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ABSTRACT
Objective: Reports from populations with an
insufficient iodine intake suggest that children of
mothers with mild iodine deficiency during
pregnancy are at risk for cognitive impairments.
However, it is unknown whether, even in iodine-
sufficient areas, low levels of iodine intake occur that
influence cognitive development in the offspring. This
study investigated the association between maternal
low urinary iodine concentration (UIC) in pregnancy
and children’s cognition in a population-based sample
from a country with an optimal iodine status (the
Netherlands).
Setting and participants: In 1525 mother–child
pairs in a Dutch multiethnic birth cohort, we
investigated the relation between maternal
UIC<150 μg/g creatinine, assessed <18 weeks gestation
and children’s cognition.
Outcomes measures: Non-verbal IQ and language
comprehension were assessed during a visit to the
research centre using Dutch test batteries when the
children were 6 years.
Results: In total, 188 (12.3%) pregnant women had
UIC<150 μg/g creatinine, with a median UIC equal to
119.3 μg/g creatinine. The median UIC in the group
with UIC>150 μg/g creatinine was 322.9 μg/g and in
the whole sample 296.5 μg/g creatinine. There was a
univariate association between maternal low UIC and
children’s suboptimum non-verbal IQ (unadjusted
OR=1.44, 95% CI 1.02 to 2.02). However, after
adjustment for confounders, maternal low UIC was not
associated with children’s non-verbal IQ (adjusted
OR=1.33, 95% CI 0.92 to 1.93). There was no relation
between maternal UIC in early pregnancy and
children’s language comprehension at 6 years.
Conclusions: The lack of a clear association between
maternal low UIC and children’s cognition probably
reflects that low levels of iodine were not frequent and
severe enough to affect neurodevelopment. This may
result from the Dutch iodine fortification policy, which
allows iodised salt to be added to almost all processed
food and emphasises the monitoring of iodine intake in
the population.

INTRODUCTION
Iodine is an essential micronutrient required
for thyroid hormone production. Severe
iodine deficiency is one of the major pre-
ventable causes of mental retardation world-
wide.1 Owing to the iodine fortification of
salt in many countries, severe iodine defi-
ciency is a rare condition.2 Nevertheless,
mild-to-moderate iodine deficiency is still
considered a major public health concern,
even in some developed countries.2

Pregnant women are particularly susceptible
to iodine deficiency because of the higher
requirement during pregnancy.3 Guidelines
recommend an almost twofold increase in
dietary iodine intake during pregnancy to
maintain optimal thyroid hormone

Strengths and limitations of this study

▪ The present study is performed in 1525 mother–
child pairs from a country with optimal iodine
intake (the Netherlands).

▪ In total, 188 pregnant women (12.3%) had
urinary iodine concentration (UIC)<150 μg/g cre-
atinine in early pregnancy.

▪ In this prospective study, there was no clear rela-
tion between maternal relatively low UIC and chil-
dren’s non-verbal IQ or language comprehension
at age 6 years.

▪ As mild iodine deficiency was not prevalent in
our sample, it is possible that we did not have
the power to detect a significant association
between maternal low UIC and children’s cogni-
tive delay.

▪ The lack of a clear association with children’s
cognitive abilities most likely reflects the fortifica-
tion policy in the Netherlands, which allows
iodised salt to be added to almost all processed
foods and emphasises the monitoring of iodine
intake in the population.
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production in the mother and the fetus.3 4 Randomised
trials of iodine supplementation in pregnant women from
regions with severe iodine deficiency confirmed the effect
of maternal severe iodine deficiency on children’s cogni-
tive development.5 Recently, an observational study by
Bath et al6 in UK (n=1040) showed that the children born
to mothers with mild-to-moderate iodine deficiency were
at risk of impairments in non-verbal IQ and reading skills.
In this study, mild-to-moderate iodine deficiency was
defined as having urinary iodine concentration (UIC)
lower than 150 μg/g of creatinine on the basis of WHO cri-
teria.3 Similarly, in 228 mother–child pairs in Australia,
Hynes et al7 found a relation between maternal mild
iodine deficiency (UIC<150 μg/L) and standardised aca-
demic test score, for example, spelling errors, in children.
UK and Australia are considered mild-to-moderate iodine-
deficient countries by the International Council for
Control of Iodine Deficiency Disorders (ICCIDD).2

