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Abstract

Objective—Autoimmune disruption may contribute to risk for autism; however, since previous 

studies relied upon clinical diagnoses, exposure misclassification and recall bias are limitations. 

Thyroid peroxidase antibody (TPO-Ab) is an autoantibody involved in autoimmune thyroiditis. 

We aimed to test the a priori hypothesis that positivity to maternal serum TPO-Ab (TPO-Ab+) 

(defined as > 156 IU/ml) during pregnancy is related to childhood autism.

Method—The study was based on a nested case-control design of the Finnish Prenatal Study of 

Autism (FiPS-A), a national birth cohort that includes prospectively drawn archived maternal 

serum specimens from virtually the entire pregnant population of Finland. Cases of childhood 

autism (ICD-10 F84.0) born from 1987–2005 were ascertained by performing linkages between 

national birth and inpatient/outpatient registries. All diagnosed cases of childhood autism in 

Finland over the birth years, and comparison subjects without ASD or severe/profound intellectual 

disability were matched 1:1 on date of birth, sex, birthplace, and residence in Finland. Maternal 
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serum specimens were assayed in 967 matched case-control pairs for TPO-Ab by a 

chemiluminescent microparticle immunoassay blind to case/control status. Data were analyzed by 

conditional logistic regression for matched sets.

Results—The prevalence of maternal TPO-Ab+ was significantly increased in pregnancies 

giving rise to autism cases (6.15%) compared to controls (3.54%). The odds of autism were 

increased by nearly 80% among offspring of mothers who were TPO-Ab+ during pregnancy 

(OR=1.78, 95% CI=1.16–2.75, p=0.009), compared to mothers negative for this autoantibody. 

There was also a significant relationship between maternal TPO-Ab defined as a continuous 

variable and odds of autism (OR=1.09, 95% CI=1.01, 1.17, p=0.02). Measures of maternal thyroid 

hormones did not differ between groups.

Conclusions—These findings provide the first biomarker-based evidence that a class of known 

maternal autoimmune disorders is related to autism in offspring.
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Introduction

Autism is a complex neurodevelopmental disorder characterized by impaired language, 

disrupted reciprocal social interactions, and stereotyped behaviors and interests(1). Genetic 

factors are known to play a major role in autism though its etiology is still largely 

unknown(2). Recent evidence has also implicated an emerging role for environmental 

factors (3–11).

Thyroid peroxidase (TPO), a thyrocyte apical plasma membrane glycoprotein, is an 

antigenic epitope that, in susceptible individuals, may induce formation of thyroid 

peroxidase antibody (TPO-Ab), an autoantibody involved in autoimmune thyroiditis 

including Hashimoto’s thyroiditis(12, 13). Maternal TPO-Ab positivity (TPO-Ab+) has been 

associated with sensorineural hearing loss in children(14). In addition, five year old 

offspring of mothers with TPO-Ab+ during late gestation had diminished verbal, perceptual, 

cognitive, and motor performance(15).

Moreover, some autoimmune disorders may be more frequent in mothers and other relatives 

of autism probands. Early studies, based on questionnaires of family members, reported that 

the prevalence of any autoimmune disorder, and one or more of a number of specific 

autoimmune disorders was significantly higher in families of autism probands than 

comparison subjects(16, 17). With regard to autoimmune thyroid disorders, the frequency of 

“hypothyroidism/Hashimoto’s thyroiditis” was greater in family members of probands with 

pervasive developmental disorder (PDD) and probands with autoimmune disorders than 

healthy comparison subjects(17). In another study, autoimmune thyroiditis in only the 

maternal lineage was significantly related to regressive autism(18). Other specific 

autoimmune diagnoses associated with ASD included parental rheumatoid arthritis(16) and 

rheumatic fever (first degree relatives)(17). These studies were limited, however, by use of 

diagnoses from family member self-reports and lack of validation of responses predisposing 
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to diagnostic misclassification, by recall bias, and by low response rates to questionnaires, 

increasing the likelihood of selection bias.

More recent studies utilizing health plan databases and registries have demonstrated 

associations between ASD and maternal psoriasis, type I diabetes(19–21), ulcerative colitis, 

and celiac disease(22). Overall, maternal autoimmune disorders were more commonly 

associated with autism than paternal autoimmune disorders, suggesting effects during 

pregnancy on autism risk, though the type of autoimmune disorders related to autism varied 

between studies.

