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ABSTRACT

Introduction lodine is essential for normal brain
development. Moderate and severe fetal iodine deficiency
results in substantial to serious developmental delay in
children. Mild iodine deficiency in pregnancy is associated
with neurodevelopmental deficits in the offspring, but
evidence from randomised trials is lacking. The aim of the
Swedish lodine in Pregnancy and Development in Children
study is to determine the effect of daily supplementation
with 150 pg iodine during pregnancy on the offspring’s
neuropsychological development up to 14 years of age.
Methods and analysis Thyroid healthy pregnant women
(n=1275: age range 18-40 years) at <12 weeks gestation
will be randomly assigned to receive multivitamin
supplements containing 150 pg iodine or non-iodine-
containing multivitamin daily throughout pregnancy. As

a primary outcome, 1Q will be measured in the offspring
at 7 years (Wechsler Intelligence Scale for Children-V).

As secondary outcomes, |Q will be measured at 3.5 and
14 years, psychomotor development at 18 months and

7 years, and behaviour at 3.5, 7 and 14 years. lodine
status (urinary iodine concentration) will be measured
during pregnancy and in the offspring at 3.5, 7 and 14
years. Thyroid function (thyroid hormones, thyroglobulin),
and deiodinase type 2 polymorphisms will be measured
during pregnancy and in the offspring at 7 and 14 years.
Structural MRI or other relevant structural or functional
brain imaging procedures will be performed in a
subgroup of children at 7 and 14 years. Background and
socioeconomic information will be collected at all follow-
up times.

Ethics and dissemination This study is approved by the
Ethics Committee in Géteborg, Sweden (Diary numbers:
431-12 approved 18 June 2012 (pregnancy part) and
1089-16 approved 8 February 2017 (children follow-up)).
According to Swedish regulations, dietary supplements
are governed by the National Food Agency and not by the
Medical Product Agency. Therefore, there is no requirement
for a monitoring committee and the National Food Agency
does not perform any audits of trial conduct. The trial

will be conducted in accordance with the Declaration of
Helsinki. The participating sites will be contacted regarding

Strengths and limitations of this study

» Large interventional controlled trial on iodine sup-
plementation during pregnancy, powered to detect a
difference of three IQ points in children.

» Long observational follow-up of the children, up to
14 years, with complex assessment of neurocogni-
tive development.

» Future implementation of the study is feasible, as
the intervention tablet exists on the market.

» Lack of pure iodine and pure placebo tablets implies
careful interpretation of results.

» Dropout rate may be high.

important protocol changes, both orally and in writing, and
the trial registry database will be updated accordingly.
Study results will be presented at relevant conferences,
and submitted to peer-reviewed journals with open access
in the fields of endocrinology, paediatrics and nutrition.
After the appropriate embargo period, the results will be
communicated to participants, healthcare professionals

at the maternal healthcare centres, the public and other
relevant groups, such as the national guideline group for
thyroid and pregnancy and the National Food Agency.
Trial registration number NCT02378246; Pre-results.

BACKGROUND

lodine deficiency as an international issue
Iodine is essential for the production of
thyroid hormones and important for growth
and brain development during fetal and
early postnatal life'; a knowledge obtained
after a long history of iodine deficiency (ID)
associated disorders. For centuries, goitre
with hypothyroidism, mental retardation
and cretinism have been an entity. During
the 1920s in the USA, Marine and Kimball
performed the classic experiment of treating
schoolgirls with iodine, leading to a dramatic
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reduction in the prevalence of goitre. Iodine prophy-
laxis was established in the USA in 1921. After some
debate, iodine prophylaxis was introduced in Switzer-
land in 1922, and then worldwide over the subsequent
decades. The combat against severe and moderate ID has
been successful in reducing the number of children with
ID-caused mental retardation. However, mild ID is widely
apparent, especially during pregnancy,”® when dietary
iodine demand increases from 150 to 250 pg/day.”

