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Background: Maternal hypothyroidism and/or hypothyroxinemia have been associated with child’s poor
neuropsychological development, but the results have been inconsistent.

Methods: The Northern Finland Birth Cohort 1986 included all expected births within a year (9362 women, 9479
children) from the two northernmost provinces of Finland. Maternal serum samples (n=5791) were obtained in
early pregnancy (M = SD=10.7£2.8 weeks’ gestation), and serum samples from their children were obtained at
16 years of age (n=5829). All samples were analyzed for thyrotropin, free thyroxine (fT4), and thyroid peroxidase
antibodies. The children’s school performance was evaluated by their main teachers at eight years of age, as well
as by the adolescents themselves at 16 years of age. Data on possible severe intellectual deficiency and mild
cognitive limitation were collected from healthcare records and registries for all children. Logistic regression
estimated the odds of poor school performance or severe intellectual deficiency/mild cognitive limitation asso-
ciated with exposure to maternal thyroid dysfunction. The odds of poor school performance associated with the
adolescents’ own thyroid function at age 16 were also estimated. Results are presented as odds ratios (OR) with
confidence intervals (CI), adjusted for maternal/family covariates and child’s sex.

Results: Girls of mothers with subclinical hypothyroidism had more self-evaluated difficulties in mathematics
than did girls of euthyroid mothers (OR 1.62 [CI 1.06-2.49]). Boys of hypothyroxinemic mothers repeated a
school class more often than did boys of euthyroid mothers (OR 5.46 [CI 1.19-25.06]). Adolescents of hyper-
thyroid mothers had increased odds of poor self-evaluated performance in mathematics (OR 1.61 [CI 1.01-2.49]).
Maternal thyroid dysfunction did not increase the odds of a child having severe intellectual deficiency/mild
cognitive limitation. At 16 years of age, girls with hyperthyroidism by laboratory measurements had more
difficulties in Finnish language (OR 2.82 [CI 1.42-5.61]) than did euthyroid girls. Boys with hypothyroxinemia by
laboratory measurement had higher odds of having difficulties in Finnish and/or mathematics (OR 2.13 [CI 1.26—
3.62]) than did euthyroid boys.

Conclusions: Maternal thyroid dysfunction during early pregnancy was associated with poorer scholastic per-
formance of the adolescent. Additionally, adolescents’ own thyroid dysfunction was associated with difficulties in
school performance assessed by self-evaluation.

Introduction needed for normal neuronal migration and maturation (2,3).
Children of mothers with inadequately treated hypothyroid-

URING EARLY PREGNANCY, A CRUCIAL TIME for neuro- ism or low free thyroxine (fT4) levels (hypothyroxinemia)
development, the fetus is totally dependent on maternal  during pregnancy have been shown to be at risk of lower full-
thyroid hormone supply (1). Maternal thyroid hormones are  scale IQ scores (4-7), reduced performance in motor skills
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(1,5,8,9), and increased reaction time (10). Maternal hy-
pothyroxinemia has also been associated with child’s poorer
psychomotor development (5,8,11), a delay in expressive
language and nonverbal cognition (12), and autism (13). In-
terestingly, maternal thyroid autoimmune disease has been
associated with poorer IQ and overall mental scores in the
offspring (5,14,15), but the mechanism underlying the asso-
ciation is unclear.

However, some studies have not revealed an association
between maternal hypothyroidism or hypothyroxinemia and
child’s neurodevelopment or IQ (9,16-18). Treatment of
maternal hypothyroidism with levothyroxine has improved
children’s IQ scores in some studies (4,17-19), but in a
randomized trial of levothyroxine treatment for maternal
hypothyroidism or hypothyroxinemia during pregnancy, 1Q
scores of children did not improve (16).

To the authors’ knowledge, there are no previous studies
evaluating the effect of early pregnancy maternal thyroid
function on child’s scholastic performance. To address this
data gap, this study investigated the effects of maternal early
pregnancy thyroid function and maternal thyroid antibody
status on children’s school performance. Additionally, the
association between maternal thyroid function and preva-
lence of severe intellectual deficiency or mild cognitive
limitation in the children was studied. Furthermore, since
maternal thyroid function has been shown to associate with
child’s thyroid function (20), the association between child’s
thyroid function and school performance and attention deficit
hyperactivity disorder (ADHD) in adolescence was studied.

Materials and Methods
Northern Finland Birth Cohort 1986

The prospective Northern Finland Birth Cohort 1986
(NFBC 1986) covers 99% of all births with calculated term
between July 1, 1985, and June 30, 1986, drawn from the two
northernmost provinces of Finland (9362 mothers, 9479 chil-
dren). Maternal and family demographics, maternal health
data, and data on pregnancy, delivery, and neonatal outcomes
were collected during routine visits in communal free-of-
charge maternity welfare clinics (participation rate 99.8%) and
via questionnaires during the index pregnancy. All mothers
were recruited to the study at 24 weeks’ gestation, but their
follow-up started at the first visit to a maternity welfare clinic
at 8—12 weeks’ gestation (21,22).

After birth, data on the health of cohort children and fa-
milial demographics were obtained via visits to communal
child welfare clinics, questionnaires, and clinical examina-
tion, supplemented with data from national registers up to 16
years of age (22). The latest clinical examination with drawn
blood samples was conducted at 16 years of age (20).

Informed consent was obtained from all subjects. The
Ethics Committees of the Northern Ostrobothnia Hospital
District and the National Institute for Health and Welfare
approved this study.

