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Context: Maternal hypothyroidism during pregnancy is associated with adverse neuropsycholog-
ical development in the offspring.

Objective: The objective of the study was to evaluate the effect of maternal thyroid dysfunction
during pregnancy on a child’s attention-deficit/hyperactivity disorder (ADHD) symptoms.

Design, Settings, and Participants: The prospective, population-based Northern Finland Birth Cohort
1986 (9362 pregnancies; 9479 infants) included analysis of maternal TSH, free T4, and thyroid-perox-
idase antibodies (TPO-Abs) from early pregnancy samples (5791 women). Teachers evaluated the chil-
dren’s ADHD symptoms at 8 years using the Rutter B2 scale (5131 mother-child pairs), in which a high
score indicated probable psychiatric disorders and three questions focused directly on ADHD.

Main outcome measures: The odds ratios (ORs) and 95% confidence intervals (95% CIs) of child having
ADHD symptoms and/or a high Rutter B2 score after exposure to increases in maternal TSH levels (after
logarithmic transformation), low free T4 levels, and TPO-Ab positivity was tested with logistic regression,
adjusting for maternal/family covariates. Data were stratified by the child’s gender due to interaction.

Results: Among girls the odds of inattention (OR 1.18, 95% CI 1.02–1.37), high Rutter B2 total score (OR
1.23, 95% CI 1.03–1.48), and combined ADHD symptoms (OR 1.39, 95% CI 1.07–1.80) significantly
increased with every natural log increase in maternal TSH concentrations. Such findings were not
evident in boys. No associations were seen between ADHD symptoms and low maternal free T4 levels
or TPO-Ab positivity.

Conclusions: Increases in maternal TSH in early pregnancy showed weak but significant association
with girls’ ADHD symptoms. (J Clin Endocrinol Metab 99: E1–E8, 2014)

Early pregnancy is a crucial time in fetal neurodevelop-
ment, during which the fetus totally depends on ma-

ternal thyroid hormone supply (1, 2). Thyroid hormones
are required for normal neuronal migration and matura-
tion (3), and lack of thyroid hormones during pregnancy

due to severe maternal iodine deficiency leads to mental
retardation in the child (4).

Women with limited thyroidal capacity, due to auto-
immunity, disease, or iodine deficiency, are at high risk of
hypothyroidism or hypothyroxinemia (low serum free T4
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with normal TSH concentrations) during pregnancy (5).
Insufficiently treated maternal hypothyroidism and hypo-
thyroxinemia have been associated with reductions in the
intelligence quotient (IQ) of the offspring (6–8), reduced
performance in motor skills (1, 7–10), and poorer reaction
time (11). Hypothyroxinemia has also been associated
with expressive language and cognitive delay (10, 12) and
autism (13). However, results from a randomized trial
showed no improvement in the child’s IQ after adequately
treatedmaternalhypothyroidismorhypothyroxinemia(14).

It is also suggested that untreated maternal hypothy-
roidism associates with delays in attention at 7–9 years (7),
and increases in maternal serum TSH and thyroid-perox-
idase antibody (TPO-Ab) levels might elevate the risk of
externalizing symptoms in early childhood (15, 16). The
prevalence of attention-deficit/hyperactivity disorder
(ADHD) might be higher in areas with iodine deficiency
(17). The effects of maternal thyroid function during preg-
nancy on ADHD symptoms of children still remain
unclear.

We studied the associations between maternal thyroid
function during pregnancy and ADHD symptoms of the
offspring at the age of 8 years in the prospective, popula-
tion-based Northern Finland Birth Cohort 1986. We hy-
pothesized that untreated maternal thyroid dysfunction
increases the odds of ADHD symptoms in children.

Materials and Methods

The Northern Finland Birth Cohort 1986 (NFBC
1986)

The prospective NFBC 1986 comprises of 99% of all births
between July 1, 1985, and June 30, 1986, drawn from the two
northernmost provinces of Finland (9362 mothers and 9479
children). Maternal and family demographics, maternal health
data, and data on pregnancy, delivery, and neonatal outcomes
were collected during routine visits at communal free-of-charge
maternity welfare clinics (overall participation rate 99.8% in
Finland) and via questionnaires during the index pregnancies.
The cohort has been followed up since the first maternity welfare
clinic visit at 8–12 weeks of gestation, and all mothers were
recruited to the study by 24 weeks (18, 19).