However, it is unclear whether relatively low levels of
iodine intake during pregnancy also occur in countries
with optimal iodine status, which affects cognitive develop-
ment in the offspring.
The goal of this study was to investigate the association

between maternal low UIC in pregnancy and children’s
cognition in a population-based sample from a country
with an optimal iodine status (the Netherlands).2 UIC is
a good marker of dietary iodine intake, and can be
assessed reliably in spot urine samples at the population
level.8 Adjustment of UIC for creatinine levels decreases
the intraindividual variability in iodine excretion, and
provides a more accurate estimate of iodine status in
individuals compared to crude values.8

METHODS
Participants
This study was embedded within the Generation R
Study, a population-based birth cohort in Rotterdam,
the Netherlands, which follows children from fetal life
onwards.9 In total, 7145 pregnant women were recruited
in early pregnancy (gestational age <18 weeks). All
women had a delivery date between April 2002 and
January 2006. During early pregnancy, 2375 pregnant
women provided urine samples. UIC was assessed in
2251 pregnant women with a singleton live birth. In this
group, data on child cognitive measures were available
in 1525 children at age 6 years. There was no difference
in maternal iodine levels between mother–child pairs
included in the analyses and those excluded because of
missing data on child cognitive measures. Likewise,
demographic characteristics including maternal age and
education, household income or child’s characteristics,
such as gestational age at birth or ethnic background,
did not differ between these two groups.

Measurements
During the first prenatal visit (mean gestational
age=13.28 (1.85), range 6.07–17.93 weeks), maternal

urine samples were collected at random times during
the day. Urinary iodine was measured by the
ceri-arsenite reaction after digestion by means of ammo-
nium persulfate. After brief centrifugation, sodium
arsenite solution (0.1 mol/L in 1 mol/L of sulfuric acid)
was added. Subsequently, ceri-ammonium sulfate was
added, and colour was allowed to develop at 250°C over
60 min. Optical density was assessed at 405 nm. At a con-
centration of 1.7 μmol/L iodine, the within-assay coeffi-
cient of variation (CV) was 5.1% and the between-assay
CV was 14.3%. To adjust for total urinary volume, we
used the UIC adjusted for creatinine levels (UIC/cre-
atinine). We defined low UIC as values <150 μg/g cre-
atinine. To assess the iodine status of a population, the
median (not the mean) UIC is recommended, as UICs
are influenced by recent iodine intake. For pregnant
populations, the median urinary iodine levels of
<150 μg/L are considered as insufficient, 150–249 μg/L
as adequate and >500 μg/L as excessive.3

At the age of six (mean age=6.0±0.3 years), the children
were invited to visit the Generation R research centre.
During this visit, children’s non-verbal IQ and language
comprehension were assessed using validated Dutch test
batteries: two subtests of the Snijders-Oomen Niet-verbale
intelligentie Test-Revisie (SON-R 2½–7) and the receptive
subtest of the Taaltest voor Kinderen (TvK).10 11

The subtests of SON-R 2½–7 were Mosaics (assesses
spatial visualisation abilities), and Categories (assesses
abstract reasoning abilities). Raw test scores were con-
verted into non-verbal IQ scores using norms tailored to
exact age. For the receptive subtest of the TvK, the chil-
dren were given 26 test items, and for each item they
had to choose the best picture that matched the given
words. We added the total correct answers for each child
and divided this sum by the total number of items
answered, yielding a percentage correct score. The cor-
relation between non-verbal IQ and language compre-
hension scores was r=0.42 (p<0.001).
Information on birth date, sex and birth weight was

obtained from registries. Gestational age at birth was
established using an ultrasound examination during
pregnancy. Birth order, parental age and education,
marital status, ethnicity, household income and history
of smoking, as well as child’s history of breast feeding,
were assessed by questionnaires. Child’s ethnic back-
ground was defined based on the country of birth of
both parents. Maternal education was defined by the
highest completed education. Maternal smoking was
assessed at enrolment and in mid and late pregnancy.
Maternal weight and length were measured at enrol-
ment and were used to calculate body mass index
(BMI). In early pregnancy, maternal folate concentra-
tions were analysed in plasma samples by using an
immunoelectrochemiluminesence assay on the Architect
System (Abbott Diagnostics BV). We used the Brief
Symptom Inventory, a validated self-report question-
naire, to measure maternal psychopathology during
pregnancy. In early pregnancy, maternal thyroid
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parameters (thyroid stimulating hormone (TSH) and
free thyroxine) were measured in the blood.12 Maternal
non-verbal IQ was assessed during the child’s visit to the
research centre, using a computerised version of the
Ravens Advanced Progressive Matrices Test, set I.13