The Finnish school system

All Finnish children attend a compulsory comprehensive
school for nine years at 7-16 years of age. All education in
Finland is free of charge, and the education system has high
concordance in different regions according to Organization
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of Economic Cooperation and Development Program in Sec-
ondary Assessment surveys (Organization of Economic Co-
operation and Development Program in Secondary Assessment;
http://dx.doi.org/10.1787/9789264091450-¢). Teachers in Fin-
land are highly educated, with master’s university degrees. The
first six years of compulsory education are mainly taught by
class teachers (only one main teacher per class), and years 7-9
are taught by specialized subject teachers. Most students with
minor learning or adjustment problems attend regular education,
but are entitled to remedial teaching. Students who cannot fol-
low education because of a disability, illness, delayed devel-
opment, or some other reason can be admitted to or transferred
to special needs education. Whenever possible, special needs
education is integrated into regular education or given in a
special class. Each student with special learning needs has an
individual teaching and learning plan.

Evaluation of child’s scholastic performance and ADHD

When the cohort children were seven to eight years old,
data concerning their growth, development, health, school
and family type, and social situation were gathered from the
parents using a postal questionnaire (response rate n=_8416;
90% of the NFBC 1986). Additionally, the main teachers of
the children filled in questionnaires on learning difficulties
(response rate n=_8525, 92% of the NFBC 1986), with
questions on whether children had difficulties in reading,
writing, and/or mathematics (impaired/unimpaired) (23).

At 16 years of age, the adolescents self-evaluated their
school performance in Finnish language and mathematics (re-
sponse rate n="7344; 80% of the NFBC 1986) using three
subscales of the Youth Self-Report (24), which has been shown
to be a reliable data collection method in epidemiological re-
search (25). As a part of the Youth Self-Report, adolescents
compared their scholastic performance to their peers as ‘‘better
than average,” ‘“‘average,” ‘‘worse than average,” or ‘‘worse
than most” (26). The self-evaluated school performance data
have been shown to be comparable to the adolescents’ actual
school grades (Taanila et al., pers. commun.). The adolescents
also reported whether they had repeated a school year at any
time during their education.

A parental questionnaire administered when the adoles-
cents were 16 years of age included a screening instrument for
ADHD (the Strengths and Weaknesses of ADHD Symptoms
and Normal Behavior [SWAN] scale; www.adhd.net). A total
fo 530 NFBC 1986 adolescents were categorized as probable
ADHD cases (27).

Assessment of child’s intellectual problems

Children with intellectual problems were traced using
maternal, peri-, and neonatal data collected via cohort ques-
tionnaires and during routine visits to free-of-charge mater-
nity and child welfare clinics. The information collected was
based on the routine clinical practice of referring a child for
further examinations because of developmental or learning
disorders. These data were linked with national register data
(Hospital Discharge Register, Cause-of-Death Register, Na-
tional Insurance, and Medication Reimbursement Register)
and hospital, family counseling, public health center, and
institutional health records. Data on psychometric test results
were collected from hospitals, institutions for children with
intellectual deficiencies, family counseling centers, and
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school psychologists. No separate evaluations or examinations
were carried out for the purposes of the study. Psychometric
test results (82% of the testing was conducted by using the
Wechsler Intelligence Scale for Children-Revised) and other
relevant records were requested from all social/healthcare
units in the child’s original and/or current living area (28).

A child was considered to have mild cognitive limitation if
his/her 1Q was =50 but <85 (29), and severe intellectual defi-
ciency if his/her IQ was <50 (29), based on either the most
recent standardized psychometric test result or on develop-
mental assessment carried out on a clinical basis. In cases
where no 1Q estimate was available, hospital records were
searched for assessment by a medical doctor or psychologist of
the child’s intellectual level. If no assessment was found, but it
was evident that the child had intellectual deficiency on the
basis of diagnosis of a disorder or a disease (e.g., chromosomal
disorders, specific syndromes, brain anomalies), then the
classification was made by clinical estimation. This procedure
mainly concerned cases of neonatal and infant death (28).

Maternal thyroid function during pregnancy

The mothers in the NFBC 1986, as with all Finnish
pregnant women, underwent infectious disease screening at
their first visit to a maternity welfare clinic. The mean
gestational age at sampling was 10.7 weeks (SD=2.8).
Leftover serum samples were stored in the Finnish Mater-
nity Cohort at —25°C (30). The available samples (n=5791,
61.1% of the NFBC 1986) were analyzed for thyrotropin
(TSH), {fT4, and thyroid peroxidase antibodies (TPO-Abs)
using the Abbott Architect 12000 method (Abbott Diag-
nostics, Abbott Park, IL). Information on laboratory data
collection (30) and the effect of long-term storage on these
laboratory parameters has been reported previously (31).
Maternal demographic characteristics and birth outcomes
of mothers with and without laboratory analyses were
similar (30). Ninety-eight mothers had a diagnosed and
treated thyroid disease identified in medical chart review.
Sixty-eight mothers were under some form of thyroid
medication during the index pregnancy or had used thyroid
medication previously.

The respective trimester-specific reference intervals for
TSH and fT4 were 0.07-3.1 mIU/L and 11.4-22.4 pmol/L in
the first trimester, and 0.10-3.5 mIU/L and 11.09-18.9 pmol/L
in the second trimester (32). Mothers with a TPO-Ab con-
centration above the 95th percentile (>167.71U/mL) were
deemed to be TPO-Ab-positive (32). Altogether, 5.1% of
mothers were TPO-Ab positive (32).