Since birth, data on the health of the cohort children and
familial demographic data have been obtained via visits to free-
of-charge community child welfare clinics and via question-
naires, supplemented with data from various national registers.
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.

Study population
Of the total 9479 children, we excluded twins (n � 222),

those refusing use of data (n � 251), those with diagnosed in-
tellectual disabilities (full scale IQ � 85; n � 147), and those

missing data on maternal thyroid function analyses (n � 3316)
or on ADHD symptoms (n � 412) (Figure 1). The final study
population consisted of 5131 mothers with thyroid function
analyses carried out during early pregnancy and their 5131 chil-
dren with follow-up data on ADHD symptoms at 8 years.

Maternal thyroid function assessment
Mothers of NFBC 1986 underwent infectious disease screen-

ing in early pregnancy (mean gestational age at sampling 10.7
wk, SD 2.8), with leftover serum samples stored at the premises
of the Finnish Maternity Cohort, frozen at �25°C. These sam-
ples (5791, 61.1% of the whole NFBC 1986 cohort) were ana-
lyzed for TSH, free T4, and TPO-Abs using the Abbott Architect
i2000 method (Abbott Diagnostics) in 2006. Laboratory data
collection, analysis (20), and the effect of long-term storage on
these laboratory parameters have been reported previously (21).
The mothers with and without laboratory analyses did not have
significant differences in maternal demographic characteristics
and birth outcomes (20).

ADHD symptoms
Children’s ADHD symptoms at 8 years of age were evaluated

by their main teachers (participation rate 92%). The teachers
used the official Finnish translations of the Rutter scale B2 with
29 questions. The scale has one question on inattention (“child
is not able to concentrate on anything for a longish period”) and
two on hyperactivity (“child is restless, does not have patience to
sit down for a long period of time” and “child wriggles and is
restless”). The teachers answered the questions in one of three
ways: does not apply, applies to some degree, or applies well, and
these were rated 0, 1, and 2 points accordingly. The Rutter B2
scale also includes questions on general behavior during classes
and on friends, mood swings, headaches, and school absences.
The total score from the Rutter B2 scale ranges from 0 to 52, in
which 9 or greater indicates a probable psychiatric disturbance
(22). Children were categorized as inattentive if they scored 1 or
2 points on inattention and as hyperactive if they scored 2 or
more points combined on the questions on hyperactivity. Chil-
dren with total Rutter B2 scores of 9 or greater and 3 or more
points from ADHD questions were deemed to have the highest
probability of ADHD and will henceforth be referred to as hav-
ing combined ADHD symptoms (22). Among the families with
data on thyroid function during pregnancy, 5089 teacher ques-
tionnaires had all questions answered and a total of 5131 ques-
tionnaires had at least one answered item on ADHD.

Statistical analyses
Maternal and family characteristics of mothers with high se-

rum TSH concentrations or hypothyroxinemia during preg-
nancy vs the total cohort were compared by using Student’s t tests
for continuous variables with normal distributions and by using
the Mann-Whitney U test for those with non-Gaussian distri-
butions. Categorical variables were compared by using �2 tests.

Maternal serum TSH and free T4 concentrations were cate-
gorized on the basis of trimester and population-specific refer-
ence limits (23). High TSH was defined as a concentration above
the upper reference limit of 3.1 mU/L in the first trimester or 3.5
mU/L in the second trimester. Maternal hypothyroxinemia was
defined as having a normal serum TSH concentration and a low
free T4 concentration, less than 11.4 pmol/L in the first trimester,
or less than 11.1 pmol/L in the second trimester. Analyses of
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maternal TSH concentrations were also conducted on continu-
ous measures, after logarithmically transforming the data to
achieve normality.

�2 tests were used to evaluate the prevalence of ADHD symp-
toms among children of mothers with and without high TSH
levels or hypothyroxinemia. Logistic regression was used to cal-
culate odds ratios (ORs) with 95% confidence intervals (CIs) to
estimate the risk of ADHD symptoms associated with high TSH
levels, hypothyroxinemia, and maternal TSH increases in the
natural log scale.