lodine status in Sweden as the country for this study

Before iodination of table salt in 1936, ID was common in
Sweden.* Current iodine intake is sufficient in the general
population® ® and was considered adequate during preg-
nancy during the 1990s” %, there is no recommendation
on iodine supplementation during pregnancy. However,
since the 1990s, the situation may have changed due to
dairy product consumption in adults being lower; milk
iodine levels are lower than before’ 10; a reduction in salt
intake is recommended for reducing the risk of hyper-
tension; new salt forms (flake salt, gourmet salt) without
iodine are popular; there is a reluctance to consume ‘food
additives’; awareness of ID among the younger popula-
tion is generally low; and the main proportion of total salt
intake (=80%), thatis, from ready-made foods and dishes,
does not provide iodine. Unless iodine is added to all salts
used, the risk of decreased iodine intake is apparent, and
arouses concerns, especially for pregnant women. Retro-
spective, local data on pregnancy highlight this assump-
tion is realistic.'"

ID during pregnancy: effects on the child’s development
Severe and moderate ID leads to lower serum thyroid
hormone levels and thereby to lower availability of
thyroid hormones in the brain. During fetal life and early
years, the growing brain is vulnerable'* '* and severe ID
results in mental retardation in the newborn, unless the
thyroid hormone is replaced." In addition, an increased
incidence of attention deficit hyperactivity disorders
(ADHD) has been associated with mild to moderate ID."

In mild ID, thyroid hormone levels are maintained,
whereas thyroglobulin (TG) levels are increased as a
biomarker of goitre. The brain’s use of thyroid hormones
depends on the local conversion of inactive hormone
thyroxine (T4) to active hormone triiodothyronine (T3), a
process mediated by deiodinase type 2 (D2).'° D2 is found
in the hippocampi and the cerebral cortex and its activity is
increased by ID to maintain sufficient T3 levels.'* ' In the
presence of normal thyroid hormone in blood, it is unclear
how mild ID affects brain development. One theory is that
this depends on deiodinases, which can change thyroid
hormone signalling locally in different tissues, without
affecting serum hormone concentration.'®'®

Mild ID during pregnancy might have an impact on
brain development, despite maintained normal thyroid
hormone levels.""™ In the UK, a longitudinal study"
found 8-year-old children have an increased risk of being
in the lowest quartile of verbal IQ), if their mothers had

mild ID in early pregnancy, than children of mothers with
normal iodine nutrition. In a similar association study from
Australia,” mild ID was linked with lower cognitive perfor-
mance in 9-year-old children. Results from an observational
pilot study from Italy*' indicate mild to moderate ID during
fetal life affects cognitive development, especially verbal
abilities, even in absence of maternal thyroid insufficiency.
In Norway, a large observational study*® found maternal
iodine intake below the estimated average requirement
during pregnancy was associated with reduced fine motor
skills and verbal abilities and with more behaviour prob-
lems at the age of 3 years.

As the randomised controlled trial*® evaluating 150 pg
iodine/placebo in pregnant women in an iodine suffi-
cient country was small (n=86) and lacked cognitive
assessment in children, there were many expectations
about the MITCH study.* In this trial, 832 women from
Thailand and India were randomised to 200 pg iodine/
placebo, and there was no difference in cognitive
outcome in 5-6year-old children. However, these results
were ambiguous for several reasons. First, the women had
entered Maternal Iodine Supplementation and Effects
on Thyroid Function and Child Development (MITCH)
study with urinary iodine concentration (UIC) as in mild
ID, but they did have a normal TG, which indicated the
iodine stores in prepregnancy may have been sufficiently
filled, thus minimising any mental effects on the children.
Second, some women were already iodine sufficient at
baseline.”” Third, both intervention and placebo groups
were iodine sufficient in the second and third trimes-
ters. To prevent subnormal fetal brain development,
many international authorities recommend 150 pg extra
iodine/day during pregnancy, despite the lack of studies
proving causality.