In a previous study, plasma from 11.5% of mothers of children with ASD, but no mothers of 

comparison subjects, demonstrated IgG-reactivity against fetal brain proteins at 37 kDa and 

73 kDa(23). This finding was extended in a larger sample(24). In a further study, a band 

reactive to brain protein in the Rhesus macaque was found at 39kDa(25). Prenatal exposure 

to these antibodies was related to whole body stereotypies and hyperactivity in nonhuman 

primates and rodents supporting a potential pathogenic role for these antibodies in 

autism(26). More recently, maternal anti-brain antibodies were shown to be related to a 

fourfold increased risk of ASD, and mothers with these antibodies exhibited an increased 

prevalence of anti-nuclear antibodies and certain autoimmune diseases(27).

In the present study, we directly quantified maternal TPO-Ab, a biomarker utilized in the 

diagnosis of autoimmune thyroiditis. TPO-Ab was ascertained in cases and comparison 

subjects from a national birth cohort. A definitive diagnosis of autoimmune thyroiditis relies 

on the demonstration of not only circulating antibodies to thyroid antigens but also reduced 

echogenicity on thyroid sonogram in a patient with clinical features(28). However, 

compared to other epidemiologic studies of autoimmune disorders and ASD, this reduces the 

possibility of inaccurate diagnoses of autoimmune disorders, bias due to preferential recall 

and treatment seeking behavior, and lack of inclusion of asymptomatic subjects. The large 

number of cases and comparison subjects enhanced statistical power to detect an association.

We tested the hypothesis that the odds of autism in offspring is related to maternal TPO-Ab+ 

exposure documented in archived maternal prenatal sera. The investigation was conducted 

in the Finnish Prenatal Study of Autism (FiPS-A), which capitalizes on a large number of 

pregnancies from a national birth cohort with prospectively collected, archived maternal 

serum specimens in the Finnish Maternity Cohort (FMC), an extensive, centralized biobank. 

Virtually all childhood autism cases in Finland identified from national computerized 

registries of hospital admissions and outpatient treatment, and validated by a structured 

research interview, were included.

There is previous evidence that maternal hypothyroidism is associated with adverse 

cognitive outcomes(29, 30). Although the main focus of this paper was to address maternal 

thyroid autoimmunity and autism, in order to assess whether associations between maternal 

TPO-Ab+ and autism were accounted for by thyroid dysfunction, we conducted secondary 

analyses of maternal clinical and subclinical hypothyroidism, maternal thyroid stimulating 

hormone (TSH), and free T4 (fT4) levels, and autism.
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Methods

The methods are described in detail in Lampi et al(31), and will be summarized here. The 

FiPS-A is based on a nested case-control design. The sampling frame was defined such that 

all members of this national birth cohort were within the age of risk of autism. Toward this 

end, the sampling frame consisted of all offspring born in Finland from 1987–2005, and 

subjects were followed up until 2007 (see “Case and comparison subject identification”).

Description of the birth cohort, biobank, and national registries

All offspring in the FiPS-A were derived from the Finnish Maternity Cohort (FMC), which 

consists of greater than 1 million pregnancies with archived prenatal serum specimens 

drawn beginning in 1983. Sera were obtained during the first and early second trimesters 

from over 98% of pregnant women in Finland. One maternal serum sample was acquired for 

each pregnancy. Following the screening, serum samples were stored as one aliquot at minus 

25°C in a single biorepository at THL in Oulu, Finland. All samples in the FMC can be 

linked with offspring using a unique personal identification number (PIN), which has been 

assigned to all residents of Finland since 1971.

Case and comparison subject identification

The Finnish Hospital and Outpatient Discharge Registry (FHDR) was utilized to identify all 

recorded diagnoses from psychiatric hospital admissions and outpatient visits of childhood 

autism (ICD-10 F84.0) among members of the FMC. We restricted the outcome to this 

diagnosis given that only childhood autism, not Asperger disorder or PDD NOS, were 

validated by interview (see next paragraph). Computerized data are available from January 

1, 1987 to the present. Only singleton births were included. Cases diagnosed over the 

sampling frame were identified from registry linkages between the FMC and the FHDR 

from January 1, 1987 to December 31, 2007. During this time period, there were 1.2 million 

births. The total number of childhood autism cases in the FiPS-A study sample was 1,132.