Statistical analyses
Mother–child pairs with data on UIC and one or more
cognitive measures were included in the analyses. The
percentage of missing data for covariates was below 10%
except for maternal psychopathology during pregnancy
(17%), household income (17%), paternal education
(32%) and child’s history of breast feeding (13%).
Missing values were imputed using multiple imputations.
Thirty copies of the original data set were generated
with missing values replaced by values randomly gener-
ated from the predictive distribution, on the basis of the
correlation between the variables.
Maternal low UIC during early pregnancy was the

determinant in all analyses. We used linear regression to
examine the relation between maternal low UIC and
children’s non-verbal IQ and language comprehension
scores. Language comprehension scores were log trans-
formed to meet the assumption of normality. To facili-
tate the interpretation of findings, we also used logistic
regression to explore whether maternal low UIC was
related to the odds of having a non-verbal IQ or lan-
guage comprehension score in the lowest quartile of the
sample (non-verbal IQ<93 and language comprehension
score <0.77). Potential confounders were selected on the
basis of background knowledge.6 7 The relation between
maternal UIC and children’s cognition was examined in
three steps: model 1, univariate association; model 2,
adjusted for the child’s sex and age, and maternal age
and education; model 3, additionally adjusted for a
child’s ethnic background, birth order, history of breast
feeding at age 6 months, paternal age, maternal BMI,
maternal history of smoking, maternal IQ, marital status,
paternal education, maternal psychopathology in preg-
nancy, maternal folate concentration in early pregnancy,
household income and time of urine sampling in preg-
nancy. We additionally adjusted the models for maternal
thyroid parameters.

RESULTS
Our results showed that Generation R participants were
iodine sufficient, with median UIC=229.6 μg/L (90%
range 55.2–732.6; iodine to creatinine ratio 296.5 μg/g
creatinine (90% range 112.8–710.2)). In total, 188 preg-
nant women (12.3%) had UIC<150 μg/g creatinine;
only 4 pregnant women had UIC<50 μg/g creatinine.
Iodine status of the mother in pregnancy was associated
with maternal age, BMI, education, psychopathology
scores in pregnancy, marital status and plasma folate
levels in pregnancy (table 1).
Table 2 represents the association between maternal

iodine status in pregnancy and children’s cognition at

age 6 years. After adjustment for possible confounders,
we did not find a relation between maternal low UIC
and children’s non-verbal IQ or language comprehen-
sion. Additional adjustment of the models for maternal
thyroid parameters did not change the results (B add-
itionally adjusted for maternal TSH=−0.87, 95% CI
−3.32 to 1.45; B additionally adjusted for maternal free
thyroxine=−0.86, 95% CI −3.19 to 1.47).

DISCUSSION
Convincing evidence from randomised controlled trials in
severe iodine-deficient countries has shown the effective-
ness of iodine fortification policies or supplementation in
pregnant women. However, the existing evidence on the
effectiveness of intervention in mild-to-moderate iodine-
deficient areas is very limited with regard to an improve-
ment in neurocognitive outcomes in children.14 The
present study, performed in an iodine-sufficient country,
showed no clear relation between maternal low UIC in
early pregnancy and children’s non-verbal IQ or language
comprehension at age 6 years. There are several possible
explanations for this finding. First, this study was per-
formed in the Netherlands, which has a population with
an adequate dietary iodine intake.15 Also, the median UIC
in Generation R participants was much higher than the
values reported in pregnant women of other populations
(median UIC in this study=296.5 μg/g creatinine, median
UIC in the British study=110 μg/g creatinine).6 7 Even the
median UIC levels in the ‘low’ group of Generation R
(median=119.3 μg/g creatinine) was higher than the
median UIC in the total sample of previous studies. These
levels document that the Generation R multiethnic urban
sample is iodine sufficient. Furthermore, many pregnant
women in our sample may have been mostly iodine suffi-
cient during the period of preconception or early post-
natal phase, despite the fact that we observed a spot UIC
lower than 150 μg/g creatinine in pregnancy. A single
measurement of urinary iodine is a good reflection of
iodine status of a population, but may not necessarily
reflect the iodine status of the individual. A second pos-
sible explanation is that the effect of iodine deficiency on
a child’s neurodevelopment may, to some extent, be spe-
cific to verbal and reading abilities, and less apparent in
non-verbal skills. In the Generation R Study, we previously
showed that low maternal UIC was related to poor working
memory in children, but not to planning/organisation.16