Knowledge gaps and background to the Swedish lodine in
Pregnancy and Development in Children study

There is a substantial gap in knowledge about mild ID
during pregnancy and its potential negative consequences
on neuropsychological development. Therefore, there is
aneed for a placebo controlled trial that compares neuro-
psychological outcome in children exposed to mild ID
during fetal life and children with normal iodine nutri-
tion during pregnancy.

From 29 November 2012 to 1 June 2015, a pilot
randomised placebo controlled trial involving 200 preg-
nant women receiving a daily supplementation with either
a multivitamin containing 150 pg iodine/day or a multivi-
tamin withoutiodine (placebo) was conducted by our group.
This study (ClinicalTrials.gov identifier: NCT02378246)
aimed to evaluate the effects of iodine supplementation on
UIC and thyroid function. As the MITCH study had ambig-
uous results, the question if mild ID during pregnancy
affects fetal brain development remains unanswered, and
it was evident to us that our trial needed to be expanded to
include a sufficient number of pregnant women, to enable
a satisfactorily powered child follow-up regarding neuropsy-
chological development.
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There are indications® that UIC level during preg-

nancy in Sweden is lower than detected in the MITCH
study, and an elevated TG is detected in early pregnancy,
implying a lower iodine status at start of study. Moreover,
iodine status in the third trimester is clearly lower in a
local Swedish study'' than in the placebo group in the
MITCH study, indicating a different iodine situation
in Sweden than in Thailand and India. Therefore, the
Swedish Iodine in Pregnancy and Development in Chil-
dren (SWIDDICH) study is conducted. The hypothesis is
that the use of an iodine-containing multivitamin during
pregnancy results in better cognitive development in the
child than with a multivitamin without minerals (superi-
ority trial) and this effect is stronger on verbal compe-
tence, which is in agreement with previous findings.'?*' **

Objectives

The primary aim is to assess whether cognition (especially
verbal competence) in children whose mothers received
150 pg iodine daily in a multivitamin during pregnancy is
higher than children whose mothers received placebo (a
multivitamin without iodine) and probably remained in
mild ID. The purpose is to determine whether all preg-
nant women who live in a country where the general
population is iodine sufficient, but live in conditions that
can result in mild ID during pregnancy, should be recom-
mended extra iodine during pregnancy.

METHODS

Design of the SWIDDICH study

This is a randomised placebo controlled study in which
children are followed up as an observational cohort, sepa-
rated into two groups by fetal iodine exposure.

Setting and participants

Pregnant women will be recruited from more than 10
maternal healthcare centres in Sweden with the aim of
forming several clusters to facilitate child follow-up. The
main study site will be in Gothenburg, with secondary
sites in Umea and Linkoping, and other areas where
maternal healthcare centres are recruited. At the first
scheduled pregnancy visit, information about the study
will be provided and written informed consent collected
by the midwife. All procedures during pregnancy will be
combined with routine pregnancy visits.

All informed consents and blood and urine for future
analyses will be sent to the main study site in Gothen-
burg. To promote participant retention and a complete
follow-up, a contact from the study coordinator will be
taken after childbirth. In addition, information will be
shared with participants on the homepage https://www.
gu.se/swiddich.

Inclusion

The following inclusion criteria will apply: women aged
18-40 years, pregnant at 7-12 weeks, willing to refrain
from iodine supplementation and take a multivitamin

supplement instead, without current thyroid disease, not
in another pregnancy or lactating less than 6 months
before inclusion, and non-vegan.

Randomisation, allocation, concealment and blinding
Randomisation numbers with an allocation ratio 1:1
are prepared centrally and sent to each participating
centre. Consecutive numbers are used and the infor-
mation regarding the study group allocation of each
number stored securely at the premises of the Univer-
sity of Gothenburg, Sweden. Mothers are provided
with a random container of pills by either drawing a
lot or blindly drawing a container. All containers are
identical, with tasteless pills of the same size for both
groups. Recruiting staff, study participants and those
involved in laboratory work and developmental assess-
ment are blinded to the group allocation. The code will
only be broken by the central study team for data anal-
yses before publications, but will still be blinded to all
groups working with the follow-up. The code has been
broken for the 200 women of the pilot study, but all
(ie, study participants, psychologists and lab engineers)
except the central study team are still blinded. No other
interim analyses are planned.