In order to validate the registry diagnoses, 80 cases of infantile autism from the FHDR were 

assessed with the Autism Diagnostic Interview-Revised (ADI-R). Among these cases, 77 

(96%) met the criteria for childhood autism by this instrument(32).

The cases were matched 1:1 to comparison subjects (singleton births only) drawn from the 

birth cohort who were without ASD (no F84 diagnosis) or severe/profound intellectual 

disability on date of birth, sex, birthplace, and residence in Finland. Serum samples were 

assayed for TPO-Ab (see “Laboratory assays”) in the 967 matched cases with adequate 

quantities of sera for this assay from among the 1,132 cases, and in 967 matched comparison 

subjects. We utilized 1:1 matching of cases to comparison subjects given limited resources 

for assaying sera on a larger number of comparison subjects. For a secondary analysis aimed 

at testing whether a putative association between TPO-Ab and autism was accounted for by 

thyroid hormone abnormalities, assays were also conducted for thyroid stimulating hormone 

(TSH) and free thyroxine (fT4) in these same 967 matched case-control pairs. Measurements 

were available on 960 pairs for TPO-Ab, 954 pairs for TSH, and 958 pairs for fT4; these 
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sample sizes differed slightly from those assayed for TPO-Ab due to sample volume 

constraints in a small proportion of subjects.

The study was approved by the ethical committees of the hospital district of Southwest 

Finland, THL, and the Institutional Review Board of the New York State Psychiatric 

Institute. Informed consent was obtained at the time of donation of all maternal serum 

specimens after the nature and possible consequences of the procedure and data derived 

from serum analyses were explained.

Laboratory assays

Quantitative analyses of TPO-Ab and thyroid hormones (TSH and fT4) were performed 

blind to case and comparison subject status using chemiluminescent microparticle 

immunoassays with an Architect i2000 automatic analyzer (Abbott Diagnostics, Abbott 

Park, IL). Intra- and interassay variation, respectively, were as follows: TPO-Ab (IU/ml) 

(2.5% and 9.8%), TSH (µ IU/ml) (1.7% and 5.3%), and fT4 (pmol/l) (3.6% and 7.8%). The 

lowest limits of detection for TPO-Ab, TSH, and fT4, respectively, are as follows: 1.0 

IU/ml, 0.0025 µIU/ml, and 5.1 pmol/L.

Statistical analysis

In the main analysis, we examined the relationship between maternal TPO-Ab+ and autism 

in offspring. A dichotomous measure of TPO-Ab was used in keeping with the standard 

approach of prior research studies and routine clinical practice(14, 15, 33). TPO-Ab+ was 

defined as >95th percentile in controls for the present study; TPO-Ab negativity was defined 

as ≤95th percentile in controls. This percentile cut-off was based on the assay manufacturer’s 

recommendation for the determination of TPO-Ab in a healthy population (Abbott 

Diagnostics, Wiesbaden, Germany). This cut-point for TPO-Ab+ corresponded to >156 

IU/ml. Appropriate to the nested case-control study design, point and interval estimates of 

odds ratios were obtained by fitting conditional logistic regression models for matched sets. 

Statistical significance was judged at P < 0.05.

In order to assess whether a putative relationship between TPO-Ab+ and autism was related 

to thyroid hormone disorders, we conducted secondary analyses of relationships between 

autism and: 1) maternal clinical hypothyroidism; 2) maternal subclinical hypothyroidism; 3) 

maternal clinical hyperthyroidism; 4) maternal subclinical hyperthyroidism. These 

conditions, and the reference group, were defined as described in Table 3, based on standard 

methods used to detect these conditions from TSH and fT4 levels, which were also utilized 

in the FMC cohort in Männistö et al(34). To further examine the relationship between 

maternal TSH, fT4, and autism, these hormones were also examined as continuous 

variables.

