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Abstract

Maternal thyroid hormones facilitate optimal foetal neurodevelopment; however, the exact role of the thyroid hormones on specific cognitive outcomes is
unknown. The present study aimed to investigate associations between maternal thyroid function and neurodevelopmental outcomes in the Seychelles Child
Development Study (SCDS) Nutrition 2 cohort (# 1328). Maternal free thyroid hormones (fT3, fT4 and fTSH) were assessed at 28 weeks’ gestation with a
range of child cognitive outcomes analysed at 20 months. Dietary iodine intake was analysed for a subset of women through a Food Frequency
Questionnaire. Linear regression analysis was used to test associations between serum concentrations of maternal thyroid hormones and child neurode-
velopment outcomes. Thyroid hormones were analysed as continuous data and categorised as quintiles. 95 % of mothers had optimal thyroid function
based on fTSH concentrations. Overall, the present study shows that maternal thyroid function is not associated with neurodevelopmental outcomes
in this high fish-eating population. However, a positive association, using quintiles for fI3, was reported for the Mental Developmental Index, between
Q3 . Q4 (B 0-073; P 0-043) and for Q3 ». Q5 (B value 0-086; P 0-018). To conclude, mothers in our cohort, who largely have optimal thyroid function and
iodine intakes, appear able to regulate thyroid function throughout pregnancy to meet neurodevelopmental needs. However, it is possible that minor imbal-
ances of fT3, as indicated from our secondary analysis, may impact offspring neurodevelopment. Further investigation of the relationship between maternal
thyroid function and infant neurodevelopment is warranted, particularly in populations with different dietary patterns and thereby iodine intakes.
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Introduction thyroxine (T4), which are necessary throughout pregnancy

Todine is an essential micronutrient required for the produc- for adequate foetal neurodevelopment'”. During pregnancy,
tion of the thyroid hotmones, triiodothyronine (T3) and the maternal thyroid is stimulated by elevated thyroxine-

Abbreviations: FFQ: Food Frequency Questionnaire; fI3: free triiodothyronine; fT4: free thyroxine; MDI: Mental Developmental Index; PDI: Psychomotor Developmental
Index; TSH: thyroid-stimulating hormone
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binding globulin to produce more thyroid hormones as a result
of foetal and placental demand®”. Demand is further exacer-
bated by the immaturity of the foetal thyroid gland and although
this changes during mid-gestation, dependency upon maternal
iodine stores remains owing to the rapid transfer of iodide
across the placenta in tandem with the high foetal thyroidal
turnover™ %, As pregnancy progresses, mothers experience
enhanced renal iodine clearance and glomerular filtration rate,
making the maintenance of adequate foetal and maternal iodine
status more complex”’. The World Health Organization
(WHO) recommends an increased requirement for iodine
of 250 ug/d during pregnancy, which differs from the
150 ug/d  recommended for the general population®.
Clinically, iodine deficiency during pregnancy is defined as urin-
ary iodine concentrations (UIC) of <150 ug/1®.

Thyroid hormones play a crucial role in foetal neurodeve-
lopment. During the second half of the first trimester,
an adequate maternal supply of T4 is required to initiate neur-
onal proliferation and migration in the cerebral cortex'”.
Throughout the second trimester, there is a surge in maternal
thyroid hormones alongside a decline in thyroid-stimulating
hormone (TSH) that facilitates both growth and neurodeve-
lopmental mechanisms in the developing foetus®. Post-natal
neurodevelopment including further neuronal proliferation is
reliant upon adequate amounts of maternal thyroid hormones
transferred throughout each trimester.

During early pregnancy, maternal fT4 is the sole source of
thyroid hormones, with various studies reporting early preg-
nancy as a ctritical window for foetal neurodevelopment with
lower intelligence scores determined in later testing of the off-
spring"'*"'¥. Studies focused on this petiod of early gestation
(<20 weeks) have also reported that suboptimal eatly pregnancy
thyroid hormone concentrations may be associated with expres-
sive language delay, congenital malformations and increased
likelihood of problematic behaviour throughout childhood”.

Extensive research into the role of iodine in both growth
and neurodevelopment has confirmed that severe deficiency
throughout pregnancy is clinically manifested as cretinism
amongst children (e.g. stunted growth and abnormal cognitive
functioning)(ls). However, there is also evidence from several
countries to suggest negative implications of mild maternal iod-
ine deficiency during pregnancy. Indeed, the Avon Longitudinal
Study of Parents and Children (ALSPAC) in the UK found
that suboptimal iodine intake resulted in poor cognitive out-
comes relating to verbal 1Q), reading accuracy and reading
comprehension; these poor outcomes were observed amongst
the assessed cohort having a median UIC of 91-1 ug/1 IQR
53-8-143 ug/N"?. Furthermore, the Norwegian Mother and
Child Cohort Study (MoBa), correlated decreased iodine
intakes throughout pregnancy (defined as the mildly deficient
range of ~120 ug/d) to child language delay, increased behav-
four problems and reduced fine motor skills" .

The effect of excess iodine on thyroid function is classified
as the Wolff Chaikoff effect, a protective mechanism in place
to protect against the overproduction of thyroid hormones, as
excess fodine results in an inhibitory action on T4 synthesis'®.
Adults ate typically able to overcome the effect and thereby
protect against the development of hypothyroidism, but the

immature neonatal gland cannot!®. As such the foetus is
more susceptible to hypothyroidism and thereby longer-term
consequences on thyroid function®.

A paper published, in 2018, found that dietary iodine intakes
at both ends of the spectrum throughout pregnancy were asso-
ciated with poorer childhood neurodevelopment outcomes at
the 18-month stage; intakes of <220 ug/d as well as >391
ug/d resulted in lower cognitive, language and motor scores’"”.
Indeed, several studies support this work and the importance of
optimal thyroid hormone status throughout pregnancy particu-
latly that of T4, in relation to cognitive development, and have
concluded that there is an optimum range of concentrations
required® . These findings should be viewed with caution
but suggest that a delicate balance regarding thyroid function
and hormone concentrations is tequired throughout gesta-
tion®. The intake of iodine during pregnancy, however,
required to maintain TSH and T4 concentrations for optimal
neurodevelopment remains unknown.

The Seychellois population consume fish frequently in their
diet averaging up to nine portions a week and fish is one of the
richest sources of iodine in the diet®>**. Additionally, as part
of global efforts to eliminate iodine deficiency disorders, the
Seychellois Government has adopted the Universal Salt
Todisation (USI) programme, whereby iodised salt is added
both at the manufacturing stage and for home use in ppm
(parts per million)®”. Subsequently, it has been assumed
that the Seychellois population possess sufficient and poten-
tially even excess iodine intakes©®.

The aim of the present study is to investigate associations
between maternal thyroid function and neurodevelopmental out-
comes at 20 months of age in a high fish consuming population.

We measured thyroid hormones in Seychellois women at 28
weeks’ gestation during their third trimester and administered

a test battery to the children at 20 months of age.

Subjects and methods
Study population

The Seychelles Child Development Study is centred in the
Seychelles, a group of islands off the coast of Africa and has
been described previously elsewhere®”. The present study
was conducted according to the guidelines laid down in the
Declaration of Helsinki. Ethical approval for all procedures
involving human participants was obtained from the
Seychelles Ethics Board and the Research Subject Review
Board at the University of Rochester. Written informed con-
sent was obtained from all participants. The recruitment pro-
cess of the NC2 cohort is detailed in Fig. 1%7.

Analytical procedures

For the evaluation of thyroid function, concentrations of the
‘free’ thyroid hormones, denoted as fISH, fT3 and fT4,
were measured. Non-fasting maternal blood samples (30 ml)
were taken at 28 weeks’ gestation. The samples were processed
immediately (collection by antecubital venepuncture into evac-
uated serum tubes, placed onto water ice and allowed to sit for
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*Native Seychellois
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+Singleton Pregnancy

*No obvious health
concerns

NC2 Recruitment
(n=153%)

NC2 Mother-child pairs
(n=1432)

NC2 Mother-child pairs
included (n=1330)

Fig. 1. Recruitment process for mother—child pairs within the SCDS NC2.

30 min prior to being centrifuged at 2500 rpm for 15 min)
with the aliquots stored at —80°C until analysis. Serum ali-
quots were shipped to Ulster University before undergoing
analysis at the Institute of Clinical Chemistry and Laboratory
Medicine (IKCL) at the University Medicine Greifswald,
Germany. From serum samples, TSH, free triiodothyronine
(fI3) and free thyroxine (fI4) were analysed on the
Dimension Vista® 1500 System (Siemens Healthcare
Diagnostics, Eschborn, Germany). All analyses were per-
formed as single measurements. TSH, fT3 and fT'4 were ana-
lysed using Siemens chemiluminescent immunoassay assays
based on LOCI® technology (REF K6412, K6416, K6410).
Concentrations of fT4 are considered the best determinant
of thyroid function, but pregnancy-specific reference ranges
have yet to be established. Presently, maternal TSH within
the reference range of 0-3-3-0 mIU/1 is referred to as optimal
TSH based on recommendations by the American Thyroid
Association (ATA)®Y. Values outside of this range are referred
to as suboptimal.

Tests for the children included the Bayley Scales of Infant
Development (BSID-II) that yields a Mental Developmental
Index (MDI) and a Psychomotor Developmental Index

*Pre or perinatal death (n=19)
+<1500g at birth (n=6)

*Maternal issues (n=5)

*Twin births (n=34)

*Head trauma/seizure/disability (n=15)
*No longer interested/moved (n=27)

*Incomplete maternal
thyroid hormone
concentration data
(n=102)

e Removal of
extreme thyroid
hormone values

NC2 Mother-child pairs
included in final analysis
for this study (n=1328) (n=2)

(PDI); The McArthur-Bates Communicative Development
Inventory (CDI) that yields scores for total gestures, vocabu-
lary understood and vocabulary produced; and the Infant
Behaviour Questionnaire (IBQ-R) that gives scores for nega-
tive affect, effortful control and surgency (a personality factor
characterised by quickness and cleverness). These three tests
assess a range of verbal and non-verbal developments of the
offspring including language, communication and social inter-
action® 7,

The MDI assesses cognition through the evaluation of sen-
sory perception, knowledge, memory, problem solving and eatly
language. The PDI assesses the psychomotor development of
offspring and is viewed in tandem with the MDI as a means of
detailing children’s overall cognitive dcvelopment(z()). The
MacArthur-Bates Communicative Development Inventory
(CDI) measures expressive and receptive language func-
tions®”*". The IBQ measures behavioural development<34).
Maternal and Child Health nurses with special training in
assessing child development administered the test battery to
offspring and their parents at approximately 20 months of age.

Nutritionists at Ulster University designed a Food Frequency
Questionnaire (FFQ) specifically for use in the Seychelles. At
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28 weeks’ gestation, specially trained registered nurses admi-
nistered this FFQ to a subset of pregnant women (z 422)
to assess dietary intakes®”. The questionnaire asked partici-
pants to specify their average consumption of foods, including
various fish species, over the previous 6 months. It included a
total of 137 questions on a range of food items. Completed data
from the FFQs were entered into QBuilder software (Tinuviel,
version 4.0, Anglesey, UK) to estimate iodine intakes (1g/d) and
was adapted to incorporate specific Seychellois food items using
the Seychellois food composition database.

Statistics

Maternal and child characteristics were examined, and all data
were treated as continuous except for child sex. Based on the
Kolmogorov—Smirnov and Shapiro—Wilk tests, the data did not
have a normal distribution and so were log-transformed prior
to analysis. The removal of two participants with extreme values
for both fT3 and T4 resulted in » 1328 mothers for inclusion.

Multiple linear regression models were used to examine the
associations between maternal T4, fT3 and fTSH concentra-
tions and the children’s neurodevelopmental tests, first as con-
tinuous data. In addition, secondary linear regression models
were used to assess non-linear relationships, as evidence sug-
gests that extremes of thyroid hormones may impact cognitive
scores®. Concentrations of fT' 3, fT4 and fTSH were cate-
gorised into quintiles to test their relationships with cognitive
data. Quintile 3 was used as the normal reference value for
all thyroid hormones (Table 1).

Given the proportion of our cohort who completed the
FFQ (n 422; 32 %) and the limitations of dietary data, we
chose to use the iodine intake data estimated from the FFQ
for descriptive purposes only (Table 2).

Covariates

All models were adjusted for covariates measured within the
present study which are known to be associated with child
neurodevelopmental outcomes. These were selected a priori
as in previous analyses of this cohort. Covariates included
maternal age at enrolment; maternal BMI at 20 months; gesta-
tional age; child sex, child age at testing and, as reported by
mothers during pregnancy using questionnaires, maternal 1Q
using K-BIT; and family status and Hollingshead SES®?.
Statistical analysis was conducted using Statistical Package
for Social Sciences (SPSS, version 25, IBM, Chicago, IL,

Table 1. Quintile concentrations of maternal thyroid hormones (fT4, fT3
and fTSH) measured in the SCDS NC2 (n 1328)

Quintile T4 (umol/l) fTSH (mlU/1) fT3 (umol/l)

Qi <10-30 (n 246) <0-82 (n 264) <332 (n 262)
Q2 10-30-11-19(n 268)  0-82—1-09 (n277) 3-32—3-58 (1 269)
Q3 (Ref) 11-20-12-09 (n277) 1-09-1-39 (n262) 3.59-3-84 (n 259)
Q4 12.10-13.00 (n277) 1-40-1.80 (n266) 3-85-4-40 (n 269)
Q5 >13-00 (n 260) >1.80 (n 259) >4-41(n 269)

fTSH, free thyroid-stimulating hormone; mIU/I, milliunits per litre; fT4, free thyroxine;
umol/l, micromoles per litre; fT3, free triiodothyronine.

USA). Taking into consideration the covariates outlined, the
total number of women included in the adjusted analyses
was 7 1328. The level for determining statistical significance
for the two-tailed tests was set at P <0-05.

Results

Table 2 presents a summary of data for participant character-
istics. The median age of mothers included was 25-91 years
with the median gestational age of 39 weeks; a total of 111 pre-
mature births (<36 weeks) were recorded. Neurodevelopmental
testing was conducted on children between 15 and 32 months
(median of 20 months). Women included in the study had a
median BMI of 26-14 kg/m?, classifying them in the slightly
overweight category. For the subset of mothers who completed
the FFQ (» 422), their median iodine intake was 233 pg/d,
slightly below the recommended iodine intake for pregnancy
as advised by the WHO (>250 ug/d)®. Based on available
TSH measurements within our cohort (# 1328), 95% (n
1259) had concentrations within the range of 0-3 and 3-0
mIU/l, referred to as optimal thyroid function®. A total of
70 women (5%) had TSH concentrations either above or
below this range, classifying them as having suboptimal (<0-3
mIU/]) ot supraoptimal (>3-0 mIU/]) thyroid hormone status.
The T4 concentrations of these seventy women were also ana-
lysed with respect to the current reference range during preg-
nancy of 9-0-25-0 umol/I®®. Only one individual displayed
suboptimal T4 and TSH concentrations, potentially indicative
of a more serious thyroidal condition. For this analysis, all
women were included irrespective of whether their TSH was
classified as suboptimal or supraoptimal.

As shown in Table 3, there were no significant associations
overall between maternal concentrations of fI3, fT'4 or fTSH
and child neurodevelopmental outcomes, when adjusting for
the selected covariates as outlined.

Results of analyses examining relationships with quintiles of
each thyroid hormone (fT4, fI3 and fISH) are shown in
Tables 4-6. Table 4 depicts fT4, with no associations found
in this model. As shown in Table 5, our results indicate that
for both Q4 and Q5 of I3, there is a positive significant asso-
ciation with MDI, compared to the middle quintile (reference)
Q3, for Q4 (B 0-073; P 0-043) and for Q5 (B 0-086; P 0-018).
This difference suggests that higher concentrations of fI3
when compared to the reference quintile and thereby lower
concentrations were associated with improved scores on the
MDI. Table 6 illustrates fTSH, which like fT4 showed no asso-
ciation in this model. These results are illustrated by box plots
in Fig. 2.

Discussion

We found no association between maternal thyroid function
during pregnancy and children’s neurodevelopmental out-
comes at 20 months in the Seychelles Child Development
Study (SCDS). In this cohort, mothers largely had optimal iod-
ine intakes and thyroid function and only a small number were
above or below the reference range. In the Seychelles, mothers
appear to regulate thyroid function throughout pregnancy in
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Table 2. Study characteristics of mothers in the SCDS

N Median 25th percentile 75th percentile Max. Min.
Maternal age (years) 1534 25-91 21-90 31.19 46-56 14.82
Maternal BMI (kg/m?) 1408 26-14 21-91 30-97 49.65 14.82
Gestational Age (weeks) 1473 39.00 38-00 40-00 41.00 26-00
Pre-term births 111 - - - - -
Mother's 1Q (KBIT) 1475 30-00 25.00 35-00 -9.00 46-00
lodine intake (ug/d) 422 233-00 153.75 387-50 1503 33
Family status 1473 1-00 0-00 1-00 0-00 1-00
Hollingshead SES 1473 31-50 24-00 39-50 63-00 11.00
Child age at testing 1472 20-00 20-00 21.00 32:00 15-00
fTSH (mlU/l) 1329 1-24 0-90 1-68 16-80 0-25
fT4 (umol/l) 1330 11.60 10-50 12.70 16-80 0-03
fT3 (umol/l) 1330 373 3-38 4.06 32-80 1-24

BMI, body mass index; 1Q (KBIT), Intelligence Quotient (Kaufman Brief Intelligence Test); SES, socio-economic status; fTSH, free thyroid-stimulating hormone; ug/d, micrograms
per day; mlU/l, milliunits per litre; fT4, free thyroxine; umol/l, micromoles per litre; fT3, free triiodothyronine.

order to meet the neurodevelopmental needs of their children.
However, we did detect some positive associations with neu-
rodevelopmental outcomes. When T3 was assessed categoric-
ally using quintiles, the higher quintile measurements of fI'3
(Q4 and Q5) compared to the middle quintile showed
improvement in the BSID MDIL

The Seychellois population are proposed to have adequate
exposure to dietary iodine through both their high fish con-
sumption, the implementation of iodised salt, and salt used
both in the home and within the food industry (i.e. processed
items such as bread), with this confirmed by our estimated
intake of 233 pg/ d@. Despite this high intake, there was no
adverse association with neurodevelopment, an important
finding, given the adverse effect of high iodine intakes on thy-
roid function and thereby offspring neurodevelopment previ-
ously reported”’”. Nevertheless, in countries with lower fish
intake and lack of iodised salt programmes, this may not be
the same. As such it remains important for future work to
be conducted amongst populations with varying intakes of
iodine-rich foods to further investigate the associations
between thyroid function and neurodevelopment!®'".

The importance of adequate maternal thyroid hormone con-
centrations in relation to optimal cognitive functioning has
previously been conducted as part of the SCDS testing.

Davidson e al. conducted analysis on the NC1 cohort (#
300) and found a significant association between maternal
TSH concentrations and scores on the Percentage
Anticipatory Saccades clement of the Fagan Infantest™?.
They reported increasing maternal TSH concentrations were
associated with a decrease in Percentage Anticipatory
Saccades indicating improved performance amongst the
assessed children at 5 months of age®”. As the NC2 cohort
is larger (# 1535) compared to the NC1 cohort (# 300), and
in tandem with both the high and changing fish consumption
amongst the Seychellois cohort, further investigations into
maternal thyroid function were justified as part of the present
study. Previously conducted studies have reported that there is
a delicate balance regarding thyroid hormone measurements
and cognitive outcomes, with measurement being time-specific
and higher/lower values not necessarily indicative of a simple
better or worse relationship®>*?. Tt is indeed possible that
minor imbalances in fI3, as indicated in our quintile analysis
(Q3 ». Q4 and Q3 ». Q5), may still be associated with child
neurodevelopment. However, given the lack of association in
our primary model, the small number of participants in high
and low quintiles and the strength of the association found,
further research would be needed to confirm this. Recent
work has also highlighted the importance of understanding

Table 3. Associations between maternal concentrations of fT3, fT4 and fTSH with child neurodevelopment outcomes?®

fT3 (umol/l) fT4 (umol/l) fTSH (mIU/1)
ND test B 95 % CI Pvalue B 95 % CI Pvalue B 95 % CI Pvalue
PDI —0-11  (—10-726, 7-241) 0704 —-0-049 (—18-276, 1-560) 0099 -0.005 (—2-787,2-326) 0-860
MDI —0-031 (—13.946, 4-024) 0279 —0-032 (—15-514, 4.430) 0-276 0-001 (—2-519, 2.620) 0-969
IBQ Surg —0-004 (—0-662, 0-585) 0904 —0.041 (—1-208, 0-197) 0-158 0006 (—0-161, 0-200) 0-831
IBG Neg Affect 0-003 (—0-788, 0-875) 0-918 0-005 (—0-857,1-018) 0-866 —0-031 (—0-370, 0-112) 0-293
IBQ Effortful Control —0-026 (—0-878, 0-336) 0-381 —0-.04 (—1-162, 0-206) 0-171 0-026 (—0-094, 0-258) 0-361
CDI Part | Vocab Prod 0-008 (—61-376,81-406) 0-783 —0-013 (—100-973,64-398) 0-664 —0-001 (—21.535,20-924) 0.978
CDI Part | Vocab 0 (—74-428, 75-178)  0-992 0-003 (—81-382, 89-442) 0-926 —-0-05 (—23-.975,19-881) 0-855
Understand
CDI Part | Total Gestures —0-013 (—8-847, 5-299) 0-650 -0-02 (—10-487, 5-127) 0-501 0-015  (—1-469, 2-540) 0-600

ND, neurodevelopment test; mlU/I, milliunits per litre; umol/l, micromoles per litre; fT4, free thyroxine; fT3, free triiodothyronine; fTSH, free thyroid-stimulating hormone; MDI, Mental
Development Index; PDI, Psychomotor Development Index; IBQ Surg, Infant Behaviour Record-Revised Surgency; IBQ Neg Aff, Infant Behaviour Record-Revised Negative
Affect; IBQ Effor Cont, Infant Behaviour Record-Revised Effortful Control; CDI Part | Voca Prod, MacArthur-Bates Communicative Development Inventories Vocab Produced;
CDI Part | Voca Und, MacArthur-Bates Communicative Development Inventories Vocab Understand; CDI Part | Total Ges, MacArthur-Bates Communicative Development

Inventories Total Gestures.
2 Data were log transformed.
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P value
0-330
0-440
0-212
0-625
0-814
0-296
0-068
0-073

Q5 (n 259)
95 % Cl

(=1171, 2:691)

(0222, 0.049)

(~0-226, 0-136)
(~0-116, 0-148)

(—7-447, 24.448)
(~1-151, 31.573)
(—0-129, 2.875)

(—2.986, 0-974)

B
—0-036
0-028
—0-045
—0-018
0-009
0-038
0-066
0-064

P value
0-818
0-426
0.222
0-561
0-779
0-440
0-416
0-195

Q4 (n 266)
95 % Cl

(—2-116, 1-672)
(—2-666, 1-126)
(—0-217, 0-050)
(—0-231, 0-125)
(—0-111, 0-149)
(—21.878, 9:515)
(—22.916, 9-470)
(—2-457, 0-500)

B
—0-009
—0-029
—0-044
—0-021

0-01
—0-028

—0-03
—0-046

P value
0-674
0-992
0-261
0-627
0-618
0-383
0-528
0-326

Q2 (n277)
95 % Cl
(—2.279, 1.474)
(—1-864, 1-883)
(—0-208, 0-056)
(—10-866, 21-187)
(—0-730, 2:197)

(—0-220, 0-132)
(—0-161, 0-096)

(—8-629, 22.441)

B
—0-016

0

—0-041
—0-018
—0-018
0-032
0-023
0-035

P value
0-321
0-610
0-072
0-101
0-431
0-969
0-683
0-942

Q1 (n 264)
95 % Cl
(—2.867, 0-939)
(—1-407, 2.396)
(—0-258, 0-011)
(—16-120, 15.487)
(—12.910, 19-695)

(—0-329, 0-029)
(—0-078, 0-183)
(—1-433, 1543)

0-018
—0-065
—0-06
0-029
—0-001
0-015
0-003

—0-037
Development Inventories Vocab Produced; CDI Part | Voca Und, MacArthur-Bates Communicative Development Inventories Vocab Understand; CDI Part | Total Ges: MacArthur-Bates Communicative Development Inventories Total Gestures.

Surg, Infant Behaviour Record-Revised Surgency; IBQ Neg Aff, Infant Behaviour Record-Revised Negative Affect; IBQ Effor Cont, Infant Behaviour Record-Revised Effortful Control; CDI Part | Voca Prod, MacArthur-Bates Communicative
2 Reference value Q3: 1-09-1-39 (n 262).

ND, neurodevelopment test; fTSH, free thyroid-stimulating hormone; Q1: <0-82 mlU/l; Q2: 0-82—1-09 mIU/I ; Q3: 1-09—-1-39 mIU/I; Q4: 1-40—1-80 mIU/I; Q5: >1-80 mIU/I; MDI: Mental Development Index; PDI, Psychomotor Development Index; IBQ

Table 6. Associations between maternal fTSH quintiles and child neurodevelopment outcomes at 20 months of age in the cohort of 13282

ND test

PDI

MDI

1BQ Surg

IBG Neg Affect

IBQ Effortful Control

CDI Part | Vocab Prod

CDI Part | Vocab Understand
CDI Part | Total Gestures
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the natural fluctuation of thyroid hormones throughout preg-
nancy and the potential implications, positive or negative, that
may occur with respect to cognitive outcomes in offspring®”.
Several authors have described the role of maternal T4 sup-
plied to the developing foetus as facilitating growth and devel-
opment of the neuronal cortex, hippocampus, cochlea and
cerebellum® . Future studies should give particular attention
to the importance of measuring thyroid hormones at earlier
stages in gestation such as during the first trimester with
respect to neurodevelopment®?,

Our findings are consistent with those of Threapleton ef /.,
who also found no associations between maternal thyroid
function and child cognitive outcomes in a large UK cohort.
This work suggested that the WHO thresholds may be inad-
equate and that alternative functional biomarkers for iodine
status in pregnancy could be identified and thus may provide
additional insight®®. However, the findings of Threapleton
et al’s work and the overall conclusion drawn from our
research are in contrast with various other studies which
have found associations between maternal thyroid status dut-
ing pregnancy and neurodevelopmental outcomes in offspring.
There are reports that offspring born to mothers with low thy-
roid function in pregnancy had impaired childhood cognitive
function with women classified as thyroid deficient during
pregnancy having offspring with IQ scores of 4-7 points
lower based on the Wechsler Intelligence Scale for Children
(WISO)®™®. On examining the association of maternal
TSH and T4 with children’s brain volume determined
by MRI at age 10 years, both deficient and excessive con-
centrations throughout pregnancy resulted in smaller brain
volume®”. It is worth noting that these studies were observa-
tional and conducted in different countries (The Netherlands
and USA) which have different dietary patterns, exposure to
iodised salt and population ethnicities.

The present study has several strengths, and it is a large
sample size in a well-characterised population. The measure-
ments of thyroid hormones were robust, and we were able
to account for numerous covariates known to influence neuro-
development. Moreover, we also measured a range of neuro-
developmental outcomes in the offspring.

Like all epidemiology studies, it also has some limitations. We
measured thyroid hormones in the third trimester and were
unable to determine the impact that concentrations of the mater-
nal thyroid hormones might have upon neurodevelopment earl-
ier in pregnancy. However, previous research conducted by both
Lee e al. and Fuse e al. does indicate that thyroidal changes
throughout pregnancy are minimal in iodine sufficient areas,
such as Japan and Korea as assessed in these studies, and sub-
sequently the Seychelles as analysed in the present study™*V.
Thus, it is plausible that the 28-week time point used as a testing
point within our Seychellois cohott, who are known to be iodine
sufficient, is potentially not dissimilar to thyroid hormone mea-
surements which could be taken at an earlier time point during
gestation, e.g. first trimester. We did not measure the iodine
composition of Seychellois fish which could have impacted the
accuracy of intake data, nor do we have dietary data for the com-
plete cohort. Additionally, our estimation of iodine intake in the
present study was based on food composition data for the UK.
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Fig. 2. Boxplots of the positive associations between the three cognitive tests MDI, IBQ Negative Affect and CDI Part | Understand and the quintiles of fT3. MDI,
Mental Development Index; fT3, triiodothyronine; IBQ Negative Affect, Infant Behaviour Questionnaire Negative Affect; CDI Part | Vocab Understand,

Communicative Development Inventory Vocabulary Understand.

Despite the knowledge that either too high or too low
intakes of iodine are associated with poorer childhood neuro-
developmental outcomes in an iodine sufficient population®'”,
it is important for future investigations to be conducted within
cohorts with a different dietary pattern than that of the
Seychellois population.

Conclusion

The overall findings of our longjtudinal study show that there are
no associations between maternal thyroid function during preg-
nancy and cognitive outcomes at 20 months in the SCDS.
Despite high iodine intakes, which could potentially disrupt mater-
nal thyroid function, there is no evidence of adverse cognitive out-
comes in offspring in this high fish-eating population. Secondary
analysis revealed positive associations between a higher maternal
fI3 concentration and the MDI scores of children when a non-
linear relationship with fI'3 was tested by quintile analysis. These
results point to the delicate balance required of thyroid function
during pregnancy for optimal offspring neurodevelopment, results
which warrant further advancement by future studies.

Acknowledgments

Funding has been provided as part of the Seychelles Child
Development Study, Nutrition Cohort 2 grant (National
Institute of Health (NIH) RO1-ES010219) which has sup-
ported the PhD studies of the first author (A.M.M.).

AMM., MSM., EMM.S, JJ.S., Ev.W,, GJ.M.,, PW.D.,
CS., J.G. and A].Y. all facilitated paper preparation including
manuscript formatting and statistical analysis help. T.W. facili-
tated the analysis of samples alongside the writing of the meth-
odology section.

The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki and all

procedures involving human subjects were approved by the
Seychelles Ethics Board and the Research Subject Review
Board at the University of Rochester. Written informed con-
sent was obtained from all subjects/patients.

There are no conflicts of interest.

References

1. Velasco I, Bath SC & Rayman MP (2018) Iodine as essential nutti-
ent during the first 1000 days of life. Nuzrients 10, 290, 1-16.

2. Yarrington C & Pearce EN (2011) Iodine and pregnancy. | Thyroid
Res 2011, 1-8.

3. Leung AM, Pearce EN & Braverman LS (2011) Iodine nutrition in
pregnancy and lactation. Endocrinol Metabol Clin North A 40, 765—
777.

4. Burrow GM, Fischer DA & Larsen PR (1994) Maternal and foetal
thyroid function. N Eng/ | Med 331, 1072-1078.

5. Leung AM (2012) Thyroid function in pregnancy. | Trace Elem Med
Biio/ 26, 137-140.

6. Pearce EN, Bath SC & Rayman MP (2012) Effects of iodine defi-
ciency in pregnancy. | Trace Elem Med Biol 26, 131-133.

7. Moog KN, Entringer S, Heim C, ez a/. (2017) Influence of maternal
thyroid hormones during gestation on foetal brain development.
Neuroscience 342, 68—100.

8. Skeaff SA (2010) Iodine deficiency in pregnancy: the effect on neu-
rodevelopment in the child. Nutrients 3, 265-273.

9. Williams GR (2008) Neurodevelopmental and neurophysiological
actions of thyroid hormones. | Newuroendocrinol 20, 784—794.

10.  Levie D, Korevaar TIM, Bath SC, ¢f a/. (2018) Thyroid function in
early pregnancy, child 1Q, and autistic traits: a meta-analysis of
individual-participant data. | Clin Endocrinol Metabol 103, 2967-2979.

11.  LiY, Shan Z & Teng W (2010) Abnormalities of maternal thyroid
function during pregnancy affect neuropsychological development
of their children at 25-30 months. C/in Endocrinol 72, 825-829.

12.  Henrichs J, Bongers-Schokking JJ & Schenk JJ (2010) Maternal thy-
roid function during eatly pregnancy and cognitive functioning in
early childhood: the generation R study. | Clin Endocrino! Metabol
95, 4227-4234.

13. Su PY, Huang K & Hao JH (2011) Maternal thyroid function in the
first twenty weeks of pregnancy and subsequent foetal and infant


https://doi.org/10.1017/jns.2021.66

https://doi.org/10.1017/jns.2021.66 Published online by Cambridge University Press

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

development: a prospective population-based cohort study in
China. | Clin Endocrinol Metabol 96, 3234-3241.

Ghassabian A, Bongers-Schokking JJ & Henrichs ] (2011) Maternal
thyroid function during pregnancy and behavioural problems in the
offspring: the generation R study. Paediat Res 69, 454—459.
Pharoah P, Buttfield IH & Hetzel BS (2012) Neurological damage
to the foetus resulting from severe iodine deficiency during preg-
nancy. Int | Epidemiol 41, 589—592.

Bath SC, Steer CD, Golding ], ¢f /. (2013) Effect of inadequate iod-
ine status in UK pregnant women on cognitive outcomes in their
children: results from the Avon Longitudinal Study of Parents
and Children (ALSPAC). Lancet 382, 331-337.

Abel MH, Caspersen IA, Meltzer HM, et al. (2017) Suboptimal
maternal iodine intake Is associated with impaired child neurodeve-
lopment at 3 years of age in the Norwegian Mother and Child
Cohort Study. | Nutr 147, 1314-1324.

Wolff J, Chaikoff 1L, Goldberg RC, ¢ a/. (1949) The temporary
nature of the inhibitory action of excess iodide on organic iodine
synthesis in the normal thyroid. Endocrinology 45, 504-513.

Zhou §J, Condo D, Ryan P, ¢ al. (2018) Association between
maternal iodine intake in pregnancy and childhood neurodevelop-
ment at Age 18 months. Aw | Epidemiol 1-7.

Glioner D (2004) The regulation of thyroid function during normal
pregnancy: importance of the iodine nutrition status. Best Pract Res
Clin Endocrinol Metabol 18, 133—152.

Vermiglo F, Lo Presti VP, Moleti M, e al. (2004) Attention deficit
and hyperactivity disorders in the offspring of mothers exposed to
mild-moderate iodine deficiency: a possible novel iodine deficiency
disorder in developed countries. | Clin Endocrinol Metabol 89, 6054—
6060.

Korevaar TIM, Muetzel R, Medici M, ¢ al. (2016) Association of
maternal thyroid function during eatly pregnancy with offspring
1Q and brain morphology in childhood: a population-based pro-
spective cohort study. Lancet Diabetes Endocrinol 4, 35—43.

National Health Service (NHS) (2018) Fish and Shellfish. https://
www.nhs.uk/live-well / eat-well/ fish-and-shellfish-nutrition/.
Davidson PW, Strain JJ, Myers GJ, e al (2008)
Neurodevelopmental effects of maternal nutritional status and
exposure to methylmercury from eating fish during pregnancy.
Neurotoxicology 29, 767-775.

Nutrition International (2020) Salt Iodization: A Global Health
Success Story. https://www.nutritionintl.org/what-we-do/by-pro-
grams/salt-iodization/.

IDD Newsletter (2020) Sustainable elimination of IDD in Eastern
and Southern Africa. https://www.ign.org/newsletter/idd_no-
v20_eastern-and-southern-africa.pdf.

Strain JJ, Yeates A, Van Wijngaarden E, ¢ a/. (2015) Prenatal expos-
ure to methyl mercury from fish consumption and polyunsaturated
fatty acids: associations with child development at 20 mo. of age in

28.

29.

30.

33.

34.

35.

36.

37.

38.

39.

40.

41.

an observational study in the Republic of Seychelles. A | Clin Nutr
101, 530-537.

American Thyroid Association (ATA) (2014) Thyroid Function Tests.
https://www.thyroid.otg/wp-content/uploads/patients/bro-
chures/ FunctionTests_brochure.pdf.

Lowe JR, Erickson SJ, Schrader R, ¢# a/. (2012) Comparison of the
Bayley II Mental Developmental Index, and the Bayley III
Cognitive Scale: are we measuring the same thing? Acta Paediatr
101, 55-58.

Mayor ] & Mani N (2018) A short version of the MacArthur—Bates
Communicative Development Inventories with high validity. Bebav
Res Methods 51, 2248-2255.

The MacArthur-Bates Communicative Development Inventories
(MB-CDIs) (2015) MacArthur-Bates CDI. https://mb-cdi.stan-
ford.edu/index.html.

Van Schagen Johnson A, Leerkes EM, Reboussin BA, e a/. (2016)
Measuring negative emotionality using the Infant Behaviour
Questionnaire-Revised Very Short Form in a low income, diverse
sample. Infant Behay Dev 42, 100-103.

Conway MC, Mulhern MS, McSotley EM, ¢t al. (2018) Dietary
determinants of polyunsaturated fatty acids (PUFA) status in a
high fish-eating cohort during pregnancy. Nutrients 10, 927.
Andersen SL, Andersen S, Vestergaard P, ¢ al. (2018) Maternal thy-
roid function in early pregnancy and child neurodevelopmental dis-
orders: a Danish nationwide case-cohort study. Thyrid 28, 537-546.
Mahadik K, Choudhaty P & Roy PK (2020) Study of thyroid func-
tion in pregnancy, its feto-maternal outcome; a prospective obser-
vational study. BMC Pregnancy Childbirth 20, 1-7.

Threapleton DE, Snart CJP, Hardie L], ¢z 2/ (2021) Maternal iodine
status in a multi-ethnic UK birth cohort: associations with child
cognitive and educational development. Paediatr Perinat Epidemiol
35, 236-246.

Man EB, Brown JF & Serunian SA (1991) Maternal hypothyroxi-
naemia: psychoneurological deficits of progeny. Ann Clin Lab Sci
21, 227-239.

Haddow JE, Palomaki GE & Allan WC (1999) Maternal thyroid
deficiency during pregnancy and subsequent neuropsychological
development of the child. N Eng/ | Med 341, 549-555.

Jansen TA, Korevaar TIM, Mulder TA, ez al. (2019) Maternal thy-
roid function during pregnancy and child brain morphology: a time
window-specific analysis of a prospective cohort. Lancet 7, 629—-637.
Lee WA, Cho SW, Sung HK, ¢ a/. (2018) Effects of maternal iodine
Status during pregnancy and lactation on maternal thyroid function
and offspring growth and development: a prospective study proto-
col for the ideal breast milk cohort. Endocrinol Metabol 33, 395—402.
Fuse Y, Ohashi T, Yamaguchi S, ¢ a/. (2011) Iodine status of preg-
nant and postpartum Japanese women: effect of iodine intake on
maternal and neonatal thyroid function in an iodine-sufficient
area. | Clin Endocrinol Metab 96, 3846—3854.


https://www.nhs.uk/live-well/eat-well/fish-and-shellfish-nutrition/
https://www.nhs.uk/live-well/eat-well/fish-and-shellfish-nutrition/
https://www.nhs.uk/live-well/eat-well/fish-and-shellfish-nutrition/
https://www.nutritionintl.org/what-we-do/by-programs/salt-iodization/
https://www.nutritionintl.org/what-we-do/by-programs/salt-iodization/
https://www.nutritionintl.org/what-we-do/by-programs/salt-iodization/
https://www.ign.org/newsletter/idd_nov20_eastern-and-southern-africa.pdf
https://www.ign.org/newsletter/idd_nov20_eastern-and-southern-africa.pdf
https://www.ign.org/newsletter/idd_nov20_eastern-and-southern-africa.pdf
https://www.thyroid.org/wp-content/uploads/patients/brochures/FunctionTests_brochure.pdf
https://www.thyroid.org/wp-content/uploads/patients/brochures/FunctionTests_brochure.pdf
https://www.thyroid.org/wp-content/uploads/patients/brochures/FunctionTests_brochure.pdf
https://mb-cdi.stanford.edu/index.html
https://mb-cdi.stanford.edu/index.html
https://mb-cdi.stanford.edu/index.html
https://doi.org/10.1017/jns.2021.66

	Associations between maternal thyroid function in pregnancy and child neurodevelopmental outcomes at 20 months in the Seychelles Child Development Study, Nutrition Cohort 2 (SCDS NC2)
	Introduction
	Subjects and methods
	Study population
	Analytical procedures
	Test battery
	Iodine intake
	Statistics
	Covariates

	Results
	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