Mothers were divided into four groups according to their
serum fT4 and TSH concentrations (Table 1) (20): (i) eu-
thyroidism: maternal TSH and fT4 within the reference in-
tervals (n=4746); (ii) hypothyroidism: TSH above the upper
reference interval with low or normal fT4 concentrations
(n=358), of whom 40 had overt hypothyroidism and 318 had
subclinical hypothyroidism; (iii) hypothyroxinemia: TSH
within reference intervals with low fT4 concentrations
(n=67); (iv) hyperthyroidism: TSH below the lower refer-
ence interval with high or normal fT4 concentrations
(n=124), of whom 45 had overt hyperthyroidism and 79 had
subclinical hyperthyroidism. The number of mothers with
thyroid dysfunction may vary in different analyses due to
missing questionnaire data.
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Adolescents’ own thyroid function at 16 years of age

In 2001-2002, the cohort adolescents were invited to a
clinical follow-up examination including blood sampling
(participation rate 74%) (17). Altogether, 5829 (61.5%) sam-
ples from the adolescents were assayed for at least one thyroid
function analyte (TSH, fT4, or TPO-Ab) in 2011, using the
Abbott Architect i2000 method (17). Adolescents’ TSH, fT4,
and TPO-Ab concentrations were categorized on the basis of
population-specific reference limits, being 0.64-3.74 mIU/L
for TSH, 11.01-16.63 pmol/L for fT4, and <5.61 IU/mL for
TPO-Ab (17). They were categorized as having euthyroid
(n=5256), hypothyroid (n=216), hyperthyroid (n=146), or
hypothyroxinemic (n = 134) thyroid function test results based
on their TSH and fT4 concentration, and as TPO-Ab-positive
(n=365) or -negative (n=5369) based on their TPO-Ab con-
centrations.

Final study population

For analyses evaluating the association between maternal
thyroid function and child’s scholastic performance, multiple
pregnancies (n=232), those refusing use of data (n=251),
children with IQ <85 (n=147), mothers with insufficient or
missing sample for thyroid function analyses (n=3004), and
those with maternal gestational age at sampling >20 weeks
(n=187) were excluded. The final study population for these
analyses consisted of 5069-5078 children with follow-up
data on teacher-estimated school performance at eight years,
or 4357-4370 adolescents with 16-year self-evaluations
available (numbers vary due to missing data per outcome;
Fig. 1). For the analyses of mild cognitive limitation and
severe intellectual deficiency, the same exclusion criteria
were used, but naturally the children with IQ <85 were re-
tained in the analyses.

For the analyses of adolescents’ thyroid function and self-
evaluated scholastic performance, multiples (n=232), those
refusing use of data (n=251), children missing data on thy-
roid function (n=2118), and children with IQ <85 (n=147)
were excluded. The analyses were performed among 5246—
5393 adolescents with thyroid function analyses and scho-
lastic performance data available (numbers vary due to
missing data per outcome).

Statistical analysis

Maternal and family characteristics of mothers in different
thyroid function groups were compared to the whole NFBC
1986 cohort by using #-tests for continuous variables with
normal distributions and Mann—Whitney U-test for those
with non-Gaussian distributions. Categorical variables were
compared by using chi-square tests.

Chi-square tests and logistic regression were used to esti-
mate the prevalence and odds ratios (OR) with confidence
intervals (CI) of poor scholastic performance, severe intel-
lectual deficiency and mild cognitive limitation, and ADHD
symptoms among children of mothers with thyroid dys-
function compared with children of euthyroid mothers.
Analyses were adjusted for sex, number of children in the
family at the time of scholastic performance evaluation (=2
vs. 1), maternal smoking (yes vs. no), socioeconomic status
of the family (professional, skilled, unskilled, and farmers),
and maternal age (<20 or >35 years vs. 20-35 years). As the
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TABLE 1. MATERNAL AND FAMILY CHARACTERISTICS BY MATERNAL THYROID FUNCTION
NFBC 1986 with
sufficient maternal
Euthyroid Hypothyroid  Hypothyroxinemic  Hyperthyroid serum samples
Characteristics (n=4746) (n=358) (n=67) (n=124) (n=5295)
Median maternal TSH 1.2 (0.7-1.7)* 4.1 (3.6-5.8)* 1.3 (0.9-2.0) 0.03 (0.02-0.04)* 1.2 (0.7-1.9)

concentration, mIU/L

Median maternal free T4,
pmol/L

15.1 (13.8-16.5) 13.8 (12.5-15.2)* 11.0 (10.7-11.2)* 20.3 (17.8-22.7)*

15.0 (13.7-16.5)

Median maternal 4.2 (3.0-6.2)* 24.9 (4.8-295.5)* 3.5 (2.3-6.0)* 4.3 (3.3-6.1) 4.3 (3.1-6.7)
TPO-Ab, IU/mL

M (SD) maternal age at  28.1 (5.3) 28.5 (5.4) 29.8 (6.2)* 30.0 (5.5)* 28.2 (5.3)
birth, years

>35 years, n (%) 549 (11.6) 45 (12.6) 16 (23.9)* 25 (20.2)* 635 (12.0)

<20 years, n (%) 177 (3.7) 13 (3.6) 4 (6.0) 0 (0.0)* 194 (3.7)

M (SD) BMI, kg/m* 22.2 (3.4) 22.6 (3.6)* 23.7 (4.8)* 22.5 (3.4) 22.2 (3.4)

