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Background: Maternal hypothyroidism and hypothyroxinemia are associated with poor
neuropsychological development in children. Previous research is lacking on whether
maternal thyroid dysfunction affects sensory and linguistic development in childhood.
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Methods: The Northern Finland Birth Cohort 1986 included all births within a year
(9,362 women, 9,479 children) from the two northernmost Finnish provinces. Maternal
serum samples (n = 5,791) were obtained in early pregnancy and analyzed for TSH,
free T4, and thyroid peroxidase antibodies (TPO-Abs). Five thousand three hundred
and ninety-one parents evaluated their child’s sensory and linguistic development at
7 years old via a questionnaire (excluding children with an intelligence quotient ≤85). The
prevalence of sensory and linguistic impairments was compared between mothers with
and without thyroid dysfunction.
results: There were no statistically significant differences in the prevalence of sensory or
linguistic impairment between children of mothers with and without thyroid dysfunction.
Children of hypothyroid and hypothyroxinemic mothers had an increased prevalence of
vision impairment compared with those of euthyroid mothers (10.8 and 11.7%, respectively, versus 6.5%), but the difference was not significant. All results remained similar
after excluding TPO-Ab-positive mothers and premature children.
conclusion: We did not find an association between maternal thyroid dysfunction
during pregnancy and sensory and linguistic development impairment in childhood. A
somewhat higher prevalence of vision impairment was seen in children of hypothyroid
and hypothyroxinemic mothers, which merits further research.
Keywords: sensory development, linguistic abilities, hypothyroidism, epidemiology, pregnancy, thyroid disorders

INTRODUCTION
Pregnancy stresses the thyroid gland, and overt hypo- and hyperthyroidism are considered significant risk factors for pregnancy complications and adverse childhood development (1–3). Large
population-based cohort studies have suggested that maternal subclinical hypothyroidism and
hypothyroxinemia and/or thyroid peroxidase antibody (TPO-Ab) positivity might also adversely
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affect offspring’s neuropsychological development (4–7) and
psychiatric morbidity (8, 9).
The fetal brain needs thyroid hormones (THs) even before the
onset of fetal TH production, which occurs around 20 weeks gestation. Thus, the fetus is dependent on maternal TH supply (10).
THs regulate genes responsible for neurogenesis, cell migration
and differentiation, synaptogenesis, and myelination (11–14).
Rat studies have shown that maternal THs are important for the
offspring’s sensory development. Maternal THs affect several
structures needed for normal vision, such as the retina (15),
thalamus (16), and primary visual cortex (17).
In humans, insufficiently treated maternal overt hypothyroidism during early pregnancy or congenital hypothyroidism in the
child reduced infant’s contrast sensitivity (18). Also, children who
developed transient hypothyroxinemia of prematurity were at a
greater risk of impaired visual functioning (19) and psychomotor delays (20) compared with prematurely born infants without
transient hypothyroxinemia of prematurity. These studies
emphasize the need of THs in humans during fetal development
and in early life.
Some previous studies have examined the sensory and
linguistic development in children of mothers with thyroid dysfunction with mostly negative findings (21–24). However, these
studies were limited by short follow-up times and limited sample
sizes as the sensory and linguistic developmental outcomes were
secondary outcomes. In contrast, language development was
studied as the main outcome in one large cohort study, which
showed an association between maternal hypothyroidism during pregnancy and children’s expressive language delay (25).
Additionally, maternal TPO-Ab-positivity in the third trimester
has been associated with an increased risk of childhood sensorineural hearing loss by 8 years old (26). In adults, treating
hypothyroidism with levothyroxine improves color contrast
sensitivity (27).
With this background, we hypothesized that maternal thyroid
dysfunction and especially maternal hypothyroidism during
pregnancy might negatively affect the child’s visual, linguistic,
and audiological development. We tested the hypothesis in the
prospective, population-based, and iodine-sufficient Northern
Finland Birth Cohort 1986 (NFBC 1986) by analyzing parental
questionnaire data and maternal early pregnancy laboratory
data.

After birth, data on the health of cohort children and familial
demographics were obtained via visits to the free communal
child welfare clinics, questionnaires, and clinical examination, supplemented with data from national registers (29). All
subjects provided informed consent. The Ethics Committees of
the Northern Ostrobothnia Hospital District and the National
Institute for Health and Welfare approved this study.

Data Collection

Detection of Developmental Problems

In Finland, all children participate in a follow-up protocol in
the local communal child welfare clinic. This practice is regulated under the Finnish Law on Public Health Care [1326/2010
(Finlex)]. The purpose of the follow-up program is to detect earlystage developmental delays and enable early treatment (30). The
percentage of non-participating families is approximately only
0.2–0.3% (Register data from the National Institute for Health
and Welfare, Finland).
The NFBC 1986 children received clinical examinations since
birth according to the national program, from either a doctor or
a trained nurse, approximately once a month for 1 year. After the
first year, the clinical examinations continued once or twice a year
depending on the family’s needs.
Children’s hearing was examined at ages of 8 months, 4 and
6 years according to the follow-up program. The children’s pupillary reflexes and strabismus were studied at every doctoral visit
(at 1, 6, 8, 12, and 16 months). After that, the children’s vision
was examined once a year. The children’s speech development was
routinely assessed at every visit to a nurse or doctor (30). The children were additionally examined at any age if parents expressed a
concern about abnormal hearing, speech, or visual development.

