level. UIC: urinary iodine concentration.

Table 1 Relationship between UIC and nutritional intake of iodine. Univariate analysis and multivariate binary logistic regression
were carried out using UIC <150 ng/l as a dependent variable.

Univariate analysis Multivariate analysis
n UIC >150 png/L (%)  UIC <150 g/l (%)  OR 95% Cl p OR 95% Cl p
lodised salt
No 88 49.4 50.6 - - - - - -
Yes 124 73.4 26.6 0.35 0.20-0.63 <0.001 0.35 0.20-0.63 0.001
Milk?
0 servings 54 50.0 50.0 = = = = = =
>1serving 187 65.9 34.1 0.52 0.27-0.97 0.041 0.56 0.27-1.14  0.107
Yoghurts®
0 yoghurts 84 55.0 45.0 - - - - - -
>1 yoghurt 152 66.4 33.6 0.62 0.35-1.08 0.088 0.80 0.43-1.52  0.493
Cheese“
No 189 61.4 38.6 - - - - - -
Yes 52 66.7 33.3 0.80 0.40-1.54 0.504 0.77 0.36-1.55 0.468
lodine supplements
No 29 60.9 39.1 - - - - - -
Yes 212 63.1 36.9 0.91 0.38-2.28 0.835 0.58 0.21-1.60 0.284

UIC: urinary iodine concentration; OR: odds ratio; Cl: confidence interval.
a Glasses/day.

b Yoghurts/day.

¢ Daily consumption of cheese.
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Table 2  Results of thyroid function tests by autoimmune thyroid disease status and according to nutritional intake of iodine.

No autoimmune thyroid disease

Autoimmune thyroid disease

n TSH (mlIU/1) p n TSH (mlIU/1) p

lodised salt

No 34 2.56 + 1.02 10 2.75 + 0.96

Yes 50 2.08 + 0.89 e 15 2.81 + 1.61 L)
Servings of dairy products

<3 servings 63 2.24 £+ 0.86 0.216 21 2.84 +1.33 0.496

>3 servings 23 2.52 +1.38 : 8 2.47 £1.34 :
lodine supplements

No 9 2.23 £ 1.73 9 1.16 &+ 0.41

Yes 76 2.29 + 0.89 Ll 20 2.97 + 1.25 oz
TSH: thyroid stimulating hormone.

protective effect was not seen for either the consumption Discussion

of milk and dairy products or the use of iodine supplements.

Thyroid function

Data relating to thyroid function and thyroid autoimmunity
was collected from 118 pregnant women.

There were 88 women with no autoimmune thyroid dis-
ease, their average TSH being 2.29 +0.96 mIU/l and average
FT4 0.97 +0.12ng/dl. A comparison of these results with
those obtained in the first trimester, showed no differ-
ence in levels of TSH (p=0.66) and a decrease in levels
of FT4 in the second trimester (p<0.01). For 64.8% of
these women, TSH levels were <2.5mlU/L. In the group of
30 women with autoimmune thyroid disease, aver-
age TSH was 2.76 £1.30mlU/l, and average FT4 was
0.994+0.17ng/dl (no statistically significant difference
between the first and second trimesters). Of these women,
40.0% had TSH levels <2.5mlU/L.

The relationship between maternal thyroid function and
nutritional iodine intake was analysed with no statisti-
cally significant differences. In a second approach, the
analysis was carried out separately for those women with
and without autoimmune thyroid disease (Table 2). Those
pregnant women without autoimmune thyroid disease that
consumed iodised salt had levels of TSH below those that
did not (2.08 £0.89mIU/l vs. 2.56 +1.02 mIU/l, p=0.025),
and there was no difference depending on servings of dairy
products or the use of iodine supplements. With respect
to women with autoimmune thyroid disease, there was
no difference in terms of consumption of iodised salt or
dairy products, but those who were taking iodine sup-
plements had higher levels of TSH than those who did
not (2.97 +1.25mlU/l vs. 1.16 +0.41 mIU/l, p=0.002). Of
the women with autoimmune thyroid disease taking iodine
supplements, 77.8% had levels of TSH >2.5mlIU/L. No asso-
ciation was observed between FT4 and iodine intake.

Finally, the relationship between thyroid function and UIC
was examined after dividing the results according to thyroid
autoimmunity status, with no statistical differences found.