Our first-line analyses were conducted among all children,
adjusting for child’s gender, number of children in the family at
the time of ADHD symptom evaluation (two or more vs one)
maternal smoking (yes vs no), maternal education (�11 y vs �
11y), and maternal age (�20 or � 35 y vs 20–35 y). Because
adjusting for child’s gender modified our effect estimates, all

further analyses were performed for boys and girls separately to
deal with potential interaction in the analyses. Other covariates
were selected based on literature (24–26) and retained if they
affected one or more of the ADHD symptoms at a statistically
significant level when included in the model. Because the unad-
justed and adjusted analyses were similar, we present only the
adjusted analyses.

As a sensitivity analysis, we analyzed all data by including and
excluding TPO-Ab-positive mothers (TPO-Ab concentration �
167.7 IU/mL) and mothers with thyroid medication use currently
or in the past (n � 98 of whom 96% used levothyroxine) were
retained in the analysis. Data were also stratified to term and
preterm children to study if preterm birth modified the
association.

All statistical analyses were performed by using SPSS version
18.0 software (IBM Statistics).

Figure 1. Study progression and results of the 8-year questionnaires of NFBC 1986 children.
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Results

Characteristics of the NFBC 1986 population are shown
in Table 1. Mothers with high serum TSH concentrations
had a higher prepregnancy body mass index (BMI) (cal-
culated as weight in kilograms per height squared in
square meters), and they smoked less than the total cohort.
Hypothyroxinemic mothers also had a higher BMI and
they were older than the total cohort. The number of chil-
dren in the family when the child was 8 years old was
higher among hypothyroxinemic mothers than in the total
cohort. Otherwise, the two maternal thyroid function
groups did not differ from the cohort with respect to ma-
ternal education, time of maternal serum sampling, num-
ber of preterm (�37 wk) births, and the proportion of
male children.

There were altogether 1030 children (20.1%) with in-
attention symptoms, 1095 children (21.3%) with hyper-
activity symptoms, 686 children with total Rutter B2
scores of 9 or greater (13.4%), and 461 children (9.0%)
with combined ADHD symptoms (inattention and hyper-
activity symptoms with total Rutter B2 scores � 9) based
on the teachers’ evaluation. Overall, boys had higher prev-
alence of ADHD symptoms, Rutter B2 scores of 9 or greater,
and combined ADHD symptoms than girls (Table 2). There

were no statistically significant differences in the prevalence
or odds of ADHD symptoms in children born to mothers
with high and normal serum TSH concentrations or hypo-
thyroxinemia and normal free T4 concentrations (Table 2).

Table 3 shows the children’s estimated odds of ADHD
symptoms by natural log increases in maternal serum TSH
concentrations. In boys, we observed no association be-
tween ADHD symptoms and log increases in maternal
TSH. Girls had a 1.2-fold odds of inattention and Rutter
scores of 9 or greater and 1.4-fold odds of combined
ADHD symptoms with every natural log increase in ma-
ternal TSH.

In our sensitivity analyses, the exclusion of mothers
taking thyroid medication and of those with TPO-Ab pos-
itivity affected our results only minimally. Risk increases
among full-term children were no different to those among
all children, but we were underpowered to study the as-
sociations in preterm children.

Discussion

In our large, population-based cohort study, we observed
a modest association between increases in maternal serum

Table 1. Maternal and Family Characteristics Grouped by Maternal Thyroid Function

Characteristics
High Maternal TSH
(n � 348)a

Hypothyroxinemia
(n � 66)b

NFBC 1986 With Sufficient
Maternal Serum Samples
(n � 5131)

Median (IQR) maternal TSH concentration, mU/L 4.1 (3.6–5.5)c 1.3 (0.9–2.0) 1.2 (0.7–1.9)
Median (IQR) maternal free T4, pmol/L 13.9 (12.5–15.3)c 11.0 (10.7–11.2)c 15.1 (13.8–16.7)
Median (IQR) maternal TPO-Ab, IU/mL 23.2 (4.8–296.5)c 3.4 (2.3–5.7)d 4.3 (3.1–6.7)
Mean (SD) maternal age at birth, y 28.5 (5.4) 29.9 (6.2)d 28.2 (5.3)

�35 y, n, % 43 (12.4) 16 (24.2)d 614 (12.0)
�20 y, n, % 13 (3.7) 4 (6.1) 201 (3.9)

Mean (SD) BMI, kg/m2 22.6 (3.6)d 23.7 (4.8)d 22.2 (3.4)
Overweight/obese (BMI � 25 kg/m2), n, % 71 (20.6)d 16 (26.7)d 812 (16.2)

Smoking during pregnancy, n, % 48 (13.9)d 17 (26.2) 1066 (20.9)
Maternal education

� 11 y, n, % 180 (58.8) 32 (55.2) 2764 (61.2)
� 11 y, n, % 126 (41.2) 26 (44.8) 1753 (38.8)

Mean (SD) gestational age at maternal serum
sampling, wk

10.7 (2.8) 10.4 (2.7) 10.7 (2.8)

Preterm births (�37 wk), n, % 11 (3.2) 4 (6.1) 186 (3.6)
Male children, n, % 181 (52.0) 39 (59.1) 2596 (50.6)
Children in the family when child was 8 y old

(minimum-maximum), n
3.4 (1–17) 4.2 (1–17)d 3.3 (1–19)

Abbreviations: IQR, interquartile range.
a High TSH concentration was defined as having a serum TSH concentration greater than 3.1 mU/L in the first trimester or greater than 3.5 mU/L in
the second trimester.
b Maternal hypothyroxinemia was defined as having a normal TSH concentration and free T4 concentrations less than 11.4 pmol/L in the first
trimester or less than 11.1 pmol/L in the second trimester.
c P � .001 when maternal thyroid function group was compared with all women with laboratory data with t tests or Mann-Whitney U test
(continuous variables) or �2 test (categorical variables).
d P � .05 when maternal thyroid function group was compared with all women with laboratory data with t tests or Mann-Whitney U test
(continuous variables) or �2 test (categorical variables).
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TSH concentrations in early pregnancy and ADHD symp-
toms in girls. To our knowledge, our study is the first using
maternal thyroid hormone measurements from early preg-
nancy coupled with objectively evaluated ADHD symp-
tom scoring by the child’s teachers.

Few previous studies concerning maternal thyroid dys-
function and children’s ADHD symptoms exist, and our
results partly support them (7, 15). In a study by Haddow
et al (7), high maternal TSH concentrations were found to
be associated with lower full-scale IQ and attention scores
when comparing children of women with hypothyroidism
with controls. Ghassabian et al (15) found that high ma-
ternal TSH concentrations increased the risk of high ex-
ternalizing scores (eg, aggressive behavior and attention
problems). An independent association between maternal
TPO-Ab concentrations and ADHD symptoms has also
been shown (16). In our study, the exclusion of TPO-Ab-
positive mothers did not change children’s risk of ADHD
symptoms.

The overall prevalence of ADHD symptoms in NFBC
1986 was consistent with that reported in previous studies
in Northern Finland and abroad (27, 28). The prevalence
of both inattention and hyperactivity were slightly higher
in boys than girls, being in line with previous data (27, 28).
In our study, ADHD symptoms of the children were eval-
uated by the teacher with the Rutter B2 scale. The scale has

been reported to be a more reliable method to find chil-
dren’s probable psychiatric disturbances at the time of
intervention than parental reports (Rutter A2) and child
interviews (Children’s Depression Inventory) (29). Teach-
ers are more objective when assessing a child’s ADHD
symptoms because they are able to observe children in a
more socially challenging environment in which calm be-
havior is required (29). Children’s behavior problems may
also be different at home and at school (30). In addition,
in Finland all children attend public elementary schools
and all elementary school teachers are highly educated.
The accuracy of parents as estimators may vary, depend-
ing on educational level and on the amount of stress as-
sociated with the child’s behavior (31, 32). We believe that
using teacher-estimated symptom scoring based on a val-
idated questionnaire has given us a more accurate estima-
tion of children’s ADHD symptoms than in studies in
which only parental data have been used.

We cannot explain for certain why boys and girls
showed somewhat different results in our study. Accord-
ing to our results, girls may be more sensitive to altered
maternal thyroid hormone concentrations during preg-
nancy. Such an interesting gender difference has not been
reported in previous literature. It is known, however, that
ADHD is globally approximately 3 times as prevalent
among boys, depending on subjects and population (27,

Table 2. Prevalence and Estimated Odds of ADHD Symptoms in Children of Mothers With High and Normal Serum
TSH Concentrations and With and Without Hypothyroxinemia in the NFBC 1986

Maternal Thyroid Function During Early Pregnancy

Child’s ADHD
Symptom

Normal TSH
(n � 4763)a

High TSH
(n � 348)a

aOR
(95% CI)b

Normal Free T4
(n � 4370)a

Hypothyroxinemia
(n � 66)a

aOR
(95% CI)c

Inattention, n, %
Boys 700 (14.7) 44 (12.6) 0.76 (0.51–1.12) 641 (14.7) 9 (9.1) 0.75 (0.33–1.69)
Girls 260 (5.5) 19 (5.5) 1.14 (0.66–1.97) 242 (5.5) 2 (3.0) 0.66 (0.15–2.83)

Hyperactivity, n, %
Boys 745 (15.6) 56 (16.1) 1.07 (0.75–1.52) 680 (15.6) 8 (12.1) 0.69 (0.31–1.56)
Girls 267 (5.6) 21 (6.0) 1.20 (0.70–2.03) 247 (5.7) 3 (4.5) 1.07 (0.31–3.65)

Rutter B2 scores � 9,
n, %

Boys 462 (9.7) 27 (7.8) 0.77 (0.49–1.24) 423 (9.7) 7 (10.6) 0.75 (0.28–1.96)
Girls 177 (3.7) 14 (4.0) 1.30 (0.70–2.42) 162 (3.7) 0 NA

Combined ADHD, n, %
Boys 330 (6.9) 21 (6.0) 0.89 (0.52–1.50) 299 (6.8) 3 (4.5) 0.61 (0.18–2.03)
Girls 95 (2.0) 10 (2.9) 1.69 (0.79–3.56) 86 (2.0) 0 NA

Abbreviations: aOR, adjusted odds ratio; NA, not applicable.
a Numbers may vary due to missing maternal TSH and/or free T4 measurements or availability of teacher evaluation of child’s symptoms. Forty-two
teacher questionnaires were not totally filled out.
b The ORs with 95% CIs for child’s ADHD symptoms after exposure to high maternal TSH concentrations during early pregnancy are calculated by
logistic regression after adjusting for having more than two children in family, maternal smoking, maternal education, and maternal age. High TSH
concentration was defined as having TSH concentration greater than 3.1 mU/L in the first or greater than 3.5 mU/L in the second trimester.
c The ORs with 95% CIs for child’s ADHD symptoms after exposure to maternal hypothyroxinemia during early pregnancy are calculated by logistic
regression after adjusting for having more than two children in family, maternal smoking, maternal education, and maternal age. Maternal
hypothyroxinemia was defined as having normal TSH concentration and free T4 concentration less than 11.4 pmol/L in the first or less than 11.1
pmol/L in the second trimester.
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28). It could therefore be speculated that boys and girls
have somewhat different etiologies with regard to ADHD
symptoms.

Although prematurity is known to affect the prevalence
of ADHD symptoms (33), our results did not change after
excluding preterm children. The number of preterm chil-
dren was not sufficient to estimate their risk of ADHD, but
prematurity seems not to be a major confounding factor in
our study. The possible effects of TPO-Ab positivity and
maternal thyroid medications were also acknowledged,
but these factors did not affect the results.

The strengths of our study are the mainly first-trimester
maternal thyroid function analyses, homogeneity of the
Finnish school system, and the use of the population-based
cohort NFBC 1986, which has been followed up since
early pregnancy. The excellent participation rate with re-
gard to the 8-year-old children’s questionnaire (92%) led
to more than 5000 mother-child pairs with teacher eval-
uation of children’s ADHD symptoms and maternal thy-
roid function test results available. The effect of the coun-
try’s iodine status must also be acknowledged because the
prevalence of ADHD might be higher in areas of iodine
deficiency (17). Recent results indicate that iodine defi-
ciency may also have a significant effect on the overall
neurodevelopment (34). Iodine insufficiency during preg-
nancy should not confound our results because in Finland
iodine supplementation has been in use since the 1940s

(35, 36). In 1986, Finland had the highest iodine intake of
the European countries, about 300 �g/d (37), and at that
time Finland was considered iodine sufficient.

Unfortunately, in our study setting, it was not possible
to assign clinical ADHD diagnoses to the children because
the evaluation was carried out via questionnaires. How-
ever, the Rutter B2 scale is a valid screening instrument for
ADHD symptoms (29), and our possibility to use total
Rutter scale scores increased the reliability of the evalua-
tion. Another limitation was the fact that we did not have
data on parental ADHD symptoms, and ADHD is a highly
heritable disorder in up to 60%–90% (24). We did not
presume that parental ADHD would have an effect on
maternal thyroid function during pregnancy, suggesting
that our observed association is not confounded by the
presence of parental ADHD symptoms. Some environ-
mental factors such as maternal alcohol use and smoking
during pregnancy also affect a child’s risk of ADHD, at
least in those who already have a genetic susceptibility (25,
26). We were able to account for maternal smoking by
adjusting for it in the analyses. It is likely that maternal
thyroid dysfunction during pregnancy can also act as an
environmental trigger among those who already have a
genetic predisposition in addition to the direct influence
that maternal thyroid dysfunction has on the developing
fetal brain (2, 3, 17). We were also lacking a portion of
maternal serum samples, but it has been ensured that
mothers without laboratory data did not differ from the
rest with regard to background and family characteristics
(20). We acknowledge that that serum free T4 measure-
ments with immunoassays may not be totally reliable dur-
ing pregnancy, although they are clinically used in addi-
tion to TSH measurements (38). However, we were able to
use population- and trimester-specific reference intervals
to define hypothyroxinemia, as currently recommended
when the gold standard methods are not available (5).
Because there has been shown to be small intraindividual
variability in thyroid function tests over the course of preg-
nancy (5), we expect that most women would remain eu-
thyroid or hypothyroid throughout pregnancy (if
untreated).

According to our results, girls had slightly increased
odds of ADHD symptoms with increasing maternal early
pregnancy serum TSH concentrations. The mechanisms
are unclear and merit further study. However, the asso-
ciation was weak in our study, and no data exist as to
whether treating women with high TSH levels would pre-
vent ADHD in their children. In addition, maternal thy-
roid function screening would not help in discovering
those at risk of ADHD. However, because a possible as-
sociation exists, abnormal maternal serum TSH concen-
trations should be treated as early in pregnancy as possi-

Table 3. Prevalence and Odds of ADHD symptoms in
Children After Exposure to Increasing Maternal Serum
Thyroid Stimulating Hormone Concentration in Early
Pregnancy

All Mother-Children Pairs With Sufficient Maternal
Serum Samples and Children’s ADHD Symptom
Evaluation Available (n � 5131)

Child’s ADHD
symptom n (%) aOR (95% CI)a

Inattention
Boys 749 (14.6) 1.00 (0.90–1.12)
Girls 281 (5.5) 1.18 (1.02–1.37)

Hyperactivity
Boys 806 (15.7) 1.00 (0.90–1.10)
Girls 289 (5.6) 1.10 (0.95–1.25)

Rutter B2 scores of 9
or greater

Boys 494 (9.6) 1.02 (0.90–1.15)
Girls 192 (3.7) 1.23 (1.03–1.48)

Combined ADHD
Boys 355 (6.9) 1.17 (1.00–1.36)
Girls 106 (2.1) 1.39 (1.07–1.80)

Abbreviations: aOR, adjusted odds ratio.
a The ORs with 95% CIs for ADHD symptoms in the child per 1 natural
logarithmic unit increase in maternal early-pregnancy TSH
concentrations are calculated with logistic regression after adjusting
for having more than two children in family, maternal smoking,
maternal education, and maternal age.
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ble, especially if there is a history of ADHD or other
neuropsychological disorders in the family (24).
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