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Abstract

Background: Attention Deficit Hyperactivity Disorder (ADHD) is the most common 

neurobehavioral disorder in children, yet its etiology is poorly understood. Early thyroid hormone 

disruption may contribute to the development of ADHD. Disrupted maternal thyroid hormone 

function has been associated with adverse neurodevelopmental outcomes in children. Among 

newborns, early-treated congenital hypothyroidism has been consistently associated with later 

cognitive deficits.

Methods: We systematically reviewed literature on the association between maternal or neonatal 

thyroid hormones and ADHD diagnosis or symptoms. We searched Embase, Pubmed, Cinahl, 

PsycInfo, ERIC, Medline, Scopus, and Web of Science for articles published or available ahead of 

print as of April 2018.

Results: We identified 28 eligible articles: 16 studies of maternal thyroid hormones, seven 

studies of early-treated congenital hypothyroidism, and five studies of neonatal thyroid hormones. 

The studies provide moderate evidence for an association between maternal thyroid hormone 
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levels and offspring ADHD, some evidence for an association between early-treated congenital 

hypothyroidism and ADHD, and little evidence for an association between neonatal thyroid 

hormone levels and later ADHD.

Conclusions: The reviewed articles suggest an association between maternal thyroid function 

and ADHD, and possibly between early-treated congenital hypothyroidism and ADHD. Study 

limitations, however, weaken the conclusions in our systematic review, underlining the need for 

more research. Importantly, there was much variation in measurement of thyroid hormone function 

and of ADHD symptoms. Recommendations for future research include using population-based 

designs, attending to measurement issues for thyroid hormones and ADHD, considering 

biologically relevant covariates (e.g., iodine intake), and assessing non-linear dose–responses.
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INTRODUCTION

Attention-Deficit Hyperactivity Disorder (ADHD), characterized by impulsivity, inattention, 

and hyperactivity1, is the most common childhood neurobehavioral disorder, affecting 

approximately 136 million children and adolescents worldwide (5.6%).2 Associated with 

significant distress and pervasive social and academic impairment, ADHD can persist into 

adulthood, resulting in higher risks for incarceration, employment difficulties, and substance 

use disorders.3–5

ADHD has a strong genetic component, with heritability estimates of 70%−90%.6,7 

However, substantial variation in the disorder may be attributable to non-genetic 

(environmental) risk factors and their interplay with genetic risk factors. There is not yet 

strong evidence identifying non-genetic risk factors as causal.8 Characterizing non-genetic 

causal pathways to ADHD is crucial because some may be preventable. This systematic 

review focused on one hypothesized non-genetic pathway to ADHD: the influence of thyroid 

hormones on brain development.

Variation in the lower and higher range of maternal and neonatal thyroid hormone levels 

may be associated with ADHD.9–15 Thyroid hormones are essential for brain development 

during intrauterine and early life: thyroxine (T4) and the biologically more active hormone 

triiodothyronine (T3) regulate the expression of genes that influence neural migration, 

differentiation, myelination, and synaptogenesis.16 Thyroid stimulating hormone (TSH) 

initiates thyroid hormone synthesis in the thyroid gland, and TSH release is influenced by 

circulating T3 and T4 in a negative feedback system. Thyroid peroxidase antibodies 

(TPOAb) inhibit the synthesis of thyroid hormones. Any perturbations of the thyroid 

hormone system (e.g. by thyroid diseases including thyroid autoimmunity, low iodine intake, 

or thyroid disrupting toxicants) could negatively affect thyroid hormone action in the 

developing brain, potentially leading to irreversible cognitive deficits.16–20
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Thyroid function tests are typically conducted on serum using immunoassays, and thyroid 

dysfunction is classified according to population- or laboratory-specific reference ranges of 

TSH and free T4 (fT4) or free T3 (fT3; free refers to unbound). The most common form of 

thyroid dysfunction during pregnancy is hypothyroidism (elevated TSH and suppressed 

fT4).21,22 Overt and subclinical hypothyroidism (elevated TSH with normal fT4) occur in 

approximately 0.5% (overt) and 2.0% to 3.0% (subclinical) of pregnant women.22–24 

Approximately 1.3% of pregnant women experience hypothyroxinemia (normal TSH levels 

and low fT4).25 Hyperthyroidism (suppressed TSH and elevated fT4 and/or fT3) affects 

0.1%−0.4% of pregnancies.22,24,26 During the first trimester of pregnancy, 10%−20% of 

women who present as euthyroid based on TSH and fT4 levels are positive for thyroid 

hormone antibodies, including TPOAb and thyroglobulin antibodies.22 Factors associated 

with thyroid function include iodine intake, diet quality, age, depression and anxiety, alcohol 

use, smoking, and body mass index,27–34 among others.

During prenatal neurodevelopment, the fetus is unable to synthesize its own thyroid 

hormones until approximately mid-gestation. Until mid-gestation, the fetus must rely on 

maternal thyroid hormone production and transport across the placenta and fetal blood–brain 

barrier.35,36 The fetus continues being partly reliant on maternal thyroid hormones until it is 

self-sufficient at term. Thus, especially during the first 20 weeks of gestation, healthy 

maternal thyroid function is crucial for fetal brain development.