Parental Questionnaires About 7-Year-Old Children

When the children were 7 years old and in their first year of
school (n = 9,326 children alive and with a known address), the
parents were sent the first of two postal questionnaires (response
rate 90.2%). The questionnaire included questions on school and
family type, family’s social environment, and the child’s development and health. The specific sensory and motor development
questions were designed in a way that the parents could answer
them based on the routine child follow-up program examinations. The questionnaire included a question about vision deficits.
If a deficit was present, the parents were queried about its nature
(squinting, refractive errors, or other). Abnormal hearing was
evaluated similarly. The parents also evaluated if the child had
abnormal faculty or development of speech. They were asked
about the presence of dysphasia or need for speech therapy until
the age of four. The study protocol and the questionnaire form
were previously reported in more detail (31).

MATERIALS AND METHODS
Northern Finland Birth Cohort 1986

The prospective NFBC 1986 covered 99% of all births with a calculated term between July 1, 1985 and June 30, 1986, drawn from
the two northernmost provinces of Finland (9,362 mothers, 9,479
children). Maternal and family demographics, maternal health
data, and data on pregnancy, delivery, and neonatal outcomes
were collected during routine visits to free communal maternity
welfare clinics (participation rate 99.8%) and via questionnaires
during the index pregnancy. All mothers’ follow-up started at the
first visit to a clinic at 8–12 weeks gestation (28, 29). They were
recruited to the study at 24 weeks gestation.
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The NFBC 1986 mothers underwent routine infectious disease
screening during the first trimester at their first visit to a local
maternity welfare clinic. The mean gestational age was 10.7 weeks
(SD 2.8) at sampling. The remainder of the serum samples was
stored in the Finnish Maternity Cohort at −25°C on the grounds
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of the National Institute for Health and Welfare (32). The available
samples with sufficient serum size (n = 5,805, 61.2% of the NFBC
1986) were analyzed for TSH, fT4, and TPO-Abs (or for TSH
and/or fT4 if sample size was insufficient for all analyses) with
the Abbott Architect i2000 method (Abbott Diagnostics, Abbott
Park, IL, USA). Five thousand seven hundred and ninety-one
samples were sufficient for TSH and fT4 analysis. Data on laboratory data collection (33) and the long-term storage effects of these
laboratory parameters were published previously (32). Maternal
demographic characteristics and birth outcomes of mothers
with and without available laboratory parameters were similar
(32). A medical chart review revealed 98 women with diagnosed
and treated thyroid disease. Sixty-eight mothers needed thyroid
medication during gestation or had used thyroid medication
before the pregnancy. The study analysis was conducted by both
including and excluding these mothers.
The trimester-specific reference intervals for TSH and fT4 were
0.07–3.1 mU/L and 11.4–22.4 pmol/L in the first trimester and
0.10–3.5 mU/L and 11.09–18.9 pmol/L in the second trimester
(34). Mothers with a serum TPO-Ab concentration over the 95th
percentile (>167.7 IU/mL) were categorized as TPO-Ab-positive
(5.1% of mothers) (34).
Mothers with parental questionnaire report data were
divided into four groups according to their serum fT4 and TSH
concentrations:

via t-tests for continuous variables with normal distribution.
Mann–Whitney U tests were used for those with non-Gaussian
distributions. Categorical variables were compared via χ2 tests.
Study outcomes were dichotomized. We studied the composite
outcomes of any vision defects, abnormal speech development,
and hearing defects as well as the prevalence of a specific defect. To
assess if median maternal TSH, fT4, and TPO-Ab concentrations
differed among mothers with and without questionnaire data,
the Mann–Whitney U test was used. The prevalence of abnormal
questionnaire results from mothers with and without the thyroid
dysfunction and with or without positive TPO-antibody concentrations was evaluated with a χ2 test. Odds ratios (ORs) with 95%
CIs for children with any visual impairment, abnormal faculty of
speech, or hearing defect were assessed with logistic regression.
No further adjustments were made, because all raw results were
statistically non-significant.
All data were analyzed by including and excluding TPOAb-positive mothers and mothers with diagnosed and treated
thyroid disease during or prior to the index pregnancy. Since the
results did not differ, all of these mothers were included in the
final analysis and presented results. The data were stratified to
term and preterm children to see if preterm birth modified the
association.
All statistical analyses were performed using SPSS version 20.0
software (IBM Statistics).

(1) Euthyroidism: maternal TSH and fT4 within the reference
intervals, n = 4,831.
(2) Hypothyroidism: TSH above the upper reference interval
with low or normal fT4 concentrations, n = 365.
(3) Hypothyroxinemia: TSH within the reference intervals with
low fT4 concentrations, n = 71.
(4) Hyperthyroidism: TSH below the lower reference interval
with high or normal fT4 concentrations, n = 124.