Overweight/obese (BMI 737 (15.9) 71 (20.1) 16 (26.2)* 23 (18.7) 847 (16.4)
>25kg/m?), n (%)

Smoking during 1005 (21.3) 48 (13.5)* 18 (27.3) 19 (15.4) 1090 (20.7)
pregnancy, n (%)

Maternal education

211 years, n (%) 2562 (61.4) 184 (59.2) 33 (55.9) 68 (59.6) 2847 (61.1)

<11 years, n (%) 1614 (38.6) 127 (40.8) 26 (44.1) 46 (40.4) 1813 (38.9)

Socioeconomic status of the family

Professional, n (%) 2842 (78.7) 203 (78.7) 41 (85.4) 77 (80.2) 3163 (78.8)

Skilled, n (%) 599 (16.6) 46 (17.8) 4 (8.3) 13 (13.5) 662 (16.5)

Unskilled, n (%) 26 (0.7) 4 (1.6) 1@2.1) 0 (0.0) 31 (0.8)

Farmers, n (%) 144 (4.0) 5(1.9) 2 (4.2) 6 (6.3) 157 (3.9)

M (SD) gestational age at 10.7 (2.8) 10.7 (2.8) 104 (2.7) 10.9 (2.5) 10.7 (2.8)
maternal serum sam-
pling, weeks

Preterm births 164 (3.5) 12 (3.4) 4 (6.0) 5 (4.0) 185 (3.5)
(<37 weeks), n (%)

Male children, n (%) 2415 (50.9) 187 (52.2) 40 (59.7) 45 (36.3)* 2687 (50.7)

Children in the family when 3.2 (1-19) 34 (1-17) 4.1 (1-17) 4.2 (1-15)* 3.3 (1-19)

child was 8 years old
(min-max), n

The groups include mothers with child’s eight-year and 16-year questionnaire data available.

Euthyroidism: maternal TSH and fT4 both between the reference intervals. Hypothyroidism: TSH above its upper limit with low or
normal fT4 concentrations. Hyperthyroidism: TSH below its lower reference limit with high or normal fT4 concentrations.
Hypothyroxinemia: TSH between its reference intervals with low fT4 concentrations.

*p <0.05, when the maternal thyroid function group was compared with all women with laboratory data: ¢ test or the Mann—Whitney U
test (continuous variables), Xz test (categorical variables).

NFBC, the Northern Finland Birth Cohort; TSH, thyrotropin; fT4, free thyroxine; TPO-Ab, thyroid peroxidase antibodies; BMI, body

mass index; IQR, interquartile range.

results of unadjusted and adjusted analyses were mostly
similar, only the unadjusted analyses are presented in the
tables. Any meaningful changes to the results after adjust-
ments are reported in the text.

In sensitivity analyses, all data were analyzed by including
and excluding TPO-Ab-positive mothers and mothers with
diagnosed and treated thyroid disease during or prior to the
index pregnancy. The data were stratified to term and preterm
children to see if preterm birth modified the association.

Chi-square tests and logistic regression were used to
evaluate the prevalence and ORs with CIs of poor scholastic
performance and ADHD in adolescents with thyroid dys-
function in the laboratory analyses compared with euthyroid

children. The results were adjusted for maternal TSH con-
centrations, and data were stratified by sex because of sta-
tistically significant interactions. As the results of unadjusted
and adjusted analyses were similar, only the unadjusted an-
alyses are present in the tables.

All statistical analyses were performed by using SPSS v18.0
software (IBM Corp., Armonk, NY).

Results

Maternal and family demographics

Demographic characteristics of the NFBC 1986 mothers
during their index pregnancies are presented in Table 1.
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Hypothyroid mothers had a higher pre-pregnancy body mass
index, and they smoked less often than did the total cohort.
Mothers with overt hypothyroidism had slightly larger family
size than did mothers with subclinical hypothyroidism. Hy-
perthyroid mothers were older than the total cohort was. Mo-
thers with overt hyperthyroidism were older and had larger
family size than mothers with subclinical hypothyroidism did.
Hypothyroxinemic mothers had a higher pre-pregnancy body
mass index and were older than the total cohort was.

Maternal thyroid dysfunction and child’s
scholastic performance

At eight years of age, there were 590 (11.6%) children with
reading difficulties, 839 (16.5%) with writing difficulties, 416
(8.2%) with difficulties in mathematics, and 1062 (20.9%)
with difficulties in at least one of these. No significant dif-
ferences in scholastic problems at eight years of age were
observed when children of mothers with thyroid dysfunction
were compared to children of euthyroid mothers (Tables 2
and 3).

At 16 years of age, 374 (8.6%) adolescents evaluated
themselves as being worse than average in Finnish language,
whereas 1020 (23.4%) considered themselves worse than av-
erage in mathematics, and 1204 (27.7%) worse than average in
either Finnish or mathematics; 78 (1.8%) adolescents had re-
peated a class. Adolescents of hypothyroid mothers had similar
outcomes as those of euthyroid mothers (Tables 2 and 3).
However, when mothers with hypothyroidism were stratified
to overt and subclinical hypothyroidism, adolescents of
mothers with subclinical hypothyroidism had higher preva-
lence and unadjusted odds of having difficulties in mathe-
matics (33.6% vs. 26.6%, OR 1.40 [CI 0.95-2.08], adjusted
OR 1.62 [CI 1.06-2.49]) and having repeated a school class
than those of euthyroid mothers (3.4% vs. 1.6%, OR 2.14 [CI
1.01-4.53], adjusted OR 2.02 [CT 0.78-5.21]).