Intervention

Women in the experimental group receive a daily multi-
vitamin supplement containing 150 pg iodine and those
in the control group receive a daily multivitamin supple-
ment containing no iodine (the contents of the two
supplements are presented in table 1). The intervention
lasts throughout pregnancy until the day of delivery.
Women in both groups are recommended, as are all
pregnant women in Sweden, to take extra folic acid
400 pg/day during the first trimester,” and even extra
iron, when the haemoglobin status indicates it. There-
fore, women in the placebo group will be on maximum
600 pg daily folic acid supplementation, which is safely
below the tolerable upper level of 1000 pg/day.”” The
folic acid and iron administrations do not interfere

Table 1 Multivitamin with iodine (intervention) and
multivitamin without iodine (‘placebo’): table of contents

Intervention (iodine 150 pug) Placebo (no iodine)
Commercial name: MITT Commercial name:
VAL VEGETARIAN ENOMDAN

B, 1.4mg (87%)* Vitamin A 400 ug (50%)
B,, 15 ug (750%) Vitamin B, 1.4 mg (93%)
Iron 12mg (30%) Vitamin B, 1.7 mg (106 %)
Zinc 12mg (133%) Vitamin B, 1.8 mg (128%)
lodine 150 pg (85%) Vitamin B,, 3 pg (150%)
Selenium 50 pg (71%) Vitamin C 60 mg (70%)
Calcium 250 mg (28%) Vitamin D 5 pg (50%)
Vitamin E 10 mg (100%)
Niacin 19mg (111%)
Folic acid 200 ug (50%)

*Numbers in parentheses denote % of Recommended Daily Intake
(%RDI) during pregnancy.?
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with the study tablet. However, the women are not
permitted to take any other multivitamins besides the
study supplement.

Compliance: discontinuation

Participants are asked to bring the container with the
remaining pills to the visit in the third trimester. The
container is weighted and the percentage of intended
doses used is calculated. Mothers who no longer want to
participate in the study during pregnancy will be regarded
as dropouts and no further data will be collected. If there
is discontinuation in the children follow-up, children can
come to the next visit. If the discontinuation is perma-
nent, a registry search will still be done.

Outcomes

Outcomes in mothers

Outcomes in mothers will be assessed in the first, second
and third trimesters of pregnancy. UIC and thyroid
hormones will be measured in all three trimesters, and
thyroperoxidase (TPO) antibodies and TG in the first
and third trimesters.

Primary outcome in children

Cognition measured by IQ (total IQ) with focus on the
verbal compound (verbal IQ) at 7 years is the primary
outcome (Wechsler Intelligence Scale for Children,
WISC-V?).

Secondary outcomes in children

Cognition measured by IQ at 3.5 years (Wechsler Preschool
and Primary Scale of Intelligence-TV*) and at 14 years
(WISC-V*! or an equivalent adequate version at the time)
are secondary outcomes, together with outcomes related
to psychomotor development, behaviour and ADHD.
Psychomotor assessment will be done by the parents at 18
months (The Ages and Stages Questionnaire-3)* and by a
physiotherapist at 7 years (Movement Assessment Battery
for Children test).”* Behaviour will be assessed through
parental questionnaires, the Child Behavior Checklist
(CBCL); first at 3.5 years (CBCL 1-5),” then at 7 and
14 years (CBCL 6-18).® At 7 and 14 years, the Nordic
questionnaire 5-15"" will be used to assess ADHD-related
symptoms.

Parents also give their consent to a registry search at
3.5, 7 and 14 years regarding the inpatient and outpa-
tient registries for collecting information on medical
diagnoses, the drug registry, the medical birth registry,
quality registries, maternal, child and school healthcare
for medical and growth data, and educational registries.