Potential confounders were selected based either on previous relationships with tests of 

thyroid function or autism (35–41). They are presented in Table 1, and included maternal 

age, paternal age, number of previous births (0, >1), socioeconomic status (upper white 

collar, lower white collar, blue collar, other), preterm birth (<37 weeks), low birthweight 

(<2500 g), small for gestational age (SGA) status (defined as birthweight for gestational age 

based on national sex-specific weight distribution standards in Finland, see Table 1)(42), 
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maternal/parental history of psychiatric disorders, and gestational week of the blood 

draw(33). Data on maternal age, paternal age, socioeconomic status, and maternal/paternal 

history of psychiatric disorders were acquired from the FHDR and the Finnish Population 

Registry. Data on previous births, preterm birth, low birthweight, and small for gestational 

age status were acquired from the FMBR. Data on gestational week of the blood draw were 

obtained from the FMC. Covariates were included in the adjusted model based on the 

change in estimate method (43), with a cut-off value of a 10% change in the unadjusted odds 

ratio.

In secondary analyses, we examined maternal TPO Ab+ stratified by sex and by comorbid 

intellectual disability. The rationale for this includes the well-known sex differences in 

autism(44) and extensive evidence of comorbidity between autism and intellectual 

disability(45). This begs the question of whether there may be subgroups of cases stratified 

by these respective variables in which TPO Ab+ shows greater associations with autism. 

ICD-10/9 codes for ID are provided in Table 2. Stratified analyses were also conducted by 

birth year. Statistical analyses were performed with SAS software (SAS 9.2, SAS Institute, 

Cary, NC, USA). Given that the study tested only one primary hypothesis, the relationship 

between maternal TPO Ab + and autism, Bonferroni correction was not performed.

Statistical power was calculated using PS software (Power and Sample Size Calculation 

version 3.0(46)).

Results

Covariates and TPO-Ab+

The relationship between the covariates and TPO-Ab+, and the covariates and childhood 

autism are presented, respectively, in Tables 1 and 2. None of the covariates met criteria for 

confounding based on the change in estimate method(43). Only one covariate, paternal age, 

led to a change in estimate of the odds ratio >5% (5.6%). Hence, we did not adjust for any of 

the covariates.

Thyroid peroxidase antibody positivity (TPO-Ab+) and autism (Table 3)

The odds of autism were increased by nearly 80% among offspring of mothers who were 

TPO-Ab+ during pregnancy (OR=1.78, 95% CI=1.16–2.75, p=0.009), compared to mothers 

negative for this autoantibody.

Results of secondary analyses

There was also a significant relationship between maternal TPO-Ab+ defined as a log 

transformed continuous variable and odds of autism (OR=1.09, 95% CI=1.01–1.17, p=0.02). 

The effect sizes were similar in males and females and there was no interaction between 

maternal TPO-Ab+ and sex (p=0.32) (Table 3). The association was increased greater than 

twofold for cases without comorbid ID; there was no significant association for cases with 

intellectual disability (Table 3); however, there was no interaction between TPO-Ab+ and 

ID (p=0.98).
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In order to assess whether birth year played a role in the association between TPO Ab+ and 

autism, we stratified the sample into older born (1987–1996) and younger born (1997–2005) 

groups. Associations between maternal TPO-Ab+ and autism were observed in both strata 

(born 1987–1996: OR=1.60, 95% CI=0.97–2.64, p=0.065; born 1997–2005: OR=2.43, 95% 

CI=1.007–5.86; p=0.048).

There were no associations between maternal clinical hypothyroidism or subclinical 

hypothyroidism and autism (Table 4). There were also no relationships between maternal 

clinical hyperthyroidism or subclinical hyperthyroidism and autism (Table 4). Moreover, we 

found no association between maternal TSH defined as a continuous variable and autism 

[cases, mean (SD)=1.36 (1.39); comparison subjects, mean (SD)=1.38 (1.89), OR=0.99, 

95% CI=0.91–1.09, p=0.97)], nor between fT4 defined as a continuous variable and autism 

[cases, mean (SD) =14.7 (2.0); comparison subjects, mean (SD)=14.7 (1.92), OR=1.09, 95% 

CI=0.52–12.26, p=0.83)]. As expected, there were relationships between maternal TPO-Ab+ 

and maternal clinical and subclinical hypothyroidism in pregnancies giving rise to both case 

(p < 0.001) and comparison subject (p < 0.001) offspring.

Discussion

We demonstrated a significant increase in prevalence of maternal TPO-Ab positivity in 

pregnancies that gave rise to cases of childhood autism compared to control pregnancies in a 

national birth cohort of over 900 matched case-control pairs. We did not observe any 

association between maternal hypo- or hyperthyroidism, nor between maternal TSH or fT4 

levels and autism, indicating that the relationship between maternal TPO-Ab+ and autism in 

offspring was not accounted for by maternal thyroid hormones. We note that maternal 

thyroid hormone levels were consistent with previous studies on the birth cohort of the 

present study(47). Iodine deficiency, including during pregnancy, is rare in Finland given 

that iodine supplementation through iodized salt, dairy products, and other means, is 

routine(48).