RESULTS
Table 1 presents the demographic characteristics of the NFBC
1986 mothers during their index pregnancies. Hypothyroid mothers had a higher pre-pregnancy body mass index and smoked less
often than euthyroid mothers. Hyperthyroid mothers were older
than euthyroid mothers. Hypothyroxinemic mothers had higher
pre-pregnancy body mass index and were older than euthyroid
mothers (Table 1). TPO-Ab-positivity was the most prevalent in
the group of hypothyroid mothers (113/365, 31%) (Table 1). The
median maternal TSH, fT4, and TPO-Ab concentrations did not
differ between mothers with and without sensory development
data on the child (Table 2). The prevalence of child impairments
did not significantly differ between mothers with and without
laboratory data. Table 3 presents the respondent percentages in
different question categories.
Table 4 presents the parental reports of abnormal results for
sensory development, grouped by maternal thyroid function
status. The prevalence of adverse outcomes in children of mothers
with thyroid dysfunction did not statistically differ from that of
euthyroid mothers. Children of hypothyroid and hypothyroxinemic mothers had a higher prevalence of any vision deficit (10.8
and 11.7%, respectively) than those of euthyroid mothers (6.5%).
However, this difference was not statistically significant. The
respective ORs (95% CIs) were 1.39 (0.90–2.14) for the children
of hypothyroid mothers and 1.89 (0.85–4.20) for hypothyroxinemic mothers. Children of TPO-Ab-positive mothers did not have
statistically significantly more often problems in any outcome
categories.
All results remained similar after excluding mothers with
positive TPO-Ab concentrations and prematurely born children.

The number of mothers with thyroid dysfunction varied in
different analyses due to missing questionnaires and/or clinical
examination data.

Final Study Population

We excluded mothers with multiple pregnancies (n = 232), mothers who refused use of data (n = 251), mothers with insufficient
or missing samples for thyroid function analyses (n = 3,018), and
mothers with a gestational age at sampling >20 weeks (n = 187).
We also excluded children with an intelligence quotient (IQ) ≤85
(n = 147) because they were previously reported to have congenital syndromes and disorders that affect overall development
such as Down syndrome which lead to 5,644 mother–child pairs.
After excluding those with missing questionnaire data the final
study population in sensory and linguistic development analyses
was 5,391 mother–child pairs. The percentage of questionnaire
completion in the final sample varied (56.3–100%) depending on
the questions.

Statistical Analysis

Maternal and family characteristics of mothers in thyroid
dysfunction groups were compared with euthyroid mothers

Frontiers in Endocrinology | www.frontiersin.org

3

March 2018 | Volume 9 | Article 127

Päkkilä et al.

Maternal thyroid dysfunction & child development

Table 1 | Maternal and family characteristics grouped by maternal thyroid function.
Characteristics

Euthyroid
(n = 4,831/160)

Hypothyroid
(n = 365/113)

Hyperthyroid
(n = 124/3)

Hypothyroxinemic
(n = 71/5)

Median (IQR) maternal TSH concentration, mU/L
Median (IQR) maternal free T4, pmol/L
Median (IQR) maternal TPO-Ab concentration, IU/mL
Mean (SD) maternal age at birth, years
Mean (SD) BMI, kg/m2
Overweight/obese (BMI > 25 kg/m2)

1.2 (0.7–1.7)
15.1 (13.8–16.5)
4.2 (3.0–6.2)
28.1 (5.3)
22.0 (3.3)
739 (15.9)

4.1 (3.6–5.4)*
13.9 (12.5–15.2)*
27.7 (5.0–321.6)*
28.4 (5.4)
22.6 (3.6)*
71 (20.1)

0.03 (0.02–0.04)*
20.5 (18.0–22.9)*
4.3 (3.2–6.1)
30.0 (5.5)*
22.4 (3.4)
22 (18.6)

1.3 (0.9–2.0)
11.0 (10.7–11.2)*
3.5 (2.3–5.6)*
30.2 (6.2)*
23.9 (5.0)*
16 (26.1)*

Maternal education
≥11 years, n (%)
<11 years, n (%)

2,604 (61.5)
1,633 (38.5)

187 (58.8)
131 (41.2)

Smoking during pregnancy, n (%)

1,030 (21.4)

Socioeconomic status of the family
Professional, n (%)
Skilled, n (%)
Unskilled, n (%)
Farmers, n (%)
Mean (SD) gestational age at maternal serum sampling, weeks
Preterm births (<37 weeks), n (%)
Male children, n (%)

2,817 (79.1)
581 (16.3)
26 (0.7)
137 (3.8)
10.7 (2.8)
207 (4.3)
2,454 (50.8)

54 (14.9)*
199 (78.7)
44 (17.4)
4 (1.6)
6 (2.4)
10.7 (2.7)
17 (4.7)
194 (53.2)

67 (59.3)
46 (40.7)

34 (54.0)
29 (46.0)

19 (15.4)

17 (24.3)

76 (80.9)
12 (12.8)
0
6 (6.4)
10.9 (2.5)
5 (4.0)
44 (35.5)*

42 (85.7)
4 (8.2)
1 (2.0)
2 (4.1)
10.7 (2.8)
6 (8.5%)
42 (59.2)

The groups include mothers with child sensory development data available and child intelligence quotient >85.
n = number of all mothers in the thyroid function group/number of TPO-Ab-positive mothers.
Euthyroidism: maternal TSH and fT4 both within 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 within the reference intervals with low fT4 concentrations.
*p < 0.05, when the maternal thyroid dysfunction group was compared with euthyroid mothers: t-test or Mann–Whitney U test (continuous variables), χ2 test (categorical variables).
TSH, thyrotropin; fT4, free thyroxine; TPO-Ab, thyroid peroxidase antibodies; BMI, body mass index; IQR, interquartile range.