In a subgroup of children (n=200), structural brain
changes will be evaluated by MRI of the brain (with a 3T
Philips MR scanner) at 7 and 14 years. Automatic segmen-
tation of the whole brain will be with Freesurfer” and
Maper, multiatlas propagation with enhanced registra-
tion.” Mediotemporal lobe (MTL) structures will be anal-
ysed through manual segmentation with custom software
developed in previous projects.* *! Subregional analyses
directed at regions of neurogenesis will be included.

Intracranial volume measured manually will enable reli-
able normalisation of MTL volumes. Other structural
and/or functional brain imaging methods may supple-
ment, or even replace, the described protocol, depending
on the state of knowledge at the time of study.

Possible confounding variables and background information
In children, UIC will be measured from the 3.5-year visit
and forward and dry blood spots will be collected for
thyroid hormones, TG and deiodinases at 7 and 14 years.
Background and confounding variables will be assessed at
18 months, and 3.5, 7 and 14 years.

Time frame for the study actions

Recruitment to the SWIDDICH study began in March
2017 and is planned to be completed in 2019. Currently,
75 of 1075 pregnant women have been included. Several
strategies are used to reach target sample size: a study
coordinator is employed to contact maternal healthcare
centres, and a stepwise reimbursement model is applied
to the maternal healthcare centres in case of high recruit-
ment rates; the National Food Agency promotes study
participation in their communication with maternal
healthcare centres; and local paediatricians are involved
to facilitate the children follow-up. The follow-up of
children was also offered to the families participating in
the pilot study (2012-2015), before the study extension
was decided. The time points for all study actions are
presented in table 2.

Patient and public involvement statement
Pregnant women were not involved in the planning of the
study.

CONSIDERATIONS

Considerations on the content of the intervention and the
‘Placebo’ tablets

The reason for choosing iodine-containing multivita-
mins instead of pure iodine tablets as the intervention is
to ensure future implementation of the study is feasible.
There are currently no pure iodine tablets available on
the market. In the planning state of the study, discussions
were initiated with pharmaceutical companies to provide
pure iodine tablets and placebo, but interest was low. In
the future, iodine in multivitamins will be the only avail-
able supplement source in most countries. Therefore, a
multivitamin containing 150 pg iodine was chosen for the
intervention and a multivitamin without minerals as the
comparator.

Other components in the multivitamin products,
besides iodine, may intervene with outcomes. It is
proposed that vitamin BI;Q * and iron** can have posi-
tive effects on the brain, and iron and selenium influ-
ence thyroid hormone levels.” ¥ Iron is found in TPO
enzyme that couples iodine to TG. Selenium is found
in deiodinases, such as D2, which converts T4 to T3,
and is also an antioxidant of the thyroid gland. Sweden
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Table 2 Summary of SWIDDICH study actions

Pregnancy Child follow-up
First pregnancy Weeks Weeks Weeks 18 14
Time point visit (<12weeks) 7-12 25-28 34-38 months 3.5years 7 years years
Enrolment
Information given X
Eligibility screen X
Informed consent X
Allocation X
Intervention
lodine 150 pg or placebo in
multivitamins ‘ ‘
Assessments First pregnancy  Weeks Weeks Weeks 18 3.5 years 7 years 14 years
visit (<12weeks) 7-12 25-28 34-38 months
Urinary iodine X X X X X X
concentration
Thyroid function* X X X X X
Milk iodine concentration
Cognition X X X
1Q WPPSI WISC WISC
Behaviour X X X
CBCL CBCL CBCL
Nordic Nordic
5-15 5-15
Psychomotor X X
development ASQ-3 Mov ABC
Brain MRI (subgroup) X X
Background information
EUthyroid SES X X X X
questionnaire adults
EUthyroid SES X
questionnaire children
Own questionnaire X X X X X X X

*FT4 TSH, thyroglobulin: serum sampling during pregnancy and dry blood spot sampling during children follow-up.