Adolescents of hyperthyroid mothers more often had self-
reported difficulties in mathematics than those of euthyroid
mothers (32.0% vs. 23.2%, OR 1.56 [CI 1.03-2.38], adjusted
OR 1.61 [CI 1.01-2.49]; Tables 2 and 3). The numbers were

Probable ADHD cases
n=530 (9.2%)

insufficient to study overt and subclinical hyperthyroidism
separately (data not shown).

Adolescents of hypothyroxinemic mothers had a higher
prevalence and unadjusted odds of ever having repeated a
school class than did those of euthyroid mothers (5.5% vs.
1.6%, OR 3.49 [CI 1.06—-11.48]; Tables 2 and 3). After ad-
justments, the findings were no longer statistically significant
(OR 3.50 [CI 0.81-15.21]). Interestingly, all adolescents of
mothers with hypothyroxinemia who repeated a class were
boys, who had a significantly higher prevalence and odds of
repeating a class than did boys of euthyroid mothers (10.0%
vs. 2.3%, OR 4.74 [CI 1.38-16.25], adjusted OR 5.46 [CI
1.19-25.06]; Tables 2 and 3).

Maternal thyroid function and severe intellectual
deficiency/mild cognitive limitation

A total of 147 children were identified with an IQ <85, and
142 children had an IQ <85 based on IQ testing and five based
on a diagnosis. Of these, 25 (0.4%) had severe intellectual
deficiency (IQ <50; 14 boys and 11 girls) and 117 (2.0%) had
mild cognitive limitation (50 < 1Q <85; 82 boys and 35 girls).
Maternal thyroid dysfunction was not associated with the
prevalence and odds of the child’s severe intellectual defi-
ciency or mild cognitive limitation (Tables 4 and 5). Adjusted
results were similar but were attenuated due to small sample
sizes (data not shown).

Sensitivity analyses

All results remained similar after excluding preterm births,
TPO-Ab-positive mothers, and mothers with diagnosed and/or
treated thyroid disease during the index pregnancy. Maternal
thyroid dysfunction was not associated with adolescents’
ADHD symptoms at 16 years of age (data not shown).

Thyroid function of adolescents at 16 years of age
and self-evaluated scholastic performance

Girls with hyperthyroid thyroid function test results more
often self-reported having difficulties in Finnish (11.1% vs.
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TABLE 2. THE PREVALENCE OF SCHOLASTIC DIFFICULTIES IN CHILDREN OF MOTHERS
WITH AND WITHOUT THYROID DYSFUNCTION AT 8 AND 16 YEARS OF AGE

Euthyroid, Hypothyroid, Hypothyroxinemic, Hyperthyroid,
n=4831 n=2365 (7.0%) n=71 (1.4%) n=124 (2.5%)
n“/n? (%) n“n’ (%) n“/n’ (%) n“/n” (%)

8 years, teacher evaluation:

Difficulties in reading 498/4335 (11.5%) 41/328 (12.5%) 4/66 (6.1%) 12/118 (10.2%)

Boys 329/2189 (15.0%) 29/173 (16.8%) 3/39 (7.7%) 8/42 (19.0%)
Girls 169/2146 (1.9%)  12/155 (1.7%) 1/27 (3.7%) 4176 (5.3%)
Difficulties in writing 711/4335 (16.4%)  56/329 (17.0%) 8/66 (12.1%) 15/118 (12.7%)
Boys 46172186 (21.1%)  39/173 (22.5%) 5/39 (12.8%) 10/42 (23.8%)
Girls 250/2149 (11.6%)  17/156 (10.9%) 3/27 (11.1%) 5/76 (6.6%)
Difficulties in mathematics 353/4328 (8.2%)  26/328 (7.9%) 7166 (10.6%) 7117 (6.0%)
Boys 163/2180 (7.5%)  15/172 (8.7%) 4/39 (10.3%) 2/42 (4.8%)
Girls 190/2148 (8.8%)  11/156 (7.1%) 3/27 (11.1%) 5175 (6.7%)
Difficulties in at least one 900/4337 (20.8%)  73/329 (22.2%)  12/66 (18.2%) 23/117 (19.7%)
Boys 540/2184 (24.7%)  50/173 (28.9%) 6/39 (15.4%) 13/42 (31.0%)
Girls 360/2153 (16.7%)  23/156 (14.7%) 6/27 (22.2%) 10/75 (13.3%)

16 years, self-evaluation:

Difficulties in Finnish 327/3752 (8.7%) 21/262 (8.0%) 3/54 (5.6%) 6/103 (5.8%)

Boys 241/1795 (13.4%) 17/127 (13.4%) 3/29 (10.3%) 4/34 (11.8%)
Girls 86/1957 (4.4%) 4/135 (3.0%) 0/25 2/69 (2.9%)
Difficulties in mathematics 866/3739 (23.2%) 62/261 (23.8%) 14/55 (25.5%) 33/103 (32.0%)*
Boys 349/1790 (19.5%) 20/127 (15.7%) 7/30 (23.3%) 9/34 (26.5%)
Girls 517/1947 (26.6%) 42/134 (31.3%) 7/25 (28.0%) 24/69 (34.8%)
Difficulties in Finnish or mathematics ~ 1026/3735 (27.5%) 75/261 (28.7%) 15/54 (27.8%) 34/103 (33.0%)
Boys 476/1790 (26.6%) 33/127 (26.0%) 8/29 (27.6%) 10/34 (29.4%)
Girls 550/1945 (28.3%) 42/134 (31.3%) 7125 (28.0%) 24/69 (34.8%)
Repeated a class 61/3750 (1.6%) 8/265 (3.0%) 3/55 (5.5%) 0/102
Boys 41/1790 (2.3%) 5/129 (3.9%) 3/30 (10.0%)* 0/34
Girls 20/1960 (1.0%) 3/136 (2.2%) 0/25 0/68

The groups include mothers with 8- and/or 16-year questionnaire data available. Numbers may vary in different analyses due to missing
questionnaire data.