Neural myelination and synaptogenesis continue after birth,37 and thyroid hormone levels 

during early neonatal life are critical for healthy neurodevelopment. Congenital 

hypothyroidism, a rare thyroid hormone deficiency at birth,38 is a prime example of the 

importance of thyroid hormones in neurocognitive development: untreated congenital 

hypothyroidism leads to severe intellectual disability.39 Similarly, prenatal thyroid disease 

(e.g., hypothyroidism) and even subclinical maternal thyroid dysfunction has been linked to 

adverse neurocognitive outcomes (e.g. lowered intelligence).40,41

In this paper, we systematically reviewed studies investigating the relationship between 

maternal or neonatal thyroid hormones and ADHD and related symptoms in children.

METHODS

We searched Embase, Pubmed, Cinahl, PsycInfo, ERIC, Medline, Scopus, and Web of 

Science for English articles published or available ahead of print as of April 2018. We 

combined search terms for maternal or child thyroid hormone function (e.g. thyrotropin, 

maternal hypothyroxinemia, thyroid function, congenital hypothyroidism) with search terms 

for ADHD symptoms (e.g. inattention, hyperactivity, impulsivity; eAppendix 1). In addition 

to “free” search terms, we used corresponding “subject headings” for Medline and Embase. 

We searched reference lists of relevant review articles.

Search procedure

After removing duplicates, we screened titles and abstracts for eligibility and evaluated the 

full text of remaining articles. Two authors independently followed the search procedure and 

Drover et al. Page 3

Epidemiology. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



abstracted study details; discrepancies in exclusion decisions or abstracted details were 

discussed with a third author until we reached consensus.

Inclusion criteria

Eligible articles:

1. Included human participants.

2. Assessed thyroid hormone concentrations or clinical thyroid diagnoses during 

pregnancy or in infants up to 6 months of age.

3. Assessed ADHD or its symptoms, defined as a diagnosis of ADHD, prescription 

for ADHD medications, or measures that evaluated ADHD symptoms (e.g., 

inattention, hyperactivity, or impulsivity), before 19 years of age.

4. Related thyroid hormone measures to ADHD symptoms.

5. Had an observational design, were not evaluations of ADHD treatments or 

clinical case studies.

6. Were full-length articles reporting original research.

RESULTS

The original search yielded 925 records (730 after duplicates were removed). Of the 730 

articles, we excluded 669 after title and abstract review. Full text review resulted in the 

exclusion of 38 articles, yielding 23 eligible studies (Figure). The updated search yielded an 

additional five articles (Figure), for a total of 28 papers.

Clinical Maternal Thyroid Hormone Disorders

Maternal Hypothyroxinemia.—Four of the six studies of maternal hypothyroxinemia 

and ADHD used large population-based prospective birth cohorts (Table 1):9,42–44 Modesto 

et al. (2015) and Ghassabian et al. (2014) used the Dutch Generation R cohort (Ntotal=3783, 

Ntotal=3903, respectively);9,42 Päkkilä et al. (2014) used the Northern Finland Birth Cohort 

(Ntotal=5131);43 Oostenbroek et al. (2017) used the Amsterdam Born Children and their 

Development (Ntotal=2000).44 Andersen et al. (2018) nested a case–cohort study within the 

Danish National Birth Cohort (Ncases=1143, Ncontrols=7624 controls).45 Finally, Vermiglio et 

al. (2004) studied a small cohort in Italy (Ntotal=27).46

All six papers defined maternal hypothyroxinemia as TSH levels within given reference 

ranges and/or low fT4 measured from maternal blood sampled before 20 weeks’ gestation 

(eAppendix 2). All six studies used immunoassay to measure fT4.

The five larger studies adjusted for covariates including child sex, maternal age, and 

maternal smoking, among others (Table 1). Vermiglio et al. (2004) screened for intellectual 

disability but did not adjust for any covariates.

ADHD related behaviors in the four population-based prospective birth cohorts were 

assessed using screening instruments filled out by parents or teachers when children were 5–
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10 years old (Tables 1, 2).9,42–44 Andersen et al. (2018) measured their outcome as at least 

two ADHD medication prescription fills (based on national registers) in children with a 

median age of 8.4 years.45 Vermiglio et al. (2004) clinically evaluated ADHD using DSM-

IV guidelines when children were 8–10 years old.46

Modesto et al. (2015), Ghassabian et al. (2014), and Andersen et al. (2018) reported positive, 

though mostly imprecise, associations between maternal hypothyroxinemia and ADHD 

outcomes (Table 2).9,42,45 Andersen et al. (2018) found that this association was stronger in 

girls than boys.45 Modesto et al. (2015) found no interaction between child sex and maternal 

hypothyroxinemia.9 Oostenbroek et al. (2017) reported positive associations between 

maternal hypothyroxinemia and teacher-rated inattention/hyperactivity, but reported inverse 

associations between maternal hypothyroxinemia and parent-rated inattention/hyperactivity 

(Table 2).44 Päkkilä et al. (2014) reported mixed effects (Table 2).43

Vermiglio et al. (2004) found that, in the region studied in which iodine was moderately 

sufficient, there were no cases of ADHD. In the moderately iodine-deficient region, the 

authors reported a higher prevalence of ADHD among offspring of mothers with low fT4 

(hypothyroxinemia) compared to offspring of mothers with normal fT4 (euthyroid).46

Given the similarity in exposure and outcome assessment, we conducted a meta-analysis of 

these estimates. Due to insufficient information, we only meta-analyzed four of six studies, 

yielding an aggregate odds ratio estimate of 1.54 with 95% confidence intervals (1.02, 2.33). 