ASQ, The Ages and Stages Questionnaire; CBCL, Child Behavior Checklist; EUthyroid SES questionnaire, Socioeconomic Status
questionnaire, validated by EUthyroid foundation; Mov ABC, Movement Assessment Battery for Children; SWIDDICH, Swedish lodine in
Pregnancy and Development in Children; WISC, Wechsler Intelligence Scale for Children; WPPSI, Wechsler Preschool and Primary Scale of

Intelligence.

is a selenium-deficient country,”” but it is unclear
whether selenium deficiency affects cognitive outcome
in humans.*® B,, is higher in iodine-containing multi-
vitamins where iron and selenium also are included.
However, B, content in both placebo and interven-
tion tablets is, at least, equal to the recommended daily
intake for B ,; thus B, deficiency is not anticipated in
any of the groups. In addition, the iron content is low
and many pregnant Swedish women take a separate
100 mg iron supplement, which makes the 12mg iron
in the intervention tablet negligible. Iron, B,, and sele-
nium will be measured in a subpopulation to evaluate
possible group differences and contributions to thyroid
metabolism.

Considerations in choosing a realistic starting point for
intervention

Fetal brain development during the first 12 weeks is
dependent on maternal T4 levels. By initiating the inter-
vention at pregnancy weeks 7-12, a substantial part of
the first trimester is missed. Ideally, iodine supplements
may be initiated before conception. Practically, the
recruitment of women who plan a pregnancy is difficult,
as these women are not known by healthcare providers
before pregnancy. One way would be through adver-
tising in the newspaper to recruit women who are plan-
ning pregnancy. However, this would be ineffective and
create selection bias, as only 50% of those who fall preg-
nant have planned the pregnancy, and not every woman
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responds to an advertisement. Women are included at the
earliest possible stage and this is still far earlier than in a
recent publication by Casey et al” that included pregnant
women in mean gestational weeks 16.6-18.0 and found
negative results. The inclusion in the proposed study is
similar to that in the MITCH study, where women were
included in gestational weeks 10 and 11.**

Power calculation, data management, statistical
considerations and authorship

The sample size needed, excluding dropouts, is calculated
to 788 children (394 in each group) for an effect size of 3
1Q points with SD 15 and power 0.80. Currently, there are
no similar randomised studies for power calculation. The
smallest significant effect of 3 IQ points is in accordance
with an observational study,'? where children of mothers
with UIC<150pg/L during pregnancy had a 3-point
lower IQ at school age than children of mothers with
normal UIC during pregnancy. This expected effect from
iodine supplementation in mild ID is also suggested by
Troendle,49 where statistical considerations are discussed
for the possibility that the needed placebo controlled
study is conducted. Assuming a dropout frequency of
22% during pregnancy (which is in accordance with
preliminary data from the pilot study with 200 pregnant
women®) and 20% during the children follow-up, 1263
pregnant women need to be recruited to the study. This
sample size is in general agreement with Troendle," thus
the decision was made to try and recruit 1275 pregnant
women. The dropout frequency for the children follow-up
could be lower than estimated, as there are two occasions
for dropout and mothers who remain in the study after
the first follow-up can be assumed willing to continue
the study. The power calculation assumes the use of an
unpaired t-test between groups; however, more advanced
analyses could decrease variance, thus requiring a lower
sample size.

The sample size will be reassessed by calculating the
dropout frequency when 750 women are included and
when half of the children from the first 200 included
women have been invited to the 3.5-year neuropsycho-
logical evaluation. Sample size reassessment will be
conducted without unblinding the study groups.

A 100% compliance to the study medication is assumed,
as the results will be based on an intention-to-treat (ITT)
analysis. Compliance is monitored to enable a per-pro-
tocol analysis (only the compliant participants included)
to be added. However, the ITT approach reflects the
real-life clinical situation, in which a certain number of
patients are not compliant with the recommended treat-
ment, and this will be the foundation for future recom-
mendations on iodine supplementation to all pregnant
women.

A separate power calculation for the MRI investigation
has been done. This assumes the described protocol will
be followed, and a previous study of 11-year-old children
has been used for guidance.” To detect a 5% difference
with power 0.80, each group requires 60 children. As the

variation in the hippocampal volumes in 7-year-old chil-
dren could be slightly larger than in the previous study,”
and as dropout from the MRI at 14 years needs to be
considered, 100 children will be included in each group.