The absence of any relation between maternal low iodine
and cognitive aspects of executive function, in particular
planning/organisation, is in line with the findings of the
present study. The mechanisms through which mild
iodine insufficiency influences other aspects of child neu-
rodevelopment, such as working memory, are not clear.
Third, despite a larger sample size compared to the
British or Australian studies, the present study had a
smaller group of women with UIC<150 μg/g creatinine
(188 women in the present study and 646 women in the
British study). As mild iodine deficiency is less prevalent in
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our sample, it is possible that we did not have the power to
detect a significant association between maternal low UIC
and children’s cognitive delay. However, the observed
effect sizes for low UIC in the present study (eg, OR=1.33,
95% CI 0.92 to 1.92 for suboptimum non-verbal IQ) were
very similar to those of the British study (OR=1.35, 95% CI
0.93 to 1.94) for the comparable measure but did not
reach the significance level in either study.
The infrequent occurrence of maternal low UIC

during pregnancy and the lack of a clear association

with children’s cognitive abilities most likely reflect the
Dutch government’s iodine fortification policy, which
allows iodised salt to be added to almost all processed
food and emphasises the monitoring of iodine intake
in the population. In case of non-optimal intake at the
population level, governmental measures are taken to
boost the supply of iodine in the population.15 This
suggests that iodine fortification programmes can
prevent adverse neurodevelopmental outcomes in
children.

Table 1 Baseline characteristics (n=1525)

UIC adjusted for creatinine levels

<150 μg/g >150 μg/g p Value

Maternal characteristics

Age at enrolment, years 30.8 (4.6) 28.6 (5.3) <0.001

Body mass index at enrolment 24.4 (4.3) 25.3 (5.1) 0.01

Education, %

Primary 18.2 27.5 0.01

Secondary 54.3 52.2

Higher education 27.5 20.3

Psychopathology score in pregnancy 0.14 (0.00–1.02) 0.21 (0.02–1.31) <0.001

Smoking, %

Never 78.6 73.1 0.24

Stopped when pregnant 8.5 10.8

Continued in pregnancy 12.9 16.1

Household income

<€1200 6.7 11.5 0.10

>€1200 and <€2000 14.3 13.4

>€2000 79.0 75.1

Marital status, married/with partner % 90.4 78.9 <0.001

Folate concentration in early pregnancy, nmol/L 19.2 (9.2) 17.2 (8.2) 0.004

Free thyroxine in early pregnancy, pmol/L 15.28 (0.22) 14.94 (0.09) 0.15

Thyroid stimulating hormone in early pregnancy, mU/L 1.44 (0.08) 1.56 (0.04) 0.20

