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SUMMARY

Background

Severe maternal iodine deficiency is known to be
associated with low offspring 1Q (1). However, the
effects of mild-to-moderate maternal iodine defi-
ciency on child neurocognitive outcomes remain
poorly understood, and results of cohort studies
have been somewhat variable (2-5). The effects of
maternal iodine status at different gestational ages
on child neurodevelopment have not been examined
previously.

Methods

This was an individual-participant meta-analy-
sis (6) performed using data from three European
pregnancy cohorts: Generation R in the Netherlands,
the INfancia y Medio Ambiente Project (INMA) in
Spain, and the Avon Longitudinal Study of Parents
and Children (ALSPAC) in the United Kingdom.
Mother-child pairs were included if maternal urinary
iodine and creatinine levels during pregnancy and
child 1Q test results were available. Criteria for
exclusion were multiple pregnancies, use of fertility
treatment, known thyroid disease, or use of thy-
roid-affecting medications. Urinary iodine and cre-
atinine concentrations were measured in spot urine
samples; when more than one measurement was
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available for a participant, the sample obtained at the
earliest time point in gestation was used for analyses.
Specimens with urinary iodine concentrations >500
png/L were excluded from the ALSPAC cohort owing
to concerns about iodine contamination from urine
test strips. Urinary iodine status was categorized as
<150 ug/g of creatinine, 150-499 pg/g, or 2500
ug/g. Maternal TSH and free T4 concentrations
were measured by different assays in the different
cohorts and thus values were log-transformed, and
cohort-specific standard deviation scores were cal-
culated in order to make values directly comparable
across cohorts. Potential confounders ascertained
by questionnaires administered during pregnancy
included maternal age, maternal education level,
ethnicity, parity, prepregnancy BMI, and smoking
during pregnancy. In the Generation R cohort, child
nonverbal IQ was measured at a median age of 5.9
years and verbal IQ at a median age of 1.5 years.
In the INMA cohort, verbal and nonverbal IQ were
assessed at a median age of 4.6 years, and in the
ALSPAC cohort at a median age of 8.6 years. Because
IQ was assessed using different instruments in each
cohort, cohort-specific scores were standardized to
a mean (xSD) of 100+15 points. Children with 1Qs
<50 or >150 were excluded.
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Associationsoflog-transformedurinaryiodine-to-cre-
atinine ratios with child 1Q were assessed using mul-
tivariable linear regression models of the pooled
cohort data. Models were adjusted for maternal
age, parity, BMI, ethnicity, smoking, gestational age,
and child sex (child age at testing and study cohort
were not included owing to colinearity with maternal
ethnicity). Nonlinearity was assessed by means of
guadratic terms and by using ordinary least-squares
linear regression models with restricted splines with
three knots. Effect modification by gestational age
was examined both by introducing an interaction term
for gestational age and the urinary iodine-to-creat-
inine ratio into models and by performing analyses
stratified by gestational age at the time of testing.
In a second approach to analysis, cohort-specific
effect estimates were combined using random-ef-
fects meta-analyses, considering the reference group
to be women with urinary iodine-to-creatinine ratios
of 150 to 500 pg/g of creatinine. Heterogeneity
between cohorts was assessed using the 12 statistic
and the Cochran Q test. Inverse probability weighting
was applied to account for possible differential losses
to follow-up. Missing confounder variable data were
imputed using chained equations.

Results

The study sample included 6180 mother-child pairs.
Median urinary iodine concentrations were 159 ug/L
in the Generation R cohort (iodine-sufficient), 128
pug/L in the INMA cohort (mildly iodine-deficient),
and 96 pg/L in ALSPAC (moderately iodine-defi-

COMMENTARY

Strengths of this study include the use of techniques
to harmonize laboratory values across cohorts, the
ascertainment of a wide range of potentially con-
founding variables, and the use of methods to try to
minimize selection bias from loss to follow-up and
from missing data. The study included cohorts with
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cient). Urine samples were collected at a median
gestational age of 13.1 weeks in Generation R, 13.0
weeks in INMA, and 12.0 weeks in ALSPAC.

There was a positive linear association between
the urinary iodine-to-creatinine ratio and nonverbal
child 1Q in the linear regression models, although this
did not achieve statistical significance. There did not
appear to be any effect modification by gestational
age at testing. Using random-effects meta-analysis
the urinary iodine-to-creatinine ratio was not asso-
ciated with nonverbal 1Q. In the linear regression
models there was a positive curvilinear association
between the urinary iodine-to-creatinine ratio and
verbal child IQ (P<0.001). Associations between the
urinary iodine-to-creatinine ratio and verbal IQ were
seen during the first 12 weeks of pregnancy and
between weeks 12 and 14, but not after 14 weeks
of gestation. Using random-effects meta-analy-
sis, neither having a urinary iodine-to-creatinine
ratio of <150 (-6 1Q points; 95% Cl, -1.3 to 0.1) or
2500 pg/g of creatinine (-0.6 1Q points; 95% Cl,
-2.6 to 1.4) was associated with verbal 1Q. Urinary
jodine-to-creatinine ratios were not associated with
maternal TSH (P = 0.8) or free T4 (P = 0.08).

Conclusions

Lower urinary iodine-to-creatinine ratios up through
week 14 of gestation were associated with poorer
child verbal IQ scores. There were no associations of
maternal iodine status with child nonverbal IQ.

a spectrum of iodine intakes, ranging from mod-
erately deficient through sufficient. The primary
study limitations are the use of different instru-
ments for assessment of child IQ and the different
timing of child neurocognitive assessments across
the cohorts.
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This study adds to the growing body of observa-
tional data suggesting that even mild-to-moderate
maternal iodine deficiency may have adverse neu-
rodevelopmental consequences for offspring. Ran-
domized clinical trial data are needed to definitively
determine whether maternal iodine supplementa-
tion in regions in which pregnant women are mildly
to moderately iodine-deficient (such as the United
States) will improve developmental outcomes. Such
studies have been challenging to conduct because
in many regions, in light of current recommenda-
tions for supplementation, it has been thought to be
unethical or unfeasible to include a placebo group.

These data reinforce that timing of iodine supple-
mentation relative to gestational age may be crit-
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