Euthyroidism: maternal TSH and fT4 both between the reference intervals. Hypothyroidism: TSH above its upper limit with low or
normal fT4 concentrations. Hyperthyroidism: TSH below its lower reference limit with high or normal fT4 concentrations.

Hypothyroxinemia: TSH between its reference intervals with low fT4 concentrations.
Children with intelligence quotient <85 were excluded from analysis.
*p <0.05, when the prevalence of scholastic problems was compared using chi-square tests.
n*/n®, number of children with a scholastic problem/total number of children with data on scholastic performance available in the

maternal thyroid function group (and percentage).

4.2%, OR 2.82 [CI 1.42-5.61]) than did girls with eu-
thyroidism (Table 6). Boys with hypothyroxinemic test re-
sults more often self-reported having difficulties in Finnish
and/or mathematics (43.1% vs. 26.2%, OR 2.13 [CI 1.26—
3.62]) than did boys with euthyroidism (Table 6). No statis-
tically significant increase was observed in the prevalence of
ADHD among adolescents with abnormal thyroid status
compared to adolescents with euthyroidism (data not shown).
However, after stratifying data by sex, there were more
probable hyperactive ADHD cases among girls with hyper-
thyroid test results than there were among euthyroid girls
(7.1% vs. 3.0%, p=0.04), before excluding those with an
1Q <85. After that, the difference was not statistically sig-
nificant. Hypothyroxinemic boys had statistically sig-
nificantly more ADHD symptoms (10.2% vs. 5.2%) than
euthyroid boys. The results were similar after adjustments.

Discussion

In this large, prospective, population-based cohort study,
an association was found between maternal hypothyrox-

inemia, maternal subclinical hypothyroidism, and the odds of
a child repeating a class in school. When considering a single
school subject, maternal hyperthyroidism had a small adverse
effect on the adolescents’ mathematical skills. In addition,
adolescent’s own thyroid function at 16 years of age as
evaluated by laboratory measurements seemed to have some
effect on scholastic success, as girls with hyperthyroidism
more often had difficulties in Finnish language and boys with
hypothyroxinemia had more problems in mathematics and/or
Finnish language than those with normal thyroid function
did. Maternal thyroid dysfunction during pregnancy did not
have an effect on a child’s odds of severe intellectual defi-
ciency or mild cognitive limitation.

This study is the first in which the effect of abnormal
maternal thyroid function parameters during early pregnancy
on a child’s performance in everyday school life has been
evaluated with a long follow-up. In this study, maternal hy-
pothyroxinemia and maternal subclinical hypothyroidism
were associated with a small increase in the odds of repeating a
class in school. Previously, Haddow et al. proposed an asso-
ciation between untreated maternal hypothyroidism during
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TABLE 3. THE OpDS RATIOS OF CHILD’S SCHOLASTIC DIFFICULTIES AT 8 AND 16 YEARS
OF AGE BY MATERNAL THYROID STATUS
Hypothyroid, Hypothyroxinemic, Hyperthyroid,
n=2365 (7.0%) n=71 (1.4%) n=124 (2.5%)

8-year questionnaire:

Difficulties in reading 1.10 [0.78-1.55]
Boys 1.14 [0.75-1.73]
Girls 0.98 [0.53-1.81]
Difficulties in writing 1.05 [0.78-1.41]
Boys 1.09 [0.75-1.58]
Girls 0.93 [0.55-1.56]
Difficulties in mathematics 0.97 [0.64-1.47]
Boys 1.18 [0.68-2.06]
Girls 0.78 [0.42-1.47]
Difficulties in at least one 1.09 [0.83-1.43]
Boys 1.24 [0.88-1.74]
Girls 0.86 [0.55-1.36]
16-year questionnaire:

Repeated a class 1.88 [0.89-3.98]
Boys 1.72 [0.67-4.43]
Girls 2.19 [0.64-7.46]
Difficulties in Finnish 0.91 [0.58-1.45]
Boys 1.00 [0.59-1.69]
Girls 0.66 [0.24-1.84]
Difficulties in mathematics 1.03 [0.77-1.39]
Boys 0.77 [0.47-1.26]
Girls 1.26 [0.87-1.84]
Difficulties in Finnish or 1.07 [0.81-1.41]

mathematics

Boys 0.97 [0.64-1.46]
Girls 1.16 [0.79-1.69]

0.50 [0.18-1.37]
0.47 [0.14-1.54]
0.45 [0.06-3.34]
0.70 [0.33-1.48]
0.55 [0.21-1.42]
0.95 [0.28-3.18]
1.34 [0.61-2.95]
1.41 [0.50-4.03]
1.29 [0.38—4.32]
0.85 [0.45-1.59]
0.55 [0.23-1.33]
1.42 [0.57-3.55]

3.49 [1.06-11.48]*
4.74 [1.38-16.25]*
NA

0.62 [0.19-1.99]

0.74 [0.22-2.48]
NA

1.13 [0.62-2.09]

1.26 [0.54-2.96]

1.08 [0.45-2.59]