Maternal IQ score 97 (79–113) 97 (80–113) 0.14

UIC adjusted for creatinine 322.9 (168.6–732.2) 119.3 (65.5–147.1) <0.001

Gestational age at urine sampling 13.1 (10.5–16.8) 12.9 (10.2–16.5) 0.55

Paternal characteristics

Age at enrolment, years 33.5 (5.8) 31.9 (6.2) <0.001

Education, %

Primary 16.6 19.8 0.23

Secondary 46.6 51.3

High 36.8 28.9

Child characteristics

Age at visit, years 5.9 (0.2) 5.9 (0.2) 1.00

Sex, boy % 48.8 49.5 0.87

First born % 59.1 62.0 0.44

Ethnic background %

Dutch 57.5 57.2 0.67

Other Western 8.7 7.0

Non-Western 33.8 35.8

Birth weight 3441 (521) 3419 (493) 0.60

Gestational age at birth 40.3 (37.4–42.1) 40.3 (37.2–41.9) 0.90

Breast feeding at 6 months, yes 35.6 26.7 0.03

IQ scores at 6 years 102 (15) 100 (16) 0.12

Language comprehension score at 6 years 0.85 (0.62–0.96) 0.85 (0.61–0.96) 0.87

Numbers are mean (SD) for variables with normal distribution, median (90% range) for not normally distributed variables and percentages for
categorical variables.
UIC, urinary iodine concentration.
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parental educational levels, maternal psychopathology in pregnancy, maternal folate concentration in early pregnancy, household income and
time of urine sampling in pregnancy.
UIC, urinary iodine concentration.
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Correction

Ghassabian A, Steenweg-de Graaff J, Peeters RP, et al. Maternal urinary iodine concen-
tration in pregnancy and children’s cognition: results from a population-based birth
cohort in an iodine-sufficient area. BMJ Open 2014;4:e005520. doi:10.1136/
bmjopen-2014- 005520
The column headers in Table 1 are the wrong way round; ‘<150 µg/g’ should be
‘>150 µg/g’ and vice versa. Please see the corrected Table 1 below:

Table 1 Baseline characteristics (n=1525)

UIC adjusted for creatinine levels

>150 μg/g <150 μg/g p Value

Maternal characteristics

Age at enrolment, years 30.8 (4.6) 28.6 (5.3) <0.001

Body mass index at enrolment 24.4 (4.3) 25.3 (5.1) 0.01

Education, %

Primary 18.2 27.5 0.01

Secondary 54.3 52.2

Higher education 27.5 20.3

Psychopathology score in

pregnancy

0.14 (0.00–1.02) 0.21 (0.02–1.31) <0.001

Smoking, %

Never 78.6 73.1 0.24

Stopped when pregnant 8.5 10.8

Continued in pregnancy 12.9 16.1

Household income

<€1200 6.7 11.5 0.10

>€1200 and <€2000 14.3 13.4

>€2000 79.0 75.1

Marital status, married/with

partner %

90.4 78.9 <0.001

Folate concentration in early

pregnancy, nmol/L

19.2 (9.2) 17.2 (8.2) 0.004

Free thyroxine in early pregnancy,

pmol/L

15.28 (0.22) 14.94 (0.09) 0.15

Thyroid stimulating hormone in

early pregnancy, mU/L

1.44 (0.08) 1.56 (0.04) 0.20

Maternal IQ score 97 (79–113) 97 (80–113) 0.14

UIC adjusted for creatinine 322.9 (168.6–732.2) 119.3 (65.5–147.1) <0.001

Gestational age at urine sampling 13.1 (10.5–16.8) 12.9 (10.2–16.5) 0.55

Paternal characteristics

Age at enrolment, years 33.5 (5.8) 31.9 (6.2) <0.001

Education, %

Primary 16.6 19.8 0.23

Secondary 46.6 51.3

High 36.8 28.9

Child characteristics

Age at visit, years 5.9 (0.2) 5.9 (0.2) 1.00

Sex, boy % 48.8 49.5 0.87

First born % 59.1 62.0 0.44

Ethnic background %

Dutch 57.5 57.2 0.67

Other Western 8.7 7.0

Non-Western 33.8 35.8

Birth weight 3441 (521) 3419 (493) 0.60

Gestational age at birth 40.3 (37.4–42.1) 40.3 (37.2–41.9) 0.90

Continued
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Table 1 Continued

UIC adjusted for creatinine levels

>150 μg/g <150 μg/g p Value

Breast feeding at 6 months, yes 35.6 26.7 0.03

IQ scores at 6 years 102 (15) 100 (16) 0.12

Language comprehension score

at 6 years

0.85 (0.62–0.96) 0.85 (0.61–0.96) 0.87

Numbers are mean (SD) for variables with normal distribution, median (90% range) for not normally
distributed variables and percentages for categorical variables.
UIC, urinary iodine concentration.
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The superscript “3” should not be next to author Lynn Dudley as this is not one of

their affiliations.
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