See eAppendix 3 for details.

Maternal hypothyroidism.—Four studies reported estimates of association between 

maternal hypothyroidism and ADHD outcomes (Table 1). Instanes et al. (2016) conducted a 

nested population-based case–control study of ADHD in Norway using registry data 

(Ncases=47 944, Ncontrols=2 274 713).10 Samadi et al. (2015) conducted a cohort study in 

Canada investigating brain development of children born to mothers with and without 

hypothyroidism (Ntotal=44).47 Haddow et al. (1999) studied a cohort of mothers in the U.S. 

selected based on their hypothyroid status (Ntotal=186).11 The study by Andersen et al. 

(2018) was described above.45

Two studies (Instanes et al. 2016, Samadi et al. 2015) used registered clinical diagnoses of 

maternal hypothyroidism (e.g. from nationwide and representative patient registries),10,47 

whereas Haddow et al. (1999) used second trimester serum TSH and T4 measures to classify 

hypothyroidism and mild hypothyroidism.11

Instanes et al. (2016) linked the Medical Birth Registry of Norway and the Norwegian 

Prescription Database to identify children 3 years and older who were prescribed and 

dispensed ADHD medication.10 Samadi et al. (2015) measured ADHD related symptoms in 

children aged 9–14 years using two parent-completed screening instruments.47 Haddow et 

al. (1999) evaluated attention, vigilance, language, and other cognitive abilities at age 7–9 

years using a neuropsychological battery.11

Instanes et al. (2016), Samadi et al. (2015), and Haddow et al. (1999) reported positive, 

though somewhat imprecise, associations between maternal hypothyroidism and ADHD 
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medication prescription,10 impaired working memory,47 distractibility, and impaired 

sustained attention11 (Table 2). However, neither Samadi et al. (2015) nor Haddow et al. 

(1999) adjusted for covariates. Andersen et al. (2018) found a near-null association between 

maternal overt and overall hypothyroidism and ADHD medication prescription (Table 2).45

Maternal subclinical hypothyroidism.—Both Andersen et al. (2018) and Modesto et 

al. (2015) reported a near-null association between maternal subclinical hypothyroidism and 

ADHD prescription and symptoms around 8 years (Table 2; both studies described earlier).
9,45

Maternal hyperthyroidism.—Three studies reported estimates of association between 

maternal hyperthyroidism and ADHD, two of which were described earlier (Andersen et al. 

2018; Instanes et al., 2016). The third study, Andersen et al. (2014), used a population-based 

prospective cohort in Denmark and included mothers who were diagnosed with 

hyperthyroidism before or after the birth of their child (Ntotal=857014).48 Andersen et al. 

(2014) identified ADHD in children up to 18 years old based on diagnoses and dispensed 

ADHD medication prescriptions in national registers.

Andersen et al. (2018) and Instanes et al. (2016) both reported small positive and relatively 

imprecise estimates of association between maternal hyperthyroidism and ADHD, though 

Andersen et al.’s (2018) effect appears to be driven by subclinical—rather than overt—

hyperthyroidism (Table 2).10,45 Andersen et al. (2014) did not report statistical results for 

maternal thyroid disorders diagnosed during pregnancy; however, their figure 3 indicates no 

association between maternal hyperthyroidism diagnosed before birth and ADHD.48 

Andersen et al. (2014) additionally reported positive associations between maternal hypo- 

and hyperthyroidism diagnosed after birth and ADHD; however, because temporality cannot 

be clearly established for these associations, we excluded them from our review. The studies 

adjusted for maternal age, smoking, parity, and marital status, among other variables (Table 

1).

Maternal thyroid dysfunction.—Päkkilä et al. (2015) reported that “maternal thyroid 

dysfunction” was not associated with parent-rated ADHD symptoms at 16 years 

(Ntotal=4,357 - 4,370; Table 2).49 It is unclear how thyroid dysfunction was classified. 

Komendová et al. (2018) found a near-null association between maternal thyroid disorder in 

the first trimester (high TSH and/or high TPOAb) and distractibility in 6–9 year olds 

(Ntotal=192).50 Komendová et al. (2018) additionally included a qualitative assessment of 

attention problems; however, because the methods are unclear, we have excluded these 

results from our review.

Maternal Thyroid Hormone Concentrations

Free Thyroxin (fT4).—Three studies investigated maternal fT4 and ADHD symptoms, 

two of which were described earlier (Andersen et al. 2018; Oostenbroek et al. 2017).44,45 

The third study (Chevrier et al. 2011) used a birth cohort of mostly Latino children born in 

California (Ntotal=287). Chevrier et al. (2011) measured fT4 using direct equilibrium 

dialysis followed by radioimmunoassay from maternal serum sampled in the second half of 
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gestation.51 When children were 5 years old, Chevrier et al. (2011) assessed attention and 

ADHD symptoms using a behavioral test and a parent-completed checklist.51

Oostenbroek et al. (2017) reported an inverse and relatively precise estimate of association 

between maternal fT4 levels and teacher-rated inattention/hyperactivity in 5-year-old 

children but a positive (though near-null) association between maternal fT4 levels and 

parent-rated inattention/hyperactivity (Table 3). Similarly, Chevrier et al. (2011) reported 

mixed results: higher fT4 was imprecisely associated with worse attention on a behavioral 

measure, but better attention on a parent-completed checklist measure, though both 

estimates were imprecise (Table 3). Andersen et al. (2018) reported a null effect (Table 3).