Although we did not observe an association between maternal hypothyroidism and autism in 

the present study, three recent studies suggest an association. In the first, very low neonatal 

T4 levels (<3rd percentile) were associated with ASD in one of two birth years(49); in a 

second study, which was the only other previous study to investigate TPO-Ab, severe 

maternal hypothyroxinemia but not TPO-Ab positivity was related to parent-reported 

autistic symptoms(50), but was limited to some degree by a lack of clinical diagnoses and a 

relatively small number of cases with “probable autism” (n=81). In a third study, based on a 

large Danish sample, maternal hypothyroidism determined via registry diagnosis or 

treatment, and diagnosed mainly after the birth of the child was associated with an 

approximately 30% increased odds of ASD(51). The inconsistency in findings across studies 

may result from methodological differences including sample sizes, methods of 

ascertainment of hypothyroidism and autism, or from true differences between populations. 

However, given that only one prior study measured TPO-Ab, it is not known to what extent 

our findings with regard to TPO-Ab+ would agree with those from other populations.
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We also did not demonstrate associations between maternal TPO Ab+ and preterm birth, 

low birthweight and weight for gestational age. This suggests that these peri-/neonatal 

complications did not mediate the association between TPO Ab+ and autism.

The study has several strengths. First, the cases and comparison subjects were derived from 

a large, population-based national birth cohort including all childhood autism cases 

diagnosed in Finland through psychiatric registries which cover the entire population. The 

cases with maternal sera represented over 85% of all childhood autism cases in the 

population and their selection was not predicated on the exposure, or related factors. This 

indicates that the potential for selection bias was small. Second, diagnoses were restricted to 

the childhood autism subtype, which was well-validated(32). Third, the sample size was 

large, with over 900 matched case-control pairs. Fourth, the study had the ability to 

demonstrate no association between thyroid hormone and autism, which suggests that the 

findings were not mediated by thyroid hormone abnormalities.

We note some caveats. First, the sera were stored at minus 25°C, which is far from ideal 

(typical storage temperatures are minus 80°C), and most sera were stored for long intervals 

of time. This may have accounted for loss of antibody reactivity. However, since cases and 

comparison subjects were matched on date of birth, this is most likely to have resulted in 

non-differential misclassification, which generally biases the findings toward the null, rather 

than introducing spurious associations. Second, although extensive testing of many 

covariates did not indicate confounding, there is the possibility of residual confounding. 

Third, maternal TPO-Ab+ may not be specific to childhood autism among ASD and other 

developmental disorders. Specifically, we did not investigate Asperger’s syndrome and 

pervasive developmental disorder other/NOS in this study because these registry diagnoses 

have not yet undergone testing for validation. With regard to other developmental disorders, 

our subsequent analysis revealed that the association between maternal TPO-Ab+ and 

autism was significantly increased in cases without, but not with, comorbid ID. While we 

have no ready explanation for this, previous work has suggested differences in the genetic 

and environmental factors contributing to ASD with versus without ID. For example, loss of 

function mutations were associated with lower IQ levels among boys with ASD from the 

Simons Simplex Collection(52) and pregnancy complications were associated with risk for 

ASD comorbid with ID, but not ASD alone, in an Australian cohort(53). Fourth, given that 

the median age of first diagnosis in the sample was 4 years, and the youngest subjects were 

2 years old, misclassification of subjects in the control group who later developed autism 

may have occurred. However, since such misclassification would have only affected 

subjects born during the latest years of births, and given the relatively low prevalence of 

autism, the number of controls who would have developed autism had they been followed 

longer is very small compared to the total number of controls. Fifth, data are not available 

on TPO-Ab or thyroid hormones in the offspring, or on other environmental factors present 

during infancy or childhood that may have influenced the risk of autism.