Coded collected data will be entered into a database,
with appropriate backup from the university servers. Key
lists will be kept safe and transfer of data to the databases
will be validated by random cross-checks with the orig-
inal data set. UIC analyses will be duplicated to promote
validity. For further details, see ethical applications (Diary
numbers: 431-12 approved 18 June 2012 (pregnancy
part) and 1089-16 approved 8 February 2017 (children
follow-up)) and https://clinicaltrials.gov/. All authors
will have access to all data and the statisticians will have
access to the data needed.

The choice of methods for comparing the main
outcome between the experimental and control groups
will be guided by the data distributions. In case of devi-
ation from normality assumptions, transformations of
data may be done. Non-parametric tests will be used for
non-normal and ordinal data. Possible confounders, such
as socioeconomic factors, other background information,
gestational age, thyroid hormones, TG, deiodinase poly-
morphisms and UIC, will be considered in the data anal-
yses. Repeated measurements in a mixed model (where
groups are compared repeatedly at 3.5, 7 and 14 years)
and within-group analyses are planned. The models will
also consider dropout frequency and recruitment from
different maternal healthcare centres, which will be used
as a factor in the analysis. For all dropouts, relevant back-
ground variables will be studied. Adjustments for bias may
be performed. For non-informative dropouts, methods
for multiple imputations will be considered. A multivar-
iate analysis with total grey, total brain volume, intracra-
nial volume, MTL volumes and possibly other measures
of brain structure and function as independent variables
will be conducted. The data analyses will be undertaken
by an experienced statistician. Authorship will be decided
according to the Declaration of Vancouver.

MRI considerations: where are changes from ID located?

T3 receptors are distributed among all brain areas with
high levels in the hippocampi and the cerebellar cortex.
Rodent data indicate T3 receptors are involved in the
regulation of hippocampal structure and function.” In
the human cerebral cortex, thyroid receptors are already
present in week 9 and concentrations increase up to 18
weeks of gestation.”® Considerable amounts of D2 are also
found in the cerebral cortex.” In the first half of preg-
nancy, the fetus is dependent on the mother’s supply
of thyroid hormones. In mild ID, the mother main-
tains serum thyroid hormone levels through unknown
compensatory mechanisms. In the second half of a mild
ID pregnancy, when the fetus partly relies on its own
thyroid hormone production, the fetus will be hypothy-
roid, as it has not developed compensatory mechanisms
and there is a lack of sufficient iodine levels transferred
by the mother.”
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Neuropsychological
development
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- AN Cognition
Fine motor Gross motor (1Q)
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Figure 1 Neuropsychological domains. Verbal cognitive function, as a subdomain of cognition, appears the most susceptible

subdomain for iodine deficiency and is the primary outcome of the Swedish lodine in Pregnancy and Development in Children

(SWIDDICH) study at the age of 7 years.

The description of neuropathology caused by ID is
limited to few observations from adult cretins, ranging
from severe cortical atrophy to almost normal appear-
ance. In areas with endemic goitre, fetuses aborted in the
second half of the pregnancy have a less differentiated
cerebral cortex.”® In rats, transient periods of thyroid
hormone insufficiency during periods of cortical develop-
ment affect cortical and hippocampal Cytoarchit(ecture.53

Human data from maternal hypothyroidism support
an effect on the brain, specifically on the hippocampus.54
These data are in line with the recent publication by
Korevaar et al,”” who conclude the relationship of IQ with
FT4 (in peripheral blood) exhibits a U-shaped configu-
ration with lower IQ levels in both ends of the normal
range. FT4 in this study55 is also associated with total grey
matter volume.