Mild visual impairment is a relatively common childhood
problem, but severe visual impairments or blindness are rare and
often accompanied by varying comorbidities (35). Children at the
highest risk of visual impairment are those born preterm, or with
cerebral palsy, brain injury, learning difficulty, Down syndrome,
or hearing impairment (35). We excluded children with and IQ
≤85 to attenuate confounding by these factors. We found no
significant association between maternal hypothyroidism or
hypothyroxinemia during pregnancy and parent-reported vision
impairment in children. A slight tendency toward increased
visual impairment was seen among children of hypothyroxinemic
mothers although this did not reach statistical significance. One
previous study found that untreated overt maternal hypothyroidism associated with reduced contrast sensitivity in children (18).
It is plausible that severe maternal thyroid dysfunction associates
with visual impairment as vision development is sensitive to
disturbances (36) and rodent studies have shown that THs and
normal TH metabolism during fetal period are needed for normal
vision (15–17, 37). This is also in line with the previous knowledge of adverse child outcomes associated with overt maternal
hypothyroidism (2). The effects of milder forms of maternal
thyroid dysfunction during pregnancy on vision development
remain unclear.
Thyroid hormones are also important for audiological
development as type 3 deiodinase deficient mice suffer deafness and premature cochlear differentiation (38). In this study,
we found no connection between maternal thyroid dysfunction and hearing problems in children. In one previous study,
maternal third trimester TPO-Ab-positivity was associated with
an increased risk of sensorineural hearing loss in children at
8 years (26). However, maternal TSH and fT4 concentrations

Table 2 | Maternal thyroid function values, grouped by children with and
without parent-reported questionnaire data.
Maternal
thyroid function
parameter

Sensory function data
available (n = 5,391/281*)

TSH (mU/L)
fT4 (pmol/L)
TPO-Ab (IU/mL)

Sensory function data not
available (n = 414/9**)

1.20 (0.20–3.60)
15.04 (11.9–20.55)
4.18 (2.07–162.06)

1.20 (0.18–3.54)
15.13 (12.0–20.52)
4.28 (2.02–175.43)

n = number of all mothers/TPO-Ab-positive mothers. TPO-Ab-analysis missing from *1
and **37% of the mothers. Data expressed as median (5–95th percentile). Children with
an intelligence quotient ≤85 excluded from analysis.

Table 3 | Parental questionnaire response percentage.
Question category

n of answered questions/n of
parental questionnaires (%)

Vision
Speech
Hearing

3,985/5,391 (74%)
4,795–5,054/5,391 (89.0–93.7%)
3,035–5,391/5,391 (56.3–100%)

Children with maternal thyroid function data available and intelligence quotient >85
included in the analysis, total n = 5,391.

DISCUSSION
In this study, no statistically significant association between
maternal thyroid dysfunction during early pregnancy and childhood vision, hearing, or speech development were found. We did
not find previous large-scale studies examining maternal thyroid
dysfunction during pregnancy and subsequent overall childhood
sensory development.

Frontiers in Endocrinology | www.frontiersin.org

4

March 2018 | Volume 9 | Article 127

Päkkilä et al.

Maternal thyroid dysfunction & child development

Table 4 | Child’s parent-reported sensory development, grouped by maternal thyroid function during early pregnancy.
Maternal thyroid function group
Child’s sensory outcome

Hyperthyroid
(n = 124)

Total (n = 5,391)

4/60 (6.7%)
4/60 (6.7%)
1/60 (1.7%)
7/60 (11.7%)

2/79 (2.5%)
3/79 (3.8%)
1/79 (1.3%)
4/79 (5.1%)

174/3,985 (4.3%)
156/3,985 (3.9%)
26/3,985 (0.7%)
269/3,985 (6.7%)

24/345 (7.0%)
7/331 (2.1%)
10/330 (3.0%)
6/329 (1.8%)
30/345 (8.7%)

8/64 (12.5%)
1/59 (1.7%)
4/59 (6.8%)
1/59 (1.7%)
9/64 (14.1%)

10/116 (8.6%)
1/113 (0.9%)
7/113 (6.2%)
0/113
10/116 (8.6%)

427/5,054 (8.4%)
111/4,820 (2.3%)
233/4,813 (4.8%)
117/4,795 (2.4%)
526/5,063 (10.3%)

4/345 (1.2%)
12/217 (5.5%)
10/365 (2.7%)
22/365 (6.0%)

1/64 (1.6%)
0/64
1/71 (1.4%)
2/71 (2.8%)

2/116 (1.7%)
3/56 (5.4%)
2/124 (1.6%)
4/124 (3.2%)

94/5,052 (1.8%)
107/3,035 (3.5%)
133/5,391 (2.5%)
280/5,391 (5.2%)

Euthyroid
(n = 4,831)

Hypothyroid
(n = 365)

Hypothyroxinemic
(n = 71)

Vision
Squint
Refractive error
Other
Any vision defect

152/3,564 (4.3%)
135/3,564 (3.8%)
20/3,564 (0.6%)
233/3,564 (6.5%)

16/282 (5.7%)
14/282 (5.0%)
4/282 (1.4%)
25/282 (10.8%)

Speech
Is your child’s way of speech normal
Delayed development of speech or dysphasia
Other
Needed speech therapy, under 4 years old
Any speech deficit

385/4,529 (8.5%)
102/4,317 (2.4%)
212/4,311 (4.9%)
110/4,294 (2.6%)
477/4,538 (10.5%)

Hearing
Lowered hearing ability
Examined for abnormal hearing
Abnormal hearing in either ear
Any hearing deficit

87/4,527 (1.9%)
92/2,698 (3.4%)
120/4,831 (2.5%)
252/4,831 (5.2%)

Children with maternal thyroid function data available and intelligence quotient >85 included in the analysis, total n = 5,391. Prevalence of abnormal questionnaire results in children
of mothers with and without thyroid dysfunction (euthyroid group as reference group) was evaluated with a χ2 test. No statistically significant results were found.
Euthyroidism: maternal TSH and fT4 both within 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 within the reference intervals with low fT4 concentrations.

were not evaluated in that study. Accounting for maternal
TPO-Ab positivity did not change our findings, suggesting little
effect of TPO-Ab positivity on hearing problems in children in
our cohort. Childhood hearing impairment has a prevalence of
2.3/1,000 in Northern Finland and the etiology is 47% genetic,
16% acquired, and 36% unknown (39). We accounted for these
factors by excluding children with an IQ ≤85, because the most
common etiology behind intellectual impairment in the NFBC
1986 was a disease or syndrome (40). We also excluded children
born preterm, since asphyxia and prematurity are currently most
common etiologies for hearing impairment (41), but this had
little effect on our results.
Speech disorders and language delays are common multifactorial childhood problems, with an estimated prevalence of up to
12% (42). Speech disorders have been previously studied in the
NFBC 1986 in children with low-birth weight (<2,500 g), who
had an increased risk of poorer linguistic skills compared with
children with normal birth weight (43). In the present study,
maternal thyroid dysfunction was not associated with childhood speech abnormalities. Our findings contradict those of
Henrichs et al. who associated maternal hypothyroxinemia with
an increased risk of expressive language delay in children at 18
and 30 months (25). Since our measurement of speech impairment was geared toward capturing conditions that require treatment such as speech therapy, we may have missed more subtle
differences in language development such as those reported by
Henrichs et al.
One strength of the present study is the population-based
cohort setting, covering almost the entire Northern Finland.
Another strength is the communal child welfare clinic system,
which assures that all cohort children were examined identically
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during follow-up. The maternal serum samples were mainly
drawn in the first trimester and studied in a single laboratory. The
comprehensive cohort data collection from pregnancy onward
permitted us to categorize children into term and preterm births
and exclude those with an IQ ≤85. A recent publication showed
that pregnant women are particularly at risk of iodine deficiency
(44). Iodine insufficiency during pregnancy should not confound
our results because iodine supplementation has been in use in
Finland since the 1940s (45, 46). In 1986, Finland had the highest
iodine intake of all European countries, approximately 300 μg/day
(47). At that time, Finland was considered to be iodine sufficient.
As limitations, we lacked some data on maternal thyroid
function assessments. However, we previously confirmed that
mothers with and without laboratory data do not significantly
differ (33). We also lacked some parental evaluations of their
children’s sensory development, though the overall parental
questionnaire response rate was excellent (90%). Questions on
the child’s vision were answered less often. Nevertheless, due to
the comprehensive screening system, parental evaluations most
likely relied on welfare clinic examinations. Presumably, parents
would remember the most important findings from the screening visits. However, the clinical examinations in the screening
program together with the parental questionnaire were not
the most sensitive method to distinguish the subtlest changes
in vision and visual processing development between children
of mothers in different thyroid function groups. That would
require a different study setting. Although our cohort data have
been collected almost a generation ago, the screening system
has remained the same in Finland. Our material was large, but
certain rare outcomes were difficult to reliably study in small
maternal thyroid dysfunction groups.
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In conclusion, maternal thyroid dysfunction during pregnancy
did not affect childhood sensory and linguistic development in
our cohort study.

ACKNOWLEDGMENTS
We gratefully thank all cohort participants for enabling NFBC
1986 research at the University of Oulu. We also thank Sarianna
Vaara, Heljä-Marja Surcel, PhD, and all other personnel from the
National Institute for Health and Welfare, and Tuula Ylitalo from
the Institute of Health Sciences, Oulu University, for their valuable work regarding the NFBC 1986 and the Finnish Maternity
Cohort serum bank. Many thanks to Prof. Martti Sorri and Sanna
Häkli, MD, PhD, who gave us valuable audiological help. We are
grateful to our study group members who offered help in the
study design: Prof. Aimo Ruokonen (clinical chemistry), Marja
Vääräsmäki, MD, PhD (obstetrics and gynecology), Aini Bloigu,
BSc (statistics). Special thanks to our leader of the cohort study
Prof. Marjo-Riitta Järvelin for enabling and creating this cohort.

ETHICS STATEMENT
This study was carried out in accordance with the recommendations of the Ethics Committees of the Northern Ostrobothnia
Hospital District, Finland, and the National Institute for Health
and Welfare, Finland. All subjects gave written informed consent
in accordance with the Declaration of Helsinki. The protocol was
approved by the Ethics Committees of the Northern Ostrobothnia
Hospital District, Finland.

AUTHOR CONTRIBUTIONS
FP was the first author responsible for data analysis of and
manuscript writing. TM was the main instructor concerning
data analysis and writing. ES took part especially in study design
planning, research plan writing and manuscript introduction,
and discussion writing. A-LH took part in the whole cohort
study planning and executing, data collection and storing, and
also helped with planning and finalizing this current manuscript.

FUNDING

REFERENCES

11. Auso E, Lavado-Autric R, Cuevas E, Del Rey FE, Morreale De Escobar G,
Berbel P. A moderate and transient deficiency of maternal thyroid function
at the beginning of fetal neocorticogenesis alters neuronal migration.
Endocrinology (2004) 145(9):4037–47. doi:10.1210/en.2004-0274
12. Anderson G, Schoonover C, Jones S. Control of thyroid hormone action
in the developing rat brain. Thyroid (2003) 13(11):1039–56. doi:10.1089/
105072503770867219
13. Lavado-Autric R, Auso E, Garcia-Velasco J, Arufe M, del C, Escobar del Rey F,
et al. Early maternal hypothyroxinemia alters histogenesis and cerebral
cortex cytoarchitecture of the progeny. J Clin Invest (2003) 111(7):1073–82.
doi:10.1172/JCI200316262
14. Cuevas E, Auso E, Telefont M, Morreale de Escobar G, Sotelo C, Berbel P.
Transient maternal hypothyroxinemia at onset of corticogenesis alters tangential migration of medial ganglionic eminence-derived neurons. Eur J Neurosci
(2005) 22(3):541–51. doi:10.1111/j.1460-9568.2005.04243.x
15. Roberts M, Srinivas M, Forrest D, Morreale de Escobar G, Reh T. Making the
gradient: thyroid hormone regulates cone opsin expression in the developing
mouse retina. Proc Natl Acad Sci U S A (2006) 103(16):6218–23. doi:10.1073/
pnas.0509981103
16. Guadano-Ferraz A, Escamez M, Rausell E, Bernal J. Expression of type 2
iodothyronine deiodinase in hypothyroid rat brain indicates an important role
of thyroid hormone in the development of specific primary sensory systems.
J Neurosci (1999) 19(9):3430–9.
17. Berbel P, Escobar, del Rey F, Morreale de Escobar G, Ruiz-Marcos A. Effect
of hypothyroidism on the size of spines of pyramidal neurons of the cerebral
cortex. Brain Res (1985) 337(2):217–23. doi:10.1016/0006-8993(85)90057-5
18. Mirabella G, Westall CA, Asztalos E, Perlman K, Koren G, Rovet J. Development
of contrast sensitivity in infants with prenatal and neonatal thyroid
hormone insufficiencies. Pediatr Res (2005) 57(6):902–7. doi:10.1203/01.
PDR.0000157681.38042.B4
19. Rovet J, Simic N. The role of transient hypothyroxinemia of prematurity
in development of visual abilities. Semin Perinatol (2008) 32(6):431–7.
doi:10.1053/j.semperi.2008.09.009
20. Smit B, Kok J, De Vries L, Dekker F, Ongerboer de Visser B. Motor nerve
conduction velocity in very preterm infants. Muscle Nerve (1999) 22(3):372–7.
doi:10.1002/(SICI)1097-4598(199903)22:3<372::AID-MUS10>3.0.CO;2-B
21. Haddow JE, Palomäki GE, Allan WC, Williams JR, Knight GJ, Gagnon J. Maternal
thyroid deficiency during pregnancy and subsequent neuropsychological

This work was supported in part by grants from the Academy
of Finland, the Alma and K.A. Snellman Foundation (Oulu,
Finland), the Jalmari and Foundation (Finland), the Northern
Ostrobothnia Hospital District (Finland), the Finnish Medical
Foundation, and the Finnish Medical Association of Clinical
Chemistry.

1. Glinoer D. The regulation of thyroid function in pregnancy: pathways of
endocrine adaptation from physiology to pathology. Endocr Rev (1997)
18(3):404–33. doi:10.1210/edrv.18.3.0300
2. Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al.
Guidelines of the American thyroid association for the diagnosis and management of thyroid disease during pregnancy and the postpartum. Thyroid (2017)
27(3):315–89. doi:10.1089/thy.2016.0457
3. Lazarus J, Brown R, Daumerie C, Hubalewska-Dydejczyk A, Negro R, Vaidya B.
European thyroid association guidelines for the management of subclinical
hypothyroidism in pregnancy and in children. Eur Thyroid J (2014) 3(2):76–94.
doi:10.1159/000362597
4. Päkkilä F, Männistö T, Surcel H, Ruokonen A, Bloigu A, Pouta A, et al.
Maternal thyroid dysfunction during pregnancy and thyroid function of
her child in adolescence. J Clin Endocrinol Metab (2013) 98(3):965–72.
doi:10.1210/jc.2012-2028
5. Ghassabian A, El Marroun H, Peeters RP, Jaddoe VW, Hofman A, Verhulst FC,
et al. Downstream effects of maternal hypothyroxinemia in early pregnancy:
nonverbal IQ and brain morphology in school-age children. J Clin Endocrinol
Metab (2014) 99(7):2383–90. doi:10.1210/jc.2013-4281
6. Andersen S, Laurberg P, Wu C, Olsen J. Attention deficit hyperactivity disorder
and autism spectrum disorder in children born to mothers with thyroid dysfunction: a Danish nationwide cohort study. BJOG (2014) 121(11):1365–74.
doi:10.1111/1471-0528.12681
7. Modesto T, Tiemeier H, Peeters R, Jaddoe V, Hofman A, Verhulst F, et al.
Maternal mild thyroid hormone insufficiency in early pregnancy and
attention-deficit/hyperactivity disorder symptoms in children. JAMA Pediatr
(2015) 169(9):838–45. doi:10.1001/jamapediatrics.2015.0498
8. Andersen S, Olsen J, Wu C, Laurberg P. Psychiatric disease in late adolescence
and young adulthood. Foetal programming by maternal hypothyroidism? Clin
Endocrinol (Oxf) (2014) 81(1):126–33. doi:10.1111/cen.12415
9. Gyllenberg D, Sourander A, Surcel H, Hinkka-Yli-Salomäki S, McKeague I,
Brown A. Hypothyroxinemia during gestation and offspring schizophrenia in
a national birth cohort. Biol Psychiatry (2015) 79(12):962–70. doi:10.1016/j.
biopsych.2015.06.014
10. Rovet J. The role of thyroid hormones for brain development and cognitive
function. Endocr Dev (2014) 26:26–43. doi:10.1159/000363153

Frontiers in Endocrinology | www.frontiersin.org

6

March 2018 | Volume 9 | Article 127

Päkkilä et al.

22.
23.

24.

25.

26.

27.
28.
29.

30.
31.
32.

33.

34.

35.

Maternal thyroid dysfunction & child development

development of the child. N Engl J Med (1999) 341(8):549–55. doi:10.1056/
NEJM199908193410801
Oken E, Braverman LE, Platek D, Mitchell ML, Lee SL, Pearce EN. Neonatal
thyroxine, maternal thyroid function, and child cognition. J Clin Endocrinol
Metab (2009) 94(2):497–503. doi:10.1210/jc.2008-0936
Craig WY, Allan WC, Kloza EM, Pulkkinen AJ, Waisbren S, Spratt DI,
et al. Mid-gestational maternal free thyroxine concentration and offspring
neurocognitive development at age two years. J Clin Endocrinol Metab (2012)
97(1):E22–8. doi:10.1210/jc.2011-1772
Radetti G, Gentili L, Paganini C, Oberhofer R, Deluggi I, Delucca A.
Psychomotor and audiological assessment of infants born to mothers with
subclinical thyroid dysfunction in early pregnancy. Minerva Pediatr (2000)
52(12):691–8.
Henrichs J, Bongers-Schokking JJ, Schenk JJ, Ghassabian A, Schmidt HG,
Visser TJ, et al. Maternal thyroid function during early pregnancy and cognitive functioning in early childhood: the generation R study. J Clin Endocrinol
Metab (2010) 95(9):4227–34. doi:10.1210/jc.2010-0415
Wasserman E, Nelson K, Rose N, Eaton W, Pillion J, Seaberg E, et al. Maternal
thyroid autoantibodies during the third trimester and hearing deficits in
children: an epidemiologic assessment. Am J Epidemiol (2008) 167(6):701–10.
doi:10.1093/aje/kwm342
Cakir M, Turgut Ozturk B, Turan E, Gonulalan G, Polat I, Gunduz K. The
effect of hypothyroidism on color contrast sensitivity: a prospective study. Eur
Thyroid J (2015) 4(1):43–7. doi:10.1159/000371549
Järvelin MR, Hartikainen-Sorri AL, Rantakallio P. Labour induction policy
in hospitals of different levels of specialisation. BJOG (1993) 100(4):310–5.
doi:10.1111/j.1471-0528.1993.tb12971.x
Järvelin M, Elliott P, Kleinschmidt I, Martuzzi M, Grundy C, Hartikainen AL,
et al. Ecological and individual predictors of birthweight in a Northern
Finland birth cohort 1986. Paediatr Perinat Epidemiol (1993) 11(3):298–312.
doi:10.1111/j.1365-3016.1997.tb00007.x
Simell O. Neuvolakirja. 3rd ed. Espoo: Orion-yhtymä Oy/Lääketehdas
Remeda (1987).
Taanila A, Ebeling H, Kotimaa A, Moilanen I, Järvelin MR. Is a large family
a protective factor against behavioural and emotional problems at the age of
8 years? Acta Paediatr (2004) 93(4):508–17. doi:10.1111/apa.2004.93.4.508
Männistö T, Surcel H, Bloigu A, Ruokonen A, Hartikainen A, Järvelin M, et al.
The effect of freezing, thawing, and short- and long-term storage on serum
thyrotropin, thyroid hormones, and thyroid autoantibodies: implications for
analyzing samples stored in serum banks. Clin Chem (2007) 53(11):1986–7.
doi:10.1373/clinchem.2007.091371
Männistö T, Vääräsmäki M, Pouta A, Hartikainen A, Ruokonen A, Surcel H,
et al. Perinatal outcome of children born to mothers with thyroid dysfunction
or antibodies: a prospective population-based cohort study. J Clin Endocrinol
Metab (2009) 94(3):772–9. doi:10.1210/jc.2008-1520
Männistö T, Surcel H, Ruokonen A, Vääräsmäki M, Pouta A, Bloigu A, et al.
Early pregnancy reference intervals of thyroid hormone concentrations in a
thyroid antibody-negative pregnant population. Thyroid (2011) 21(3):291–8.
doi:10.1089/thy.2010.0337
Rahi J, Cable N, British Childhood Visual Impairment Study Group. Severe
visual impairment and blindness in children in the UK. Lancet (2003)
362(9393):1359–65. doi:10.1016/S0140-6736(03)14631-4

Frontiers in Endocrinology | www.frontiersin.org

36. Salt A, Sargent J. Common visual problems in children with disability. Arch
Dis Child (2014) 99(12):1163–8. doi:10.1136/archdischild-2013-305267
37. Ng L, Lyubarsky A, Nikonov SS, Ma M, Srinivas M, Kefas B, et al. Type 3
deiodinase, a thyroid-hormone-inactivating enzyme, controls survival
and maturation of cone photoreceptors. J Neurosci (2010) 30(9):3347–57.
doi:10.1523/JNEUROSCI.5267-09.2010
38. Ng L, Hernandez A, He W, Ren T, Srinivas M, Ma M, et al. A protective role
for type 3 deiodinase, a thyroid hormone-inactivating enzyme, in cochlear
development and auditory function. Endocrinology (2009) 150(4):1952–60.
doi:10.1210/en.2008-1419
39. Häkli S, Luotonen M, Bloigu R, Majamaa K, Sorri M. Childhood hearing impairment in Northern Finland, etiology and additional disabilities. Int J Pediatr
Otorhinolaryngol (2014) 78(11):1852–6. doi:10.1016/j.ijporl.2014.08.007
40. Heikura U, Linna SL, Olsen P, Hartikainen AL, Taanila A, Järvelin MR.
Etiological survey on intellectual disability in the Northern Finland birth
cohort 1986. Am J Ment Retard (2005) 110(3):171–80. doi:10.1352/08958017(2005)110<171:ESOIDI>2.0.CO;2
41. Korver A, Admiraal R, Kant S, Dekker F, Dekker F, Kunst H, et al. Causes of
permanent childhood hearing impairment. Laryngoscope (2011) 121(2):409–
16. doi:10.1002/lary.21377
42. Law J, Boyle J, Harris F, Harkness A, Nye C. Prevalence and natural
history of primary speech and language delay: findings from a systematic
review of the literature. Int J Lang Commun Disord (2000) 35(2):165–88.
doi:10.1080/136828200247133
43. Yliherva A, Olsen P, Mäki-Torkko E, Koiranen M, Järvelin M. Linguistic
and motor abilities of low-birthweight children as assessed by parents and
teachers at 8 years of age. Acta Paediatr (2001) 90(12):1440–9. doi:10.1111/
j.1651-2227.2001.tb01611.x
44. Granfors M, Andersson M, Stinca S, Akerud H, Skalkidou A, SundströmPoromaa I, et al. Iodine deficiency in a study population of pregnant women
in Sweden. Acta Obstet Gynecol Scand (2015) 94(11):1168–74. doi:10.1111/
aogs.12713
45. Lamberg BA, Haikonen M, Mäkelä M, Jukkara A, Axelson E, Welin MG.
Further decrease in thyroidal uptake and disappearance of endemic goitre
in children after 30 years of iodine prophylaxis in the east of Finland. Acta
Endocrinol (1981) 98(2):205–9.
46. Erkkola M, Karppinen M, Järvinen A, Knip M, Virtanen SM. Folate, vitamin
D, and iron intakes are low among pregnant finnish women. Eur J Clin Nutr
(1998) 52(10):742–8. doi:10.1038/sj.ejcn.1600638
47. Lamberg BA. Endemic goitre in Finland and changes during 30 years of iodine
prophylaxis. Endocrinol Exp (1986) 20(1):35–47.
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2018 Päkkilä, Männistö, Hartikainen and Suvanto. This is an openaccess article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

7

March 2018 | Volume 9 | Article 127