Thyroid Peroxidase Antibodies (TPOAb).—Using the Generation R cohort (described 

previously), Ghassabian et al. (2012) found that elevated maternal TPOAb measured in early 

gestation was associated with parent-reported ADHD symptoms in 3-year-old children 

(Table 3).12

Thyroid Stimulating Hormone (TSH).—All five studies that reported an association 

between maternal TSH and ADHD used large prospective birth cohorts (Table 1), three of 

which were previously described (Chevrier et al. 2011, Oostenbroek et al. 2017, Päkkilä et 

al. 2014). Endendijk et al. (2017) recruited women in the Netherlands during their first 

antenatal appointment (Ntotal=442).52 Endendijk et al. (2017) measured TSH using 

immunoassay on serum samples collected at 12, 24, and 36 weeks’ gestation, and parents 

completed the Child Behavior Checklist when children were 23–60 months old. Ghassabian 

et al. (2011) assessed ADHD symptoms in children aged 1.5 and 3 years in the Generation R 

cohort using the parent-completed attention-deficit/hyperactivity subscale of the Child 

Behavior Checklist (Ntotal=3736).13 Ghassabian et al. (2011), Oostenbroek et al. (2017), and 

Päkkilä et al. (2014) measured TSH before 20 weeks’ gestation,13,43,44 whereas Chevrier et 

al. (2011) measured TSH in the second half of gestation.51

Ghassabian et al. (2011) found that higher maternal TSH was associated with ADHD 

symptoms at 1.5 and 3 years (pooling across ages; Table 3).13 Oostenbroek et al. (2017) 

reported near-null and precise estimates of association between maternal TSH and 

inattention/hyperactivity in 5-year-old children (Table 3).44 Päkkilä et al. (2014) found that 

increased maternal TSH was more strongly associated with inattention and hyperactivity in 

girls at 8 years than in boys (Table 3).43 By contrast, Endendijk found that first-trimester 

higher maternal TSH was associated with attention problems in boys but not girls (Table 3).
52 Endendijk et al. (2017) also found that a thyroid hormone trajectory analysis including 

TSH and fT4 did not predict child attention problems better than the single-trimester 

analysis.52 Chevrier et al. (2017) found that higher TSH was associated with better attention 

and fewer ADHD symptoms at 5 years, though estimates were somewhat imprecise (Table 

3).51 Four of the studies controlled for maternal smoking,13,43,44,52 and all four controlled 

for other covariates (Table 1).

Total Thyroxine (TT4).—Chevrier et al. (2011), described earlier, reported mixed 

estimates of association between maternal TT4 in the second half of gestation and ADHD 

symptoms at age 5 (Table 3).51
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Early-Treated Congenital Hypothyroidism

All seven studies that reported on ADHD symptoms among children with early-treated 

congenital hypothyroidism included between 82 and 146 children (Table 4). Three studies 

were from Rovet et al., who used newborn congenital hypothyroidism screening programs in 

Canada.53–55 Three were from Kooistra et al, who used a Dutch longitudinal cohort study of 

the development of those with early-treated congenital hypothyroidism.56–58 Finally, one 

was from Tinelli et al. (2003), who studied a cohort in Italy.14

All seven studies of ADHD symptoms among children with early-treated congenital 

hypothyroidism had similar designs (Table 4): a convenience cohort of participants with 

early-treated congenital hypothyroidism was compared to a cohort of participants without 

congenital hypothyroidism, often matched on demographic variables such as gender and 

age. Outcomes were measured between 7 and 15 years using mostly continuous performance 

tasks or screening measures. Newborn screening for congenital hypothyroidism is similar in 

Canada, the Netherlands, and Italy: all used dried blood spots collected within the first week 

of life.59–62

Rovet et al. (2001a) and Rovet et al. (1999) reported positive associations between early-

treated congenital hypothyroidism and ADHD symptoms (Table 5).53,55 Tinelli et al. (2003) 

reported positive associations between early-treated congenital hypothyroidism and 

inattention at age 13 but not at 10 years.14 Kooistra et al. (1996) found a positive association 

between the disorder and impaired attention on a self-paced sustained attention task but not 

on a computer-paced task.58 Finally, Kooistra et al. (2001, 2004) and Rovet et al. (2001b) 

reported null or near-null estimates of association (Table 5).54,56,57 Among those with early-

treated congenital hypothyroidism, higher TSH and lower T4 at diagnosis was associated 

with impulsivity, inattention, and impaired memory (Table 5).54,55 The precision of these 

estimates is difficult to compare because most studies reported F and t statistics with p 
values (and no confidence intervals or indications of variability).

Newborn Thyroid Hormone Concentrations

Three of the five studies of neonatal thyroid hormones and ADHD symptoms were cohort 

studies (Table 6): Trumpff et al. (2016) studied a Belgian cohort (Ntotal=310),63 and there 

were two studies of Canadian cohorts with less than 100 participants each (Ishaik et al. 

2000; Simic et al. 2009).15,64 Two of the five studies had matched case–control designs:65,66 

ADHD cases (identified through neurodevelopmental diagnostic clinics in Washington, D.C) 

were matched on the day of newborn screening and birth hospital. The first matched case–

control study (Ncases=52, Ncontrols=71 to 130 depending on analysis)66 served as a pilot 

study for the second (Ncases=53, Ncontrols=231)65, and it is not clear whether participants in 

the pilot were included in the full-scale study.

Three of the five studies measured thyroid hormone concentrations using immunoassay on 

dried bloodspots collected after birth for congenital hypothyroidism screening programs.
63,65,66 The other two studies used blood samples at 2 and 4 weeks of life, and at 40 weeks 

post-conceptual age.15,64
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The most common covariates were child age and sex.63,65,66 Trumpff et al. (2016) only 

included children whose bloodspots were sampled 3–5 days after birth,63 and Soldin et al. 

(2002, 2003) collected bloodspots 2–3 days after birth.65,66

Both studies that reported on neonatal fT4 found that low fT4 was associated with impaired 

attention at 3 months,15,64 though effect sizes were modest (Table 7).15 One study found that 

higher total T3 (TT3) was associated with impaired selective attention in infancy (Table 7).15 

One study of neonatal TSH did not find an association of TSH levels and ADHD-related 

outcomes at 4–5 years (Table 7).63 There was not sufficient information to compare the 

precision of the estimates.

DISCUSSION

There is growing interest in the role of maternal thyroid dysfunction in neurocognitive 

development,67–69 with accumulating evidence suggesting plausible associations. We sought 

to focus specifically on the role of maternal and neonatal thyroid function and incidence of 

ADHD and related behaviors, examining the literature from an epidemiologic perspective. 

Our search identified 28 articles: 16 studies of maternal thyroid hormones or thyroid 

dysfunction, seven studies of early-treated congenital hypothyroidism, and five studies of 

neonatal thyroid hormones. In this section, we summarize key findings, compare studies, 

and raise questions for future research.

Outcome Measures

Outcome assessment varied considerably across studies. Approximately half of the studies 

did not explicitly aim to assess ADHD, and instead measured attention, hyperactivity, and 

impulsivity. Because ADHD is a heterogeneous disorder,70 a single instrument may 

misclassify ADHD status, particularly when symptoms are mild.71,72 Most reviewed studies 

used a single outcome measurement, most commonly the Child Behavior Checklist (CBCL) 

or versions of Conners’ Continuous Performance Test (CPT). While the CBCL has good 

validity in predicting ADHD diagnosis73–75, the CPT has poor discriminant validity.71,76 

Four of the reviewed studies used a clinical ADHD diagnosis as the outcome (ICD-1048 and 

DSM-IV46,65,66). Clinical classifications of ADHD are to some extent arbitrary, yet 

dimensional instruments designed to tap pathologies contributing to ADHD (as suggested by 

the Research Domain Criteria77) are also limited by our minimal understanding of ADHD’s 

causes. We reviewed both clinical and continuous measures of ADHD symptoms because 

converging evidence from both types of measures—which are affected by distinct limitations

—would be more convincing than evidence from one outcome measure alone.

Maternal Thyroid Hormones and Offspring ADHD: Confounders

Maternal smoking is strongly associated with ADHD78,79 and with maternal thyroid 

function.31 Although this relationship is likely non-causal,80 maternal smoking is 

nonetheless on a key confounding path between maternal thyroid function and ADHD. Half 

of the reviewed studies of maternal thyroid hormones and ADHD adjusted for maternal 

smoking. Other maternal factors associated with both thyroid hormone dysfunction and 

offspring ADHD or related symptoms include: low iodine intake, older age, depression, 
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anxiety, alcohol use, and maternal education (each of which were adjustment factors in at 

least one reviewed paper).27,32,33,81–85 The extent to which these variables contribute to 

confounding is unclear because their underlying biologic mechanisms are not well 

characterized. Furthermore, it is possible that genetic risk factors for ADHD, which may in 

turn affect maternal behaviors during pregnancy, confounds the association between 

maternal thyroid hormones and offspring ADHD. To our knowledge, there have been no 

sibling studies of the association between maternal thyroid hormones and offspring ADHD; 

such a study design would help disentangle the role of genetic risk factors.

Maternal Thyroid Hormone Disorders

Evidence for an association between maternal hypothyroxinemia and ADHD symptoms was 

mixed (effect estimates had variable magnitude and direction, and some were imprecise),
9,42–44,46 and limitations of the literature prohibit clear conclusions. First, adjustment sets 

varied, with one study including no statistical adjustment for confounding. Second, one 

study had eight exposed women.46 Finally, all six studies used immunoassay for fT4 

measurement, which may have resulted in misclassification of maternal hypothyroxinemia.

Measurement of fT4 during pregnancy is complicated by pregnancy-related increases in 

thyroxine binding globulin concentrations, increased total thyroid hormone levels, lower 

levels of albumin in blood, and circulating human chorionic gonadotropin (hCG).86–88 The 

gold-standard method of measuring free thyroid hormones (which uses equilibrium dialysis 

as the first step, and which was used in one of the reviewed studies51) can most accurately 

quantify fT4 levels during pregnancy,80 but is costly.87,89 All reviewed studies of maternal 

hypothyroxinemia, and all but one51 study of maternal fT4, used immunoassays to assess 

fT4 rather than the gold-standard equilibrium dialysis approach.

There was some evidence for an association between maternal hypothyroidism and ADHD. 

Three of five reviewed studies of maternal hypothyroidism reported positive associations 

between maternal hypothyroidism and offspring ADHD symptoms (inattention, 

distractibility,11 and impaired working memory10,47) and ADHD prescriptions.10 However, 

these studies did not explicitly differentiate overt from subclinical hypothyroidism and only 

one adjusted for potential confounders. The two studies that did distinguish clinical from 

subclinical hypothyroidism reported near-null associations.9,45

There was mixed evidence for an association between maternal hyperthyroidism and ADHD 

outcomes. Two of three studies did not separate overt from subclinical hyperthyroidism. One 

of these two studies reported a positive association between maternal hyperthyroidism 

diagnosed before birth and ADHD prescriptions,10 whereas the other found no association.48 

The third study found that maternal subclinical hyperthyroidism was more strongly 

associated with ADHD prescription than overt hyperthyroidism.45

Maternal Thyroid Hormone Biomarkers

There is minimal evidence for (or against) an association between maternal fT4 and ADHD: 

two of three studies reported mixed effects, and the third reported a null association. Two of 

these studies used immunoassay to measure fT4, which may introduce measurement error 

during pregnancy.
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There was mixed evidence for an association between maternal TSH and ADHD. One study 

found that higher maternal TSH was more strongly associated with attention problems in 

girls than in boys,43 whereas another study found a stronger association in boys than in girls.
52 Of the three other studies, one reported a near-null effect,44 another found that higher 

maternal TSH was associated with more ADHD symptoms,13 and the third found that higher 

maternal TSH was associated with better attention.51

The one study that reported estimates for maternal TPOAb found that higher levels were 

associated with ADHD symptoms.12 It is unclear whether the observed association was a 

result of the disruptive effects of TPOAb on maternal thyroid hormone synthesis, or through 

some other (possibly more direct) mechanism.

Early-Treated Congenital Hypothyroidism and Later ADHD Outcomes

Four of the seven studies examining early-treated congenital hypothyroidism and ADHD 

symptoms (inattention14,53,55,58, impaired memory55) reported positive associations. The 

more severe the congenital hypothyroidism (indicated by elevated TSH and suppressed fT4 

concentrations at diagnosis), the worse the impairment observed.54,55 Important research 

avenues remain. First, all seven studies included children aged 7 to 15 years; it is unclear 

whether the observed association would hold during the preschool years. Second, none of 

the studies used clinical ADHD assessments; however, dimensional and diagnostic measures 

of ADHD provide different insights into the disorder, so both are valuable. Finally, the 

reviewed studies each included fewer than 150 participants, and participants appeared to be a 

convenience sample of clinical cases, undercutting generalizability.

Neonatal Thyroid Hormones and ADHD Outcomes

There is insufficient evidence to draw conclusions about the association between neonatal 

thyroid hormones and ADHD. First, no more than two studies reported on a given 

biomarker. Second, two studies assessed outcomes during infancy,15,64 which, given current 

evidence, is too early to provide information about later ADHD (though neither study 

intended to assess ADHD per se). Third, effect sizes for most associations were small. 

Fourth, three of the five studies had fewer than 100 participants. Finally, the three studies 

that used dried bloodspots from newborn screening programs did not sufficiently control for 

sample time after birth. Newborn TSH levels rise within 30 minutes of birth, leading to 

increased T3 and T4 levels, which fall to adult levels 3–5 days after birth.90 Although one of 

the reviewed studies restricted the sample time frame to 3–5 days after birth,63 no reviewed 

study further adjusted for sample time.

Timing of Maternal Thyroid Hormone Deficiency

Because establishing temporality is crucial for drawing causal conclusions, we only 

reviewed associations for which thyroid hormone assessment clearly preceded outcome 

assessment. A recent review of human and animal literature found that maternal thyroid 

hormone dysfunction earlier in pregnancy has larger estimated effects on neurodevelopment 

(including intelligence, verbal development, and general cognition, among other outcomes),
19,39 consistent with the fetus’s reliance on the mother during the first half of gestation. With 

respect to the estimates included in our review, 10 of 16 studies of maternal thyroid 
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hormones and ADHD exclusively assessed maternal thyroid hormones during the first 20 

weeks of gestation;9,12,13,42–46,49,50 three reported unclear timing (e.g., ‘before or during 

pregnancy’),10,47,48 two assessed thyroid hormones later in pregnancy,11,51 and one study 

(Endendijk et al., 2017) assessed the association between thyroid hormones in each trimester 

and ADHD outcomes.52 Endendijk et al. (2017) did find a stronger association between first 

trimester thyroid hormones and ADHD symptoms,52 consistent with past research and 

biological hypotheses. The effect of timing of maternal thyroid hormone dysfunction on 

ADHD remains a question for future studies.

Developmental Timing of ADHD Outcomes

Because most reviewed studies assessed ADHD at a single time point, our review provides 

minimal information about how thyroid–ADHD associations change with age. Relevant to 

this point is that a meta-analysis of longitudinal studies of ADHD among those 4 years and 

older found that the prevalence of ADHD decreased with age.91

Two of the reviewed studies assessed preschool ADHD (which found that maternal TPOAb 

and TSH were associated with ADHD symptoms12,13). Consistent with clinical 

recommendations to diagnose ADHD between 4 and 18 years,72,92 most of the reviewed 

studies assessed ADHD symptoms in children older than 4. Although current diagnoses of 

preschool ADHD have only moderate stability93,94 and evidence for the validity of 

preschool-aged ADHD diagnosis is minimal, more research of preschool ADHD is 

warranted to investigate the extent to which preschool ADHD and later ADHD have 

overlapping etiologies.

Two reviewed studies assessed attention in infancy.15,64 Although none of these authors 

claimed to study ADHD, their results nonetheless raise the question of whether infant 

attention is predictive of, or relevant to, childhood ADHD. Atkinson et al. (2012) describes 

three types of attention, each with different neural underpinnings;95 infant attention likely 

taps into the selective attention neurocognitive system, whereas childhood ADHD symptoms 

likely relate to the attentional control neurocognitive system. The extent to which early 

perceptual attentional deficits are indicative of, or related to, later cognitive attentional and 

executive function deficits is an area of active investigation.96–99

Dose–Response

Even mild disruptions in maternal thyroid function may influence fetal neurodevelopment.19 

Most reviewed studies modelled thyroid hormone levels dichotomously or linearly. Recent 

evidence, however, suggests a U-shaped relationship between thyroid hormone 

concentrations and adverse neurodevelopmental effects;102 modeling thyroid hormones 

linearly or dichotomously obscures this dose–response. Only two reviewed studies explicitly 

assessed functional form, and neither found support for non-linear associations between 

maternal thyroid hormone concentrations and ADHD symptoms.45,51 Nonetheless, future 

studies of the association of thyroid hormones and ADHD should assess non-linearity before 

applying dichotomous or linear models.
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The Importance of Iodine: A Potential Effect Measure Modifier

Iodine deficiency is the most preventable cause of neurocognitive deficits worldwide.103 

During pregnancy, iodine intake requirements increase by approximately 50%,102 causing 

pregnant women to be at a higher risk of iodine deficiency.102 Under iodine insufficiency, 

the thyroid gland synthesizes relatively more T3 and less T4, and the expression of 

deiodinases in the nervous system is altered.103 As a result, iodine may be an effect measure 

modifier of the association between early thyroid hormone levels and ADHD. The 

importance of considering iodine deficiency is underscored by the fact that only three of 

eight countries represented in the systematic review (Canada, the Netherlands, and the 

Czech Republic) are considered to have adequate levels of iodine (eAppendix 4).104–108

Despite the importance of iodine for thyroid hormone function and brain development, only 

one reviewed study considered iodine’s role in thyroid hormone function. Vermiglio et al. 

(2004) found that ADHD was more common in the moderately iodine deficient region 

compared to the more iodine sufficient region.46 However, this study measured neither 

maternal iodine levels nor intake. Two other studies did assess iodine, but did not evaluate 

the interaction of iodine and thyroid hormones.42,63 Future studies of thyroid hormones and 

ADHD outcomes should consider iodine as a potential effect measure modifier.

Conclusions and Recommendations

This systematic review provides moderate evidence for an association between maternal 

thyroid function and childhood ADHD symptoms, some evidence for an association between 

early-treated congenital hypothyroidism and later ADHD symptoms, and minimal evidence 

for an association between neonatal thyroid hormones and later ADHD symptoms. Most 

reported effect estimates were small and imprecise in magnitude. The current literature 

suffers from methodologic limitations that prevent strong conclusions. Future studies should 

consider measurement issues for thyroid function and ADHD, as well as strive for 

population-based designs to improve generalizability. In addition, careful consideration of 

potential confounders and effect measure modifiers and investigating non-linear dose 

responses would strengthen conclusions.
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Figure. 
Summary of study selection for systematic review.
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Table 3.

Estimated associations between maternal thyroid hormone biomarkers and offspring ADHD or related 

behaviors.

Estimated associations between maternal thyroid hormone biomarkers and ADHD or related behaviors

Exposure Outcome (Time) Estimate

Higher fT4

 Oostenbroek 201744 Teacher SDQ hyperactivity/inattention (5 yrs) OR = 0.95 (0.85, 1.05)

Parent SDQ hyperactivity/inattention (5 yrs) OR = 1.01 (0.90, 1.13)

 Chevrier 201151 ↓ CBCL attention problems (5 yrs) β = −0.10 (−2.03, 1.82)

↑ KCPT attention problems (5 yrs) β = 7.52 (−4.86, 19.91)

 Andersen 201845 ADHD prescription (8.4 yrs median) HR = 1.00 (0.63, 1.59)

TPOAb positive

 Ghassabian 201212 CBCL attention deficit/hyperactivity (3 yrs) OR = 1.77 (1.15, 2.72)

Higher TSH

 Endendijk, 201752 CBCL attention problems (23-60 mos) rboys(df=224) = 0.21, p<.01

rgirls NR, not significant

 Oostenbroek 201744 Teacher SDQ hyperactivity/inattention (5 yrs) OR = 1.02 (0.96, 1.09)

Parent SDQ hyperactivity/inattention (5 yrs) OR = 1.01 (0.92, 1.11)

 Päkkilä 201443 RB2 inattention & hyperactivity (5 years) ORboys = 1.17 (1.00, 1.36)

ORgirls = 1.39 (1.07, 1.80)

 Chevrier 201151 ↑ CBCL attention (5 yrs) β = −0.65 (−1.26, −0.04)

↑ KCPT attention (5 yrs) β = −0.75 (−4.61, 3.12)

 Ghassabian 201113 CBCL attention deficit/hyperactivity (1.5-3 yrs) βSD of TSH = 0.08 (0.01, 0.15)

Higher TT4

 Chevrier 201151 CBCL attention problems (5 yrs) β = 0.00 (−0.28, 0.27)

↑ KCPT attention problems (5 yrs) β = 0.09 (−1.70, 1.87)

Abbreviations: ADHD = Attention Deficit Hyperactivity Disorder, CBCL = Child Behavior Checklist, mos = months, HR = Hazard ratio, KCPT = 
Conners Kiddie Continuous Performance Test, OR = Odds ratio, RB2 = Rutter B2 Scale – Finnish Version, SDQ = Strengths and Difficulties 
Questionnaire, TPOAb = Thyroid peroxidase antibodies, TSH = Thyroid stimulating hormone, TT4 = Total thyroxin, yrs = years
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Table 5.

Estimated association between early-treated congenital hypothyroidism and ADHD or related behaviors.

Estimated associations between early-treated congenital hypothyroidism and ADHD or related behaviors

Exposure Outcome (Time) Estimate

Congenital hypothyroidism

 Kooistra 200456 MST Impulsivity (7.0-8.8 yrs) F = 0.66, p = 0.42

 Tinelli 200314 CBCL impaired attention (10 yrs) t = 0.007, p > .05

CBCL impaired attention (13 yrs) t = 2.665, p < .01

 Kooistra 200157 GBCS Impaired task orientation (7.5, 9.5 yrs) NS

 Rovet 2001a53 Impaired attention across tasks (12.6-15.2 yrs) F = 4.22, p < .001

CBCL attention problems (12.6–15.2 yrs) p < .001

 Rovet 2001b54 CPT impaired sustained attention (7-12 yrs) NS

 Rovet 199955 PI impaired attention (vigilance), memory (13 yrs) Significant, stats NR

 Kooistra 199658 ↓ sCPT self-paced sustained attention (7-8.75 yrs) F = 5.70, p = .02

↓ cCPT computer-paced sustained attention (7-8.75 yrs) F = .02, p = .9

Higher TSH at diagnosis

 Rovet 2001b54 CPT impulsivity (7-12 yrs) r = 0.295

CPT inattention (7-12 yrs) r = 0.519, p < .01

Lower T4 at diagnosis

 Rovet 2001b54 CPT impulsivity (7-12 yrs) r = .577, p<.001

 Rovet 199955 PI impaired memory and attention (13 yrs) Significant, stats NR

Abbreviations: ADHD = Attention Deficit Hyperactivity Disorder, CBCL = Child Behavior Checklist, CPT = Conners Continuous Performance 
Task, cCPT = Computer-Paced Continuous Performance Task, GBCS = Groningen Behavior Checklist School/Family Situation, mos = months, 
MST = Memory Search Task, NR = Not reported, NS = Not significant, PI = A battery of behavioral Psychometric Instruments, sCPT = Self-Paced 
Continuous Performance Task, TSH = Thyroid stimulating hormone, T4 = Thyroxin, yrs = years.
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Table 7.

Estimated association between neonatal thyroid hormone biomarkers and ADHD or related behaviors.

Estimated associations between neonatal thyroid hormone biomarkers and ADHD or related behaviors

Exposure Outcome (Time) Estimate

Lower fT4

 Simic 200915 BSID impaired selective attention (3 mos) β = 0.022, SE = 0.024, NS

BSID impaired sustained attention (3 mos) β = 0.020, SE = 0.10, p =.053

BSID impaired total attention (3 mos) β = 0.098, SE = 0.034, p = .005

 Ishaik 200064 BSID impaired total attention (3 mos) p < .01

BSID impaired sustained attention (3 mos) p < .05

Higher TT3

 Simic 200915 BSID impaired selective attention (3 mos) β = 0.320, SE = 0.185, p = .09
a

Lower T4

 Soldin 200365 DSM-IV ADHD diagnosis (5.5-12 yrs) OR = 0.99, p = 0.81

 Soldin 200266 DSM-IV ADHD diagnosis (5.5-12 yrs) OR = 1.08 (0.95, 1.24)

TSH

 Trumpff 201663 CBCL ADHD symptoms (4-5 yrs) NS

Abbreviations: ADHD = Attention Deficit Hyperactivity Disorder, BSID = Bayley Scales of Infant Development-II, CBCL = Child Behavior 
Checklist, DSM = Diagnostic and Statistical Manual of Mental Diorders, fT4 = Free thyroxine, mos = months, NS = Not significant, OR = Odds 
ratio, β refers to a standardized regression coefficient, TSH = Thyroid stimulating hormone, TT3 = Total triiodothyronine, T4 = Thyroxine, yrs = 
years.

a
The direction of this effect was flipped for the purposes of interpretation and comparison.
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