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Abstract
Objective—To examine the relationship between birth weight, gestational age, small for
gestational age (SGA), and three most common autism spectrum disorder (ASD) subtypes.

Study design—In this population-based case-control study conducted in Finland, 4713 cases
born between 1987 and 2005 with ICD-diagnoses of childhood autism, Asperger syndrome or
PDD, were ascertained from the Finnish Hospital Discharge Register. Four controls, individually
matched on sex, date of birth, and place of birth, were selected from the Finnish Medical Birth
Register for each case. Conditional logistic regression models were used to assess whether birth
weight and gestational age information predicted ASD after controlling for maternal age, parity,
smoking during pregnancy and psychiatric history, as well as for infant’s major congenital
anomalies.

Results—Very low (<1500g) and moderately low (<2500g) birth weight, very low gestational
age (less than 32 weeks), and SGA increased risk of childhood autism (adjusted OR 3.05, 95% CI
1.4–6.5; 1.57, 1.1–2.3; 2.51, 1.3–5.0 and 1.72, 1.1–2.6, respectively). Very low and moderately
low birth weight, very low gestational age, and SGA were also associated with increase in PDD
risk (OR 3.44, 95% CI 1.9–6.3; 1.81, 1.4–2.4; 2.46, 1.4–2.3 and 2.24, 1.7–3.0, respectively). No
associations were found between the perinatal characteristics and Asperger syndrome. The
increased risks persisted after controlling for selected potential confounders.
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Conclusions—The finding that low birth weight, prematurity and SGA were related to
childhood autism and PDD but not to Asperger syndrome suggests that prenatal factors related to
these exposures may differ for these ASD subtypes, which may have preventive implications.

Keywords
Epidemiology; Risk Factors

Associations between autism spectrum disorders (ASD) and birth weight, gestational age,
and small for gestational age (SGA) status have remained inconsistent. Associations
between low birth weight (< 2500g) and childhood autism or ASD were shown in
population-based studies from Sweden1 and the US2 as well as in three studies from
Denmark.3–5 However, in one study2 the association between low birth weight and ASD
was statistically significant only among girls. Furthermore, several population-based studies
have reported no association between low birth weight and autism or ASD, after adjusting
for potential confounders.6– 9

Studies examining gestational age at birth and ASD have also yielded mixed findings. A
population-based study from Denmark4 showed an association between low gestational age
(< 35 weeks) and childhood autism. Studies from the USA2 and Australia10 found
associations between preterm birth and the broader group of ASD in children born below 37
and 33 gestational weeks, respectively. In contrast, population-based studies from
Australia,8 Denmark,5 the USA6 and two studies from Sweden1,11 reported no association
between gestational age and autism or ASD after adjusting for maternal, pregnancy and birth
characteristics.

Small for gestational age (SGA) status is a distinct risk factor from birth weight or
gestational age, and reflects fetal growth and well-being. Among population-based studies
including SGA in their analyses, four have found an association between SGA and
childhood autism or ASD after adjusting for maternal, pregnancy and birth
characteristics.1,4,5,11 In the study by Larsson et al.,4 the increased risk for SGA infants was
observed when adjusted for perinatal factors, but the risk did not remain statistically
significant when adjusted for parental psychiatric history and socioeconomic characteristics.

Methodological issues may at least partly explain the inconsistency of previous research
findings. First, in most of the previous register-based studies, data from outpatient care
available and analyses were usually limited to ASD cases receiving inpatient care. Second,
there are large variations between studies in sample sizes and on confounding factors. Third,
despite the increasing number of population-based studies examining the risk of ASD
following low birth weight, prematurity, or SGA, few studies have directly examined ASD
by subtype. Investigators have usually either pooled all cases into the broad category of
ASD2,6,8,11 or have only examined the relation of these exposures and risk of childhood/
infantile autism.1,4,5,7 Even though we acknowledge the possible plan to subsume all autism
spectrum diagnoses under one category in the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-V), at present there remain separate diagnostic criteria for each
of these disorders providing sufficient rationale for separate examination of these disorders
by subtype.

It is unclear if these ASD subtypes are associated similarly with prematurity, low birth
weight and SGA. In the Australian study,8 the pattern of pregnancy and labor complications
differed between ASD subtypes. The autism group had the greatest number of complications
compared with Asperger syndrome and PDD. In their study, however, birth weight itself
was not compared between subtypes. In the recent Swedish study,12 low birth weight and
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low gestational age were associated with autism, but not with Asperger syndrome. However,
PDD was not investigated in this study. Given the lack of population-based studies
examining the associations between birth weight and gestational age and these three most
commonly diagnosed subtypes of ASD, we sought to address this question in the current
study.