Considerations on the neuropsychological evaluation

Neuropsychological development can be divided into
three domains: psychomotor, cognitive (IQ) and socio-
emotional development (figure 1). There are five
landmark studies in the iodine field evaluating neuro-
psychological development in the offspring that use
neuropsychological tests: the Avon Longitudinal Study
of Parents and Children (UK)," Todine Supplementa-
tion During Pregnancy and Infant Neuropsychological
Development (INMA, Spalin),56 Generation R (Nether-
lands),” MITCH (India and Thailand)57 and Hynes e
al (Australia).”® Verbal cognitive function appears to be
the most susceptible subdomain for ID. In SWIDDICH,
verbal cognitive function and total IQ) were chosen (as the
latter is the best understood and requested) as primary

outcome measurements. As cognitive testing is less valid
at younger ages, verbal IQ at 7 years was chosen as the
primary evaluation time point, and all three domains
of neuropsychological development will be evaluated at
several follow-up times.

Implications for society and the individual

Impaired child development increases economic burdens
for society. Lowered IQ) is associated with worse economic
outcomes and lower lifetime earnings. Small decrements
in IQ around the mean are linked to lower incomes.”®*
IQ may be the easiest factor to quantify, but may not be
the factor with the most serious consequence for a ‘good
life’. Environmental factors, including ID, that place
the nervous system at risk may affect executive func-
tions, such as planning and initiating ideas, and result
in attention problems, impulsive behaviour and inability
to handle stress and disappointment, and can impede
success in school and in life and possibly lead to antiso-
cial behaviour.”

If the average IQ of a population drops, the IQ distri-
bution shifts and the number of individuals with low IQ
(eg, below 75 or 85, classified as intellectually disabled)
increases. In turn, this will also decrease the number
of gifted and exceptionally gifted people with high 1Q
(eg, above 130), who may have major positive impacts
on the immediate future for a company or a country. A
cost-benefit analysis of iodine supplementation in mild to
moderate ID has recently proved positive.”’

Based on the dollar value in 1987 in the USA, the cost
in terms of reduced income for a 1 point IQ reduction
has been calculated to nearly US$20.7billion per year.”* A
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3-point decline in IQ also impacts social costs in the USA”
and increases the risk of: poverty by 20% during the first
3years; low birth weight by 12%; being a recipient of welfare
by 18%; and high school dropout by 28%. Even though a
decline of a few IQ) points may be small for the individual,
the societal effects are considerable. As a small general risk
reduction entails a large social benefit, iodine supplemen-
tation could be a cost-effective action if the main hypothesis
of this study holds true.

Considerations on possible adverse effects of iodine or
placebo

Iodine supplementation may increase the frequency of post-
partum thyroiditis (PPT), as iodine affects autoimmunity63:
10%-15% of women already have PPT and this number
may increase slightly with iodine supplementation. As PPT
is not a dangerous condition and most cases resolve sponta-
neously, we consider the reduced risk for subnormal brain
developmentin a child motivates accepting the risk for PPT.
In Denmark, PPT was evaluated in a placebo controlled
trial in mild to moderate ID, and treatment did not increase
or worsen PPT.%

Excess iodine intake in the mother may block thyroid
function in the fetus, leading to hypothyroidism and
goitre, and is associated with poorer mental and psycho-
motor development or behaviour problems in chil-
dren.??%0%4 However, the risk for adverse effects of iodine
supplementation is higher in cases of preconception
ID due to sudden increase of iodine intake, and should
therefore not be the case in Sweden where the normal
population is iodine sufficient.”®

The placebo group is at risk of ID during pregnancy.
However, as there are no current recommendations for
iodine supplementation during pregnancy in Sweden,
this group follows normal management.

The intervention and the comparator are dietary supple-
ments, and the total intake of nutrients depends on the
diet. Information on adverse reactions is not collected.

CONCLUSION

The aim of this paper is to describe the study protocol for
the SWIDDICH research project and the considerations
that led to its design. The study attempts to further under-
stand the consequences of mild ID during pregnancy and
to test whether treatment of the mothers with iodine-con-
taining multivitamins improves outcome in the children.
As the study is the largest of its kind, it offers the poten-
tial for influencing future recommendations on iodine
supplementation with multivitamins to pregnant women
living in conditions of mild ID.
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