The pregnant women in our health area were found to have
adequate nutritional iodine status in the second trimester
of gestation, even with a mild increase in ioduria com-
pared to the first trimester results, with a median UIC
of 171.5ug/L.° In studies of populations not taking iodine
supplements, a decrease in ioduria is observed as the preg-
nancy progresses, probably related to the increasing iodine
requirements of the foetus over time, but also to increased
maternal renal clearance, the de-iodinising action of the
placenta and increased maternal thyroxine synthesis. In
a cross-sectional study conducted in China among 2378
iodine-sufficient pregnant women who were not given iodine
supplements, ' analysis of their UIC showed that, although
their iodine sufficiency was maintained in each trimester,
there was a progressive decrease in ioduria. This reduc-
tion in UIC has been described in both iodine-deficient'' and
iodine-sufficient'? populations of pregnant women. Mean-
while, in a randomised controlled trial conducted in Sweden
among 200 pregnant women assigned (1:1) to daily intake
of a multivitamin tablet with or without 150 ug of iodine, '3
ioduria and estimated urinary iodine excretion (eUIE) were
insufficient in both groups at the start of the trial. loduria
increased in the intervention group in the second trimester,
without reaching iodine sufficiency, and was maintained in
the third trimester, while a progressive decrease in ioduria
was observed in the control group. However, when analysing
eUIE, the intervention group reached iodine sufficiency in
the second and third trimester, while in the control group
eUIE decreased. In our study, 87.1% of the pregnant women
were taking iodine supplements,’ which could explain why
the UIC levels increased in the second trimester of preg-
nancy. Furthermore, an increased consumption of iodised
salt and dairy products may have occurred during pregnancy,
with a resultant increase in UIC levels.

The univariate analysis of the relationship between the
UIC and ingestion of iodine demonstrated that the con-
sumption of iodised salt and milk was associated with UIC
>150 pg/l. However, in the multivariate analysis of the
data, only the use of iodised salt provided a protective
effect against iodine deficiency in our sample of pregnant
women. These results are similar to those obtained in the
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first trimester,’ in line with previously published works,'* !>
which demonstrate that consumption of iodised salt is suf-
ficient to achieve adequate iodine intake in the pregnant
population, despite the fact that its consumption in Spain is
still low. According to the TIROGEST study, consumption of
iodised salt in Spanish pregnant women did not reach 50%
of households.’® On the other hand, our results highlight
that the use of iodine supplements, especially if not used
in the preconception period, may not be enough to guaran-
tee an adequate nutritional iodine status, as has been shown
in other studies."”

In our cohort of pregnant women, TSH remained sta-
ble in both the first and second trimester of gestation,
with a decrease in FT4 levels in the second trimester only
in pregnant women with no autoimmune thyroid disease.
The results in the literature are mixed. Corcino et al.'®
described an increase in TSH and a decrease in FT4 in the
third trimester, which they related to the decrease in ioduria
despite the participants in their study being iodine suffi-
cient. These same results were also observed in a study in
India, although in an iodine deficient population.'" However,
in the Swedish study,'? there were no significant differences
in thyroid function, both TSH and FT4, between trimesters,
and not even between the treated and the control groups.
Censi et al." found that women receiving iodine supple-
mentation had a decrease in TSH in the third trimester of
pregnancy compared to the control group, even though their
ioduria decreased to iodine deficiency in the third trimester,
but no difference in FT4 was found between the iodine sup-
plemented group and the control group. Recent systematic
reviews on the use of iodine supplementation in pregnant
women found inconsistent effects on thyroid function.?%2

In our study, the analysis of thyroid function with respect
to ingestion of iodine in women without autoimmune thy-
roid disease revealed that pregnant women who consume
iodised salt have levels of TSH below those of pregnant
women who do not, an effect not observed in relation to
iodine supplements. This can perhaps be explained by the
fact that the majority of pregnant women in Spain who
consume iodised salt do so for more than a year before get-
ting pregnant.'® Pre-conception consumption of iodised salt
guarantees that intrathyroidal iodine stores are full before
pregnancy, thus ensuring better adaptation to the increase
in iodine requirements during gestation.?® In contrast, when
there is a tendency for women to start taking iodine sup-
plements following conception,’ such women have higher
levels of TSH than those who begin to consume iodised salt
in the pre-conception period.?

On the other hand, the analysis of the thyroid function of
pregnant women with autoimmune thyroid disease who take
iodine supplements showed that they have higher levels of
TSH in the second trimester of gestation than those who do
not take supplements, results that were also observed in
the first trimester.?® This may, once again, be related to the
post-conception use of an iodine supplement and its greater
risk of failing to ‘escape’ the Wolff-Chaikoff effect, espe-
cially in patients who are more susceptible, such as those
with autoimmune thyroid disease.®

To achieve adequate iodine nutrition in the pregnant
women population, the WHO recommends daily ingestion of
250 g of iodine per day?* and the US Institute of Medicine
(IOM) recommends 220 ug.” That said, no safe maximum

limit for the consumption of iodine has been established for
pregnant women; the WHO recommends not taking more
than 500 g of iodine a day, while the IOM raises the upper
limit to 1100 ug. A Chinese observational study of 7190
women in the first trimester of pregnancy,?® published in
2015, found the lowest levels of TSH to be associated with
UIC of between 150 and 250 png/l, while the highest were
found in the group with UIC of over 250 ng/l, suggesting that
“*more than adequate’’ ioduria may have repercussions on
thyroid function. A review by Farebrother et al.?” concluded
that the incidence of thyroid dysfunction with respect to
iodine ingestion followed a U-shaped pattern. It is neces-
sary to know what the maximum limit for iodine ingestion
in the general population is because an excess ingestion
has not only been related to thyroid dysfunction, but also
to increased blood pressure, greater risk of metabolic syn-
dromes and alterations in lipid and glucose metabolism,?
Furthermore, UIC >400 p.g/l was found to be associated with
an increase in mortality in the general population.?’

On the basis of our results and previous studies,?® we
suggest that the excess of iodine associated with iodine sup-
plementation in pregnant women with autoimmune thyroid
disease may be associated with an increase in maternal TSH,
thereby increasing the risk of gestational hypothyroidism.
Indeed, 77.8% of the pregnant women in our study who had
autoimmune thyroid disease and were taking iodine sup-
plements had levels of TSH >2.5mlU/l, so treatment with
levothyroxine could be considered, according to the ATA
recommendations.>°

The principal limitation of our study is its sample size,
which allowed us to examine our principal objectives but did
not enable us to achieve statistically significant results with
respect to the relationship between UIC and thyroid func-
tion. Another limitation of our study is that the iodine intake
questionnaire was completed during the first visit to the mid-
wife but was not repeated in conjunction with the second
UIC and thyroid function follow-up. In addition, a high pro-
portion of the pregnant women in our study were taking
iodine supplements, which makes it difficult to draw solid
conclusions about the influence of the ingestion of iodine on
UIC and thyroid function, although this is partly corrected
by the multivariate binary logistic regression analysis car-
ried out. Finally, our research is an observational study, so
there may be confounding factors that could compromise
the obtained results.

Conclusions

The pregnant women studied from Health Area IV in Asturias
maintain adequate nutritional iodine status in the second
trimester of gestation, with increasing ioduria and stable
TSH with decreasing levels of FT4. In our sample of pregnant
women, only the consumption of iodised salt was associated
with adequate iodine nutrition, without affecting mater-
nal thyroid function. Most women used iodine supplements,
linked to higher levels of TSH in pregnant women with
autoimmune thyroid disease.

Funding

This research received no external funding.

168



Endocrinologia, Diabetes y Nutricion 70 (2023) 162-170

Authors’ contributions

Silvia Gonzalez-Martinez conceptualisation, data curation,
formal analysis, investigation, visualisation and writing of
original draft, and its review and editing. Eduardo Martinez-
Morillo data curation, resources, supervision and writing,
review and editing. Noelia Avello-Llano data curation,
resources, supervision and writing, review and editing.
Ana Isabel Escudero-Gomis conceptualisation, methodology,
supervision and writing, review and editing. Elias Delgado-
Alvarez conceptualisation, methodology, supervision and
writing, review and editing. Edelmiro Luis Menéndez-Torre
conceptualisation, data curation, methodology, project
administration, supervision and writing, review and editing.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

We wish to thank the midwives who collaborated in the
data collection and the pregnant women for participating
as volunteers.

References

1. Hetzel B. lodine deficiency disorders (IDD) and their
eradication.  Lancet. 1983;322:1126-9,  http://dx.doi.
org/10.1016/50140-6736(83)90636-0.

2. Pearce EN, Lazarus JH, Moreno-Reyes R, Zimmermann
MB. Consequences of iodine deficiency and excess
in pregnant women: an overview of current knowns
and unknowns. Am J Clin Nutr. 2016;104:9185-23S,
http://dx.doi.org/10.3945/ajcn.115.110429.