Although a precise mechanism by which maternal thyroid autoantibody increases risk of 

autism is not known, the process might involve maternal-fetal transfer of these 

autoantibodies. Maternal-fetal transmission of IgG antibodies is an active Fc-γ-receptor-

mediated process that commences at approximately week 17 of gestation and results in an 
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IgG concentration above that of the mother at term(54). Cord blood from forty percent of 

newborns of mothers with TPO-Ab+ evidenced elevated levels of this antibody, and the 

maternal-neonatal correlation was strong (r=0.96) and highly significant (p < 0.001). In 

addition, autoimmune thyroiditis in children is significantly related to TPO-Ab+ in both 

cord blood and maternal sera during pregnancy, suggesting the possibility of longer term 

effects of fetal exposure(55). Offspring of mothers who were TPO-Ab+ during pregnancy 

were more likely to be TPO-Ab+ during adolescence (56). Finally, newborns who had 

transient hypothyroxinemia of prematurity evidenced an increase in ASD risk as young 

adults, though findings were only significant among those whose mothers did not have 

hypertension during pregnancy(57).

It is also possible that maternal TPO-Ab+ may serve as a marker for other factors that 

increase offspring risk of autism. It may be that heritable factors associated with maternal 

TPO-Ab+ are related to autism, given associations noted above between parental 

autoimmune thyroiditis, and autism in probands(16–19, 21, 22). Consequently, the 

association observed in the present study may be accounted for by genes that predispose to 

autoimmune thyroiditis in family members, which are then inherited by offspring. 

Consistent with this hypothesis, variation in the human leukocyte antigen (HLA) system of 

genes has been associated with both autoimmune disease, including autoimmune thyroid 

disease(58), and with autism(59, 60). Alternatively, an underlying maternal immune 

dysfunction may involve both TPO-Ab+ and the maternal production and transfer to the 

fetus of anti-brain antibodies. This would be in accord with findings from a previous study 

that found maternal anti-brain antibodies to be associated with both ASD among their 

offspring and an increased prevalence of autoimmune diseases(27). Measuring anti-brain 

antibodies in subjects from the current study and determining their correlation with TPO-Ab

+ could allow for assessment of this hypothesis in the future.

Conclusion

Maternal TPO-Ab antibody positivity was significantly associated with childhood autism in 

a large, national birth cohort. To our knowledge this is the first association between a 

biomarker of a class of known maternal autoimmune disorders and autism. This finding may 

have important implications for understanding the pathogenesis of this disorder. In our view, 

animal models will be necessary to understand the molecular mechanisms by which elevated 

maternal TPO antibody alters fetal brain development in such a way as to increase risk of 

autism. Another important future potential implication of this work, if replicated, is to 

identify neonates at risk for ASD, perhaps by using a scale that incorporates TPO antibody 

with other biomarkers. These babies could be targeted for early intervention if the scale is 

demonstrated to have a relatively good positive predictive value.
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Abbreviations

TPO Thyroid peroxidase

TPO-Ab Thyroid peroxidase antibody

FiPS-A Finnish Prenatal Study of Autism

PDD Pervasive developmental disorder

FHDR Finnish Hospital and Outpatient Discharge Registry

ADI-R Autism Diagnostic Interview-Revised

TSH Thyroid stimulating hormone

fT4 free thyroxine

ASD Autism spectrum disorder
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Highlights

-- Odds of autism were raised after prenatal thyroid peroxidase antibody 

exposure

-- The finding was observed in a large national birth cohort

-- There were no associations between maternal hypothyroidism and autism

-- This is the first biomarker-based prenatal autoimmune association with 

autism

-- Further prospective studies are needed to confirm this finding
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Table 1

Relationship between covariates and maternal thyroid peroxidase antibody positivity (TPO-Ab+) in 

comparison subjects (N=960).

TPO-Ab status1

Positive Negative P2,3

Maternal age, Mean (SD) 29.62 (4.65) 29.22 (5.30) 0.67

Paternal age, Mean, (SD) 33.21 (7.56) 31.58 (5.98) 0.22

Previous births, N (%)4 0.60

  0 16 (3.90) 394 (96.10)

  ≥1 18 (3.27) 532 (96.73)

Maternal socioeconomic status5, N (%) 0.95

  Upper white collar 5 (4.17) 115 (95.83)

  Lower white collar 11 (3.18) 335 (96.82)

  Blue collar 5 (3.14) 154 (96.86)

  Other6 5 (3.68) 131 (96.32)

Preterm birth, N (%)7 0.41

  <37 weeks 0 (0) 47 (100)