METHODS
The present study was based on a large, ongoing epidemiological study of autism and autism
spectrum disorders in Finland, the Finnish Prenatal Study of Autism and Autism Spectrum
Disorders (FIPS-A). The FIPS-A is a nested case-control study derived from all singleton
live births (n= 1 149 271) in Finland between January 1, 1987 and December 31st, 2005. The
sampling frame included all children in Finland followed up for ASD diagnoses until the
end of 2007. Cases were identified from the Finnish nationwide Hospital Discharge
Register, including both inpatient and outpatient diagnoses, and matched controls were
representative of the source population that gave rise to the cases. A full description of the
study design and sources of data is available,13 and will therefore be only summarized here.
This study was authorized by the Ministry of Social Affairs and Health in Finland (STM/
2593/2008) with the approval from the ethics committee of the hospital district of Southwest
Finland and the National Institute for Health and Welfare, and approved by the Institutional
Review Board of the New York State Psychiatric Institute.

This study is based on data from three nationwide registers: the Finnish Hospital Discharge
Register (FHDR), Finnish Medical Birth Register (FMBR) and the Register of Congenital
Malformations (RCM). All medical diagnoses from 1969 to the present are available in the
FHDR. In Finland, diagnostic classification is based on the International Classification of
Diseases (ICD); the 10th Revision is used since 1996.

Finland has universal health coverage; the Finnish public health care system includes
primary health care (child welfare clinics, school health care services and health care
centers), district and central hospitals as well as university hospitals. The visits to child
welfare clinics and school health care services are free-of-charge, and practically all children
in Finland use these services. Primary health care doctors are gatekeepers for referral to the
more specialized services provided in hospitals. Children suspected to have ASD are
referred from primary health care to more specialized services to be fully assessed by a
multiprofessional, specialized team including e.g. child neurologists or psychiatrists,
psychologists and speech therapists using standardized methods. Furthermore, in order to
receive disability benefits from the Social Insurance Institution, an independent evaluation
by another physician is required. In Finland, the private health care system is small and it
mainly focuses on acute primary care in pediatric patients and is does not significantly
overlap with the public health care system in the area of specialized health care.

The FHDR covers all somatic and psychiatric hospitals, inpatient wards of local health
centers, military wards, prison hospitals and private hospitals. In 1998, diagnoses from
outpatient care in public hospitals were added to the FHDR. Past diagnoses are available in
the FHDR, and at each visit, the current diagnosis is registered and reported by health care
personnel, and controlled by the register keeper. In this study, the most recent diagnosis was
used for diagnostic classification. The FMBR includes detailed data on pregnancies and the
neonatal period up to the age of seven days. The linkage between registers was conducted
using a unique personal identity code assigned to all residents in Finland. The RCM contains
information on all infants with a congenital anomaly or birth defect. Data are received from
several sources, including a data collection form completed by delivery hospitals, neonatal,
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pediatric and pathology departments and cytogenetic laboratories, and by linkage to other
nationwide registers.e.g.14

Case identification
Cases with ASD diagnoses during the 21-year follow-up period (from January 1st, 1987 to
December 31st, 2007) were identified from the FHDR. Diagnostic codes 299x (ICD-9) and
F84.x (ICD-10) were used. In this study, the majority of cases were diagnosed with ICD-10,
and only 19 cases (0.4%) were diagnosed according to the ICD-9. Because the most recent
registry diagnosis was used for classification, these 19 cases represent a rare group with no
ASD diagnosis registered after 1996. The majority (94%) of all ASD cases registered during
the study period belonged to one of the three subtypes: childhood autism (F84.0, n=1132),
Asperger syndrome (F84.5, n=1785), and other pervasive developmental disorders/pervasive
developmental disorder – unspecified, PDD (F84.8/F84.9, n=1796). Cases receiving either a
diagnosis of “other pervasive developmental disorder or “pervasive developmental disorder,
unspecified” were pooled together, and they are referred to as “PDD”. The less common
ASD subtypes, which are rare diseases such as Rett syndrome, were excluded in this study.

Controls were drawn from the population at risk (born in Finland 1987–2005 and resident in
Finland at the time of first diagnosis of cases) and who were without ASD or severe/
profound intellectual disability according to the FHDR. Each case was individually matched
to four controls on date of birth, place of birth and sex. If the birth place was a very small
community and a control could not be found, the first option was to match to birth hospital
and the second to regional hospital district.