3. WHO Secretariat, Andersson M, de Benoist B, Delange F,
Zupan J. Prevention and control of iodine deficiency in
pregnant and lactating women and in children less than
2-years-old: conclusions and recommendations of the Tech-
nical Consultation. Public Health Nutr. 2007;10:1606-11,
http://dx.doi.org/10.1017/51368980007361004.

4. Zimmermann MB, Andersson M. GLOBAL ENDOCRINOLOGY:
Global perspectives in endocrinology: coverage of iodized
salt programs and iodine status in 2020. Eur J Endocrinol.
2021;185:R13-21, http://dx.doi.org/10.1530/EJE-21-0171.

5. Wolff J, Chaikoff IL, Goldberg RC, Meier JR. The temporary
nature of the inhibitory action of excess iodide on organic iodine
synthesis in the normal thyroid. Endocrinology. 1949;45:504-13,
http://dx.doi.org/10.1210/endo-45-5-504.

6. Leung AM, Braverman LE. Consequences of excess iodine.
Nat Rev Endocrinol. 2014;10:136-42, http://dx.doi.
org/10.1038/nrendo.2013.251.

7. Abel MH, Korevaar TIM, Erlund I, Villanger GD, Caspersen
IH, Arohonka P, et al. lodine intake is associated with
thyroid function in mild to moderately iodine defi-
cient pregnant women. Thyroid.  2018;28:1359-71,
http://dx.doi.org/10.1089/thy.2018.0305.

8. Connelly KJ, Boston BA, Pearce EN, Sesser D, Snyder D, Braver-
man LE, et al. Congenital hypothyroidism caused by excess
prenatal maternal iodine ingestion. J Pedriatr. 2012;161:760-2,
http://dx.doi.org/10.1016/j.jpeds.2012.05.057.

9. Gonzalez-Martinez S, Riestra-Fernandez M, Martinez-Morillo
E, Avello-Llano N, Delgado-Alvarez E, Menéndez-Torre EL.
Nutritional iodine status in pregnant women from Health

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

169

Area IV in Asturias (Spain): iodised salt is enough. Nutrients.
2021;13:1816, http://dx.doi.org/10.3390/nu13061816.

Guo W, Wang W, Jin Y, Chen W, Chen L, Lin L, et al.
Trimester-specific thyroid function in pregnant women with
different iodine statuses. Ann Nutr Metab. 2020;76:165-74,
http://dx.doi.org/10.1159/000506276.

Menon KC, Skeaff SA, Thomson CD, Gray AR, Ferguson EL, Zod-
pey S, et al. The effect of maternal iodine status on infant
outcomes in an iodine-deficient Indian population. Thyroid.
2011;21:1373-80, http://dx.doi.org/10.1089/thy.2011.0130.
Fuse Y, Ohashi T, Yamaguchi S, Yamaguchi M, Shishiba Y, Irie
M. lodine status of pregnant and postpartum Japanese women:
effect of iodine intake on maternal and neonatal thyroid func-
tion in an iodine-sufficient area. J Clin Endocrinol Metab.
2011;96:3846-54, http://dx.doi.org/10.1210/jc.2011-2180.
Manousou S, Eggertsen R, Hulthén L, Nystrom HF. A ran-
domized, double-blind study of iodine supplementation during
pregnancy in Sweden: pilot evaluation of maternal iodine
status and thyroid function. Eur J Nutr. 2021;60:3411-22,
http://dx.doi.org/10.1007/s00394-021-02515-1.

Zimmermann MB. The impact of iodised salt or iodine
supplements on iodine status during pregnancy, lacta-
tion and infancy. Public Health Nutr. 2007;10:1584-95,
http://dx.doi.org/10.1017/51368980007360965.

The IODEGEST Study Group, Torres MT, Francés L, Vila
L, Manresa MJ, Falguera G, et al. lodine nutritional
status of women in their first trimester of pregnancy
in Catalonia. BMC Pregnancy Childbirth. 2017;17:249,
http://dx.doi.org/10.1186/s12884-017-1423-4.

Donnay S, Fajardo C, Fernandez-Garcia JC, Torres T,
Bandrés O, Dominguez JR, et al. Diagnosis, treatment,
and management of gestational hypothyroidism. The
TIROGEST study. Endocrinol Diabetes Nutr. 2020;67:36-42,
http://dx.doi.org/10.1016/j.endinu.2019.03.008.

Cannas A, Rayman MP, Kolokotroni O, Bath SC. lodine status
of pregnant women from the Republic of Cyprus. Br J Nutr.
2022;3:1-25, http://dx.doi.org/10.1017/5S0007114522000617.
Corcino CM, Berbara TMBL, Saraiva DA, de Morais
NA, Schtscherbyna A, Gertrudes LN, et al. Variation
of iodine status during pregnancy and its associa-
tions with thyroid function in women from Rio de
Janeiro, Brazil. Public Health Nutr. 2019;22:1232-40,
http://dx.doi.org/10.1017/51368980019000399.

Censi S, Watutantrige-Fernando S, Groccia G, Manso J, Plebani
M, Faggian D, et al. The effects of iodine supplementation in
pregnancy on iodine status, thyroglobulin levels and thyroid
function parameters: results from a randomized controlled clin-
ical trial in a mild-to-moderate iodine deficiency area. Nutri-
ents. 2019;11:2639, http://dx.doi.org/10.3390/nu11112639.
Dineva M, Fishpool H, Rayman MP, Mendis J, Bath SC.
Systematic review and meta-analysis of the effects of
iodine supplementation on thyroid function and child neu-
rodevelopment in  mildly-to-moderately iodine-deficient
pregnant women. Am J Clin Nutr. 2020;112:389-412,
http://dx.doi.org/10.1093/ajcn/ngaa071.

Nazeri P, Shariat M, Azizi F. Effects of iodine supple-
mentation during pregnancy on pregnant women and their
offspring: a systematic review and meta-analysis of trials
over the past 3 decades. Eur J Endocrinol. 2021;184:91-106,
http://dx.doi.org/10.1530/EJE-20-0927.

Moleti M, Di Bella B, Giorgianni G, Mancuso A, De Vivo A,
Alibrandi A, et al. Maternal thyroid function in different
conditions of iodine nutrition in pregnant women exposed
to mild-moderate iodine deficiency: an observational study:
iodine nutrition in pregnancy. Clin Endocrinol. 2011;74:762-8,
http://dx.doi.org/10.1111/j.1365-2265.2011.04007.x.
Gonzalez-Martinez S, Avello-Llano N, Escudero-Gomis Al,
Delgado-Alvarez E, Menéndez-Torre EL. Influencia del consumo



S. Gonzalez-Martinez, E. Martinez-Morillo, N. Avello-Llano et al.

24.

25.

26.

de sal yodada y suplemento yodado sobre la funcion
tiroidea en gestantes yodosuficientes. 62 Congreso Sociedad
Espanola Endocrinologia y Nutricion. Endocrinol Diabetes Nutr.
2021;68:1-21.

World Health Organization (WHO). Assessment of iodine
deficiency disorders and monitoring their elimination: a guide
for programme managers. Available from: https://apps.
who.int/iris/bitstream/handle/10665/43781/9789241595827_
eng.pdf?sequence=1 [Internet].

Dietary reference intakes for vitamin A, vitamin K, arsenic,
boron, chromium, copper, iodine, iron, manganese, molyb-
denum, nickel, silicon, vanadium, and zinc. Washington, DC:
National Academies Press; 2001.

Shi X, Han C, Li C, Mao J, Wang W, Xie X, et al. Optimal and
safe upper limits of iodine intake for early pregnancy in iodine-
sufficient regions: a cross-sectional study of 7190 pregnant
women in China. J Clin Endocrinol Metab. 2015;100:1630-8,
http://dx.doi.org/10.1210/jc.2014-3704.

27.

28.

29.

30.

170

Farebrother J, Zimmermann MB, Andersson M. Excess
iodine intake: sources, assessment, and effects on thy-
roid function. Ann N Y Acad Sci. 2019;1446:44-65,
http://dx.doi.org/10.1111/nyas.14041.

Jin M, Zhang Z, Li Y, Teng D, Shi X, Ba J, et al. U-shaped associa-
tions between urinary iodine concentration and the prevalence
of metabolic disorders: a cross-sectional study. Thyroid.
2020;30:1053-65, http://dx.doi.org/10.1089/thy.2019.0516.
Inoue K, Leung AM, Sugiyama T, Tsujimoto T, Makita
N, Nangaku M, et al. Urinary iodine concentration and
mortality among U.S. adults. Thyroid. 2018;28:913-20,
http://dx.doi.org/10.1089/thy.2018.0034.

Lazarus J, Brown RS, Daumerie C, Hubalewska-Dydejczyk A,
Negro R, Vaidya B. 2014 European Thyroid Association Guide-
lines for the management of subclinical hypothyroidism in
pregnancy and in children. Eur Thyroid J. 2014;3:76-94,
http://dx.doi.org/10.1159/000362597.



	Outline placeholder
	Déclaration de liens d'intérêts