  ≥37 weeks 34 (3.72) 879 (96.28)

Low birthweight, N (%)8 0.23

  <2500 g 2 (7.69) 24 (92.31)

  ≥2500 g 32 (3.43) 902 (96.57)

Weight for gestational age, N (%)7,9 0.57

  SGA 2 (7.14) 26 (92.86)

  AGA 31 (3.42) 876 (96.58)

  LGA 1 (4.00) 24 (96.00)

Family history, N (%)

  Any maternal psychiatric disorder 0.66

  Yes 2 (4.65) 41 (95.35)

  No 32 (3.49) 885 (96.51)

  Any parental psychiatric disorder 0.79

  Yes 3 (2.75) 106 (97.25)

  No 31 (3.64) 820 (96.36)
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TPO-Ab status1

Positive Negative P2,3

Gestational week blood draw, Mean (SD) 11.03 (3.14) 10.82 (3.38) 0.73

1
Percentages expressed as row percents.

2
P values for maternal age, paternal age, and gestational week calculated by T-test; P values for previous birth, maternal socioeconomic status, 

preterm birth, low birthweight, weight for gestational age, and family history were calculated using Chi-square test

3
P values for categorical variables calculated by Fisher’s exact test except where indicated

4
Frequency missing: N= 6

5
Frequency missing: N=199

6
Includes individuals both within and outside the documented labor force (housewives, unemployed, students, retired, and self employed 

entrepreneurs).

7
Frequency missing: N=6

8
Frequency missing: N=4

9
SGA = Small for gestational age (< 2 SD); AGA = Average for gestational age (−2 SD to +2 SD); LGA = Large for gestational age (>2 SD). 

Calculated according to national sex-specific Finnish weight distribution standards at a given gestational age(61).
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Table 2

Relationship between covariates and autism diagnosis (N=960 cases, 960 comparison subjects)

Cases Comparison
Subjects P1

Maternal age, Mean (SD) 30.15 (5.34) 29.24 (5.28) 0.001

Paternal age, Mean, (SD)2 32.98 (6.47) 31.64 (6.04) <0.01

Previous births, N (%) 0.001

  0 328 (34.17) 410 (42.71)

  ≥1 632 (65.83) 550 (57.29)

Maternal socioeconomic status3, N (%) 0.83

  Upper white collar 111 (14.23) 120 (15.77)

  Lower white collar 354 (45.38) 346 (45.47)

  Blue collar 169 (21.67) 159 (20.89)

  Other4 146 (18.72) 136 (17.87)

Preterm birth, N (%)5 0.17

  <37 weeks 61 (6.35) 47 (4.9)

  ≥37 weeks 899 (93.65) 913 (95.1)

Low birthweight, N (%)6 0.02

  <2500 g 45 (4.69) 26 (2.71)

  ≥2500 g 915 (95.31) 934 (97.29)

Weight for gestational age, N (%)7 0.45

  SGA 38 (3.96) 28 (2.92)

  AGA 896 (93.33) 907 (94.48)

  LGA 26 (2.71) 25 (2.60)

Family history, N (%)

  Any maternal psychiatric disorder 0.001

  Yes 78 (8.13) 43 (4.48)

  No 882 (91.88) 917 (95.52)

  Any parental psychiatric disorder 0.009

  Yes 148 (15.42) 109 (11.35)

  No 812 (84.58) 851 (88.65)

Gestational week blood draw, Mean (SD) 11.06 (3.06) 10.93 (3.52) 0.74
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1
P values for maternal age, paternal age, and gestational week calculated by T-test; P values for previous birth, maternal socioeconomic status, 

preterm birth, low birthweight, weight for gestational age, and family history were calculated using Chi-square test

2
Frequency missing: cases: N=17; comparison subjects: N=5

3
Frequency missing: cases: N=180; comparison subjects: N=199

4
Includes individuals both within and outside the documented labor force (housewives, unemployed, students, retired, and self employed 

entrepreneurs).

5
Frequency missing: cases: N=4; comparison subjects: N=6

6
Frequency missing: cases: N=2; comparison subjects: N=4

7
SGA = Small for gestational age (< 2 SD); AGA = Average for gestational age (−2 SD to +2 SD); LGA = Large for gestational age (>2 SD). 

Calculated according to national sex-specific Finnish weight distribution standards at a given gestational age.
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