1.02 [0.56-1.85]

1.05 [0.46-2.39]
0.99 [0.41-2.38]

0.87 [0.48-1.60]
1.33 [0.61-2.90]
0.65 [0.24-1.80]
0.74 [0.43-1.28]
1.17 [0.57-2.40]
0.54 [0.21-1.34]
0.72 [0.33-1.55]
0.62 [0.15-2.58]
0.74 10.29-1.85]
0.93 [0.59-1.48]
1.37 [0.70-2.64]
0.77 [0.39-1.51]

NA

NA

NA
0.65 [0.28-1.49]
0.86 [0.30-2.46)
0.65 [0.16-2.70]
1.56 [1.03-2.38]*
1.49 [0.69-3.22]
1.48 [0.89-2.45]
1.30 [0.86-1.97]

1.15 [0.55-2.42]
1.35 [0.82-2.24]

Data shown are odds ratios (OR) and confidence intervals (CI). The groups include mothers with 8- and/or 16-year questionnaire data

available. Children with an 1Q <85 were excluded from analysis.

Hypothyroidism: TSH above its upper limit with low or normal fT4 concentrations. Hyperthyroidism: TSH below its lower reference
limit with high or normal fT4 concentrations. Hypothyroxinemia: TSH between its reference intervals with low fT4 concentrations.
ORs with 95% ClIs were calculated by way of logistic regression to estimate the risk of poorer scholastic performance associated with

maternal thyroid dysfunction during pregnancy.
*p<0.05.

NA, not applicable due to lack of subjects; 1Q, intelligence quotient.

pregnancy and an adverse intellectual outcome in children
aged seven to nine years of age (4). In some studies, treatment
of maternal hypothyroidism with levothyroxine has improved
children’s 1Q scores (4,17-19), but in a randomized trial of
levothyroxine treatment for maternal hypothyroidism or hy-
pothyroxinemia during pregnancy, IQ scores of children did
not improve (16). Maternal hypothyroidism and/or child’s
congenital hypothyroidism has been associated with smaller
hippocampal size in magnetic resonance imaging and with
slightly decreased performance in child’s total memory testing
scores (33). A strong association was seen between maternal
hypothyroidism and child’s decreased everyday memory
function by parental reporting (33).

Previous studies have also shown a possible association
between maternal hypothyroxinemia and a child’s poorer
cognitive performance or lower IQ compared with children
of euthyroid mothers (8,34,35). Maternal hypothyrox-
inemia has been associated with increased odds of a child’s
expressive language delay at 2.5 years of age (12), de-
creased nonverbal IQ scores (4.3 points lower) in offspring
(36), and predict reduced performance in reaction time tests

independently of maternal TSH concentrations (10). In the
current study, abnormal maternal thyroid function param-
eters did not affect a child’s risk of having mild cognitive
limitation or severe intellectual deficiency, but it was not
possible to study less subtle effects of maternal thyroid
dysfunction on child’s IQ. Similar to the present findings,
one previous study found no association between maternal
thyroid hormones during pregnancy and child’s neurode-
velopment at 5.5 years of age (15). There is no explanation
of why children of mothers with subclinical hypothyroid-
ism or hypothyroxinemia have higher odds of repeating a
school class, but it could be due to subtle changes in the
child’s cognitive functions or due to increased prevalence
of behavioral difficulties in these children (37). The asso-
ciation, however, requires further studies.

No previous studies on the effect of a child’s own thyroid
function on scholastic performance exist. In the present
study, adolescents were categorized based on laboratory
findings, and it was found that hypothyroxinemic boys had a
higher prevalence of problems in both Finnish language and
mathematics, and hyperthyroid girls more often had
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TABLE 4. PREVALENCE OF CHILDREN’S INTELLECTUAL PROBLEMS IN MATERNAL
THYROID FUNCcTION GROUPS IN THE NFBC 1986

Maternal thyroid function groups

Hypothyroid,
Euthyroidism, n=2375 (7.0%) Hypothyroxinemic, Hyperthyroid,
n=4957 n“/n” n=73 (1.5%) n=127(2.5%)

Mild cognitive limitation

100/4931 (2.0%)

Boys 7312527 (2.9%)
Girls 27/2403 (1.1%)
Severe intellectual deficiency 22/4853 (0.5%)
Boys 11/2465 (0.4%)
Girls 11/2387 (0.5%)
All children with IQ <85 126/4831 (2.5%)
Boys 87/2541 (3.4%)
Girls 49/2415 (1.6%)

8/373 (2.1%)
4/198 (2.0%)
4/175 (2.3%)

1/366 (0.3%)
1/195 (0.5%)
0/171
10/375 (2.7%)
6/200 (3.0%)
4175 (2.3%)

2171 (2.7%)
2/44 (4.5%)
0/29

273 (2.7%)
2/44 (4.5%)

2/126 (1.6%)
1/45 (2.2%)
1/81 (1.2%)

1/125 (0.8%)
1/45 (2.2%)

0/30

3/127 (2.4%)

2/46 (4.3%)

0/29 1/81 (1.2%)

The groups include mothers with information on IQ available. Mild cognitive limitation: 1Q =50 but <85. Severe ID: 1Q <50.
Euthyroidism: maternal TSH and fT4 both between the reference intervals. Hypothyroidism: TSH above its upper limit with low or normal
fT4 concentrations. Hyperthyroidism: TSH below its lower reference limit with high or normal fT4 concentrations. Hypothyroxinemia:

TSH between its reference intervals with low fT4 concentrations.

n*/n®, number of children with a scholastic problem/total number of children with data on scholastic performance available in the
maternal thyroid function group (and percentage); ID: intellectual deficiency.

difficulties in Finnish language than euthyroid boys and girls
did. This finding cannot be explained with any certain eti-
ology. Probable hyperactive subtype of ADHD was more
prevalent in trend among girls with hyperthyroid laboratory
measurements than it was among euthyroid girls. Also, hy-
pothyroxinemic boys had more ADHD symptoms. It could
be speculated that an adolescent’s own thyroid dysfunction
might expose them to learning or attention difficulties. In the
present study, maternal hyperthyroidism was not associated
with the adolescents’ ADHD symptoms at 16 years of age,
but the number of adolescents in the maternal thyroid func-
tion groups was small. Maternal hyperthyroidism had, how-
ever, a small adverse effect on the adolescents’ mathematical
skills. In a Danish cohort study, maternal hyperthyroidism
has also been associated with child’s increased risk of

having a diagnosis of ADHD (38). These findings merit
further research.

The strengths of the present study are the carefully de-
signed cohort setting and the Finnish maternity care and
schooling systems. The maternal serum samples were mainly
drawn in the first trimester and were studied in a single lab-
oratory. In addition, the authors have previously published
their own thyroid hormone reference intervals for their
pregnant population (32). The excellent participation rate as
regards the questionnaires at eight (92%) and 16 years of age
(80%) led to >5000 mother—child pairs with teachers’ eval-
uations of the children’s scholastic performance, the ado-
lescents’ self-evaluation at 16 years of age, and maternal
thyroid function test results available. Most of the children
with intellectual problems have had their IQ tested, and the

TABLE 5. MATERNAL THYROID FUNCTION PARAMETERS IN EARLY PREGNANCY
AND CHILD’S RISk OF BEING INTELLECTUALLY DISABLED

Maternal thyroid function groups

Hypothyroid, n=375

Hypothyroxinemic, n=73 Hyperthyroid, n=127

Odds ratio (95% confidence intervals)

Mild cognitive limitation 1.08 [0.52-2.24]

Boys 0.70 [0.25-1.94]
Girls 2.15 [0.74-6.23]
Severe ID 0.55 [0.07-4.07]
Boys 1.06 [0.14-8.19]
Girls NA

1Q <85 1.05 [0.55-2.02]
Boys 0.87 [0.38-2.02]
Girls 1.43 [0.50-4.04]

1.40 [0.34-5.78] 0.79 [0.19-3.25]
1.63 [0.39-6.88] 0.76 [0.10-5.61]

NA 1.15 [0.15-8.57]
NA 1.63 [0.22-12.15]
NA 4.69 [0.50-36.79]
NA NA

1.08 [0.26-4.45] 0.93 [0.29-2.96]
1.34 [0.32-5.64] 1.28 [0.31-5.37]
NA 0.76 [0.10-5.61]

Data shown are OR [CI].

Mild cognitive limitation: IQ =50 but <85. Severe ID: 1Q <50. Hypothyroidism: TSH above its upper limit with low or normal fT4
concentrations. Hyperthyroidism: TSH below its lower reference limit with high or normal fT4 concentrations. Hypothyroxinemia: TSH

between its reference intervals with low fT4 concentrations.

ORs with 95% ClIs were calculated by way of logistic regression to estimate the risk of mild cognitive limitation and severe ID associated

with maternal thyroid dysfunction during pregnancy.
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etiologies of their problems are known (28). In most of the
cohort children with an IQ of <85, there is a prenatal cause,
and in only 33.6% of cases is the cause unknown. Nearly all
(98.1%) of the cohort children attended public schools, and
because all Finnish teachers are university educated, the
teachers’ evaluations can be considered to be very reliable.
The self-evaluation questionnaire administered at 16 years of
age, the Youth Self-Report (24), has been validated in epi-
demiological research. Because there is comprehensive data
collection as regards the NFBC 1986, it was possible to adjust
for the most important confounders. The effect of the coun-
try’s iodine status must also be acknowledged, since even in
some countries previously considered as iodine sufficient,
iodine deficiency has reoccurred (39). Iodine insufficiency
during pregnancy should not confound the results because in
Finland iodine supplementation has been in use since the
1940s (40,41). In 1986, Finland had the highest iodine intake
of all European countries (approximately 300 ug/day) (42),
and at that time, Finland was considered as iodine sufficient.

As for limitations, some outcomes were rare in the co-
hort. The effect of prematurity on scholastic performance
and the risk of having intellectual problems could not be
properly analyzed because of the low prematurity rate.
However, the results did not change after excluding pre-
maturely born children. Some maternal serum samples were
lacking, but it was found that mothers without laboratory
data did not differ from the rest with regard to background
factors (30). It is acknowledged that serum fT4 measure-
ments by way of immunoassays may not be totally reliable
during pregnancy, although they are clinically used in ad-
dition to TSH measurements (43). Fortunately, it was pos-
sible to use population- and trimester-specific reference
intervals to define maternal thyroid function groups, as
currently recommended when gold-standard methods are
not possible (44).

In conclusion, abnormal maternal thyroid function status
during early pregnancy increased adolescents’ odds of re-
peating a class at school and also had some effect on the
adolescents’ performance in the Finnish language and
mathematics at 16 years of age. It did not, however, increase a
child’s odds of having an intellectual problem. Additionally,
adolescents’ own abnormal thyroid function status had some
effect on their self-evaluated school performance.
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