Birth weight and gestational age information
Data on birth weight and gestational age were obtained from the FMBR. Birth weight
categories were: < 1500, 1500 to 2499, 2500 to 3999, 4000 to 4499 and ≥ 4500 grams.
Gestational age was classified into four categories: ≤ 31, 32 to 37, 38 to 41 and ≥ 42 weeks.
The best clinical estimation of gestational age at birth is registered, which has been based on
ultrasound since the late 1980s and early 1990s; prior to that it was based on the last
menstrual period. Birth weight for gestational age (SGA/AGA/LGA status) was calculated
according to national sex-specific weight distribution standards at a given gestational age in
a sample of children (n= 75 061) born in Finland between 1979 and 1983.15 SGA/AGA/
LGA status was categorized into three groups: small for gestational age (SGA, < −2 SD),
appropriate for gestational age (AGA, −2 SD – + 2 SD) and large for gestational age (LGA,
> +2 SD).

Confounding factors
Six potential confounding factors that have been associated with both ASD and birth weight
characteristics were considered for inclusion in the analyses: maternal age,8,16 smoking
during pregnancy,1,17 number of previous births,18,19 maternal psychiatric history,4,20

congenital anomalies21 and maternal socioeconomic status (SES) based on maternal
occupation at birth.7,22 Data on these variables were obtained from the FMBR and the
FHDR. Maternal age was classified into the following categories: less than 20, 20–24, 25–
29, 30–34, 35–39 and 40 years or more. Maternal smoking during pregnancy was classified
as a binary variable (yes/no). The number of previous births was categorized as 0, 1, 2, 3 or
4 or more. A mother was defined as having a psychiatric history if she had any of the
following diagnoses registered in the FHDR during her lifetime: F10-F99 based on the
ICD-10 (mental and behavioral disorders due to psychoactive substance use; schizophrenia,
schizotypal and delusional disorders; mood disorders; neurotic, stress-related and
somatoform disorders; behavioral syndromes associated with physiological disturbances and
physical factors; disorders of adult personality and behaviour; disorders of psychological
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development; behavioral and emotional disorders with onset usually occurring in childhood
and adolescence and unspecified mental disorder). Corresponding diagnoses based on the
ICD-9 (291–316) and the ICD-8 (291–309) were also included: psychosis, neurotic
disorders, personality disorders, and other nonpsychotic mental disorders. Maternal
psychiatric history was classified as a binary variable (yes/no). Major congenital anomalies
as defined by the RCM were classified as a binary variable (yes/no). Only major congenital
anomalies detected before the age of one year were included. Minor anomalies were
excluded according to the exclusion list of European Registration of Congenital Anomalies
(EUROCAT). If a child had more than one major congenital anomaly of one organ system,
those anomalies were treated as one outcome of the organ system. Maternal SES categories
were based on existing national classifications that are used in the FMBR: upper white collar
workers, lower white collar workers, blue collar workers and others (e.g. students and
housewives).

Statistical analyses
Conditional logistic regression models were used to examine the association between the
ASD outcome and birth weight factors. In the first stage we estimated unadjusted odds ratios
(OR) and 95% confidence intervals (CI). As maternal SES and smoking during pregnancy
were considered to be potentially collinear, we assessed for this by fitting a model with both
maternal SES and smoking during pregnancy as potential confounding factors (model I),
followed by models with only smoking (model II) and only maternal SES (model III). When
comparing the results between model I and II, and between model I and model III, we
noticed large changes in the estimated ORs due to large standard errors when either smoking
or maternal SES was excluded from the models. Smoking during pregnancy and maternal
SES were highly correlated (p<.001, data available on request), and were therefore
considered to be multicollinear. Hence, we excluded maternal SES from the adjusted model
and treated smoking during pregnancy as a potential confounding factor, given that the latter
variable served as an excellent proxy measure for maternal SES. Furthermore, there was a
statistically significant correlation between maternal smoking and low birth weight, very
preterm birth and SGA. The correlations between maternal smoking and low birth weight,
very preterm birth, and SGA, respectively, were 0.084, −0.056, and −0.027. Maternal
smoking accounted for 0.07% (p<.0001), 0.31% (p<.0001) and 0.70% (p<.0001) of the
variability in low birth weight, very preterm birth and SGA, respectively. Thus, statistical
significance was considered to be mainly a result of the large sample size. The correlation
between maternal smoking and maternal psychiatric diagnoses was 0.092 and smoking
explained 0.85% of the variability in maternal psychiatric diagnosis (p<.0001). These
variables are not considered as multicollinear and were therefore included in the same
model. In the second stage of the analysis we estimated the ORs and 95% CIs for birth
weight, gestational age and SGA/AGA/LGA-status on ASD risk, adjusting for smoking
during pregnancy, maternal age, and number of previous births, maternal psychiatric history
and major congenital anomalies. As low birth weight can be a consequence of both
prematurity and poor intrauterine growth, we estimated the ORs and 95% CIs for gestational
age, adjusting for SGA/AGA/LGA-status as an additional covariate. In all analyses, a two-
sided p-value of <0.05 was considered statistically significant. Statistical analyses were
performed with SAS statistical software.23

RESULTS
Frequencies of ASD cases and controls according to birth weight, gestational age and SGA/
AGA/LGA status are shown in Table I. Based on these data,13 the prevalence of childhood
autism among children 19 years or younger was 9 per 10 000 by the end of 2005. The
prevalences of Asperger syndrome and PDD were 14.5 and 14.6 per 10 000. Table II gives
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the associations between childhood autism, Asperger syndrome and PDD and birth weight
characteristics. In unadjusted analyses, low birth weight (< 2500 grams), very low
gestational age (< 32 weeks) and SGA were associated with both childhood autism and
PDD, and high gestational age (42 weeks or more) and SGA were associated with Asperger
syndrome.

When the results were adjusted for the effects of potential confounders, i.e. maternal age,
smoking during pregnancy, maternal psychiatric history, number of previous births and
major congenital anomalies, the associations between low birth weight, low gestational age,
and SGA and childhood autism remained statistically significant (Table II). Very low birth
weight (VLBW, < 1500g) infants had a greater than three-fold increased odds of autism
compared with the normal birth weight (2500–3999g) infants (OR 3.1, CI 1.4, 6.5, p=.004).
Low birth weight infants (< 2500g) had a 60% increased odds of autism (OR 1.6, CI 1.05,
2.3, p=.029). Very low gestational age infants (less than 32 weeks) were two and one half
times more likely to develop autism compared with term infants (OR 2.5, CI 1.3, 5.0, p=.
009). SGA infants had a 70% increased odds for childhood autism compared with AGA
infants (OR 1.7, CI 1.1, 2.6, p=.009). Prematurity was an independent risk factor for
childhood autism and PDD even after adjustment for impaired fetal growth (data available
on request). There were no significant associations between Asperger syndrome and birth
weight, gestational age or SGA/AGA/LGA status. PDD was statistically significantly
associated with very low birth weight, low gestational age, and SGA. VLBW infants had a
greater than threefold increased odds for PDD (OR 3.4, CI 1.9, 6.3, p<.001) compared with
normal birth weight infants. Low birth weight infants had a nearly two-fold increased odds
for PDD (OR 1.8, CI 1.4, 2.4, p<.001) compared with the normal birth weight infants. In
addition, very low gestational age infants had a greater than two-fold increased odds for
PDD compared with term infants (OR 2.5, CI: 1.4, 4.3, p<.001). SGA infants were over
twice more likely to develop PDD compared with AGA infants (OR 2.2, CI 1.7, 3.0, p<.
001). Due to an increased vulnerability of males to ASD, we conducted a secondary analysis
including only males. The same risk factors remained statistically significant (data available
on request).

DISCUSSION
This population-based study examined the association between three birth characteristics
(birth weight, gestational age and SGA/AGA/LGA status) and each of the three most
common subtypes of ASD, childhood autism, Asperger syndrome and PDD. Childhood
autism and PDD were associated with all three factors. No associations were found between
Asperger syndrome and birth weight, gestational age or SGA/AGA/LGA-status after
controlling for potential confounders. Our findings indicate that risk factors might be
different for ASD subtypes. The autism spectrum is usually defined based on similarities in
symptoms. Given the likely multifactorial etiology of ASD, it is conceivable that different
etiologic factors (in this case birth characteristics) can be related to different syndromes
within the spectrum.

These findings indicate that both intrauterine growth restriction and very preterm birth are
related to risk of childhood autism and PDD. Based on this study, prematurity was an
independent risk factor for childhood autism and PDD even after adjustment for impaired
fetal growth. There appeared to be dose-response effects between prematurity and both
childhood autism and PDD as the risk ratios increased with decreasing gestational age. Our
findings confirm the results of previous studies showing an association between childhood
autism and low birth weight1,3–5 and prematurity.4 Furthermore, VLBW and prematurity are
associated with neurodevelopmental and intellectual disabilities, such as learning
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disabilities, attention problems and poor executive function24–27 that are often present in
children diagnosed with ASD.28

Premature infants with very low birth weight often need long hospitalizations in the neonatal
intensive care unit (NICU). The infants in the NICU are treated with highly advanced
medical technology and the number of survivors has increased, but neurodevelopmental
consequences still exist.29 The NICU infants may experience postnatal complications such
as intraventricular hemorrhages and white matter injuries, which may mediate the effects of
intrauterine growth restriction and prematurity on the risks of autism and PDD. It has been
suggested that the proportion of NICU infants that are later classified with ASD has
increased.30 It is also possible that the environment of the NICU adversely affecting
physiological, emotional and social maturation may result in negative effects on child
neurodevelopment.29,31–33 Another possibility is that prematurity/VLBW and ASD may
share similar neurodevelopmental antecedents, including exposure to adverse prenatal
factors such as infection, nutritional deficits, hypoxia, and other obstetric insults, as well as
genetic susceptibilities.

Both childhood autism and PDD were associated with SGA. The association between
childhood autism and SGA is consistent with findings from previous population-based
studies from the Nordic countries1,4,5, and there is a lack of previous studies of the
association between SGA and PDD. The finding that SGA incurs over a two-fold increased
risk specifically for PDD has not been demonstrated in previous research. Consistent with
our results, the magnitude of the association between SGA and childhood autism in previous
studies was rather low; odds ratios have varied between one and two. Additionally, in the
study by Buchmayer et al11 a similar association was found between SGA and the broader
group of ASD.

There are several possible explanations for the findings related to SGA. First, there may be
shared genetic mechanisms for SGA and ASD.2 Recently, a polymorphism in the gene for
insulin-like growth factor-I (IGF-I) was found to be associated with lower birth weight
(weight reduction of 215 g compared with subjects without the polymorphism).34

Conceivably, this or other genes that predispose to low birth weight may also account for
part of the association between this exposure and childhood autism and PDD. Second,
parallel to VLBW, SGA is a marker of several prenatal risk factors that may be associated
with autism such as fetal hypoxia, placental pathology, pre-eclampsia or infections during
pregnancy.1,2,22,35,36 Third, maternal risk behaviours, such as smoking, alcohol or other
substance use, have been associated with low birth weight, prematurity37 and
neuropsychiatric morbidity.38,39

Asperger syndrome was not associated with birth weight, gestational age or SGA status
when adjusted for confounding factors. Our results are similar to a recent Swedish study12

which found no associations between obstetric risk factors (prematurity, low Apgar scores,
growth restriction, or macrosomia) and Asperger syndrome. Most previous studies of risk
factors for Asperger syndrome, however, have been either clinic-based or limited to rather
small sample sizes.40,41 These findings suggest that susceptibility genes and/or prenatal risk
factors for retarded fetal growth or prematurity may have a lower prevalence in Asperger
syndrome than other ASD.

The main strengths of this study include: (1) a large, population-based sample of 1.1 million
births, yielding high statistical power to demonstrate associations; (2) inclusion of cases
treated in both inpatient and outpatient settings, which increases the generalizability of the
findings and may reduce bias; (3) high quality and completeness (eg, <0.1% missing of birth
weight and gestational age information, limiting the potential for diagnostic
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misclassification).42,43 In Finland, most hospitals follow the VLBW infants up to 2 years of
age and thereafter according to clinical judgment. This follow-up, unfortunately, is not
sufficient to diagnose all ASD. However, all children are also followed by child welfare
clinics that are responsible for screening developmental problems, such as symptoms of
ASD. As noted before, child welfare clinics are an important part of primary health care
settings, referring children with ASD symptoms to more specialized services. However, this
study has limitations that need to be considered. First, cases were classified based on
discharge diagnoses from the FHDR. Consequently, some diagnostic misclassification is
likely to exist. However, as reported previously,44 77 of 80 subjects with register-based
diagnoses of childhood autism fulfilled the diagnostic criteria according to the Autism
Diagnostic Interview – Revised (ADI-R), indicating high validity of register-based
diagnoses of childhood autism. At present, validation studies for the other diagnoses
(Asperger syndrome or PDD) have not been conducted. Thus, results regarding these
diagnoses may be viewed with somewhat less confidence than those regarding the
associations with childhood autism. However, because in Finland the clinical assessment of
any ASD is done in specialized services mostly by specialists in child psychiatry or pediatric
neurology, we believe that the validity of the diagnoses of Asperger syndrome and PDD is at
least satisfactory. Second, because the FHDR includes children who have been referred from
the child health clinics to specialized services; it is probable that many cases with mild
symptoms are missing. However, we expect the coverage of moderate and severe ASD cases
to be good, for three reasons. First all children in Finland under school age (7 years) visit
child health clinics at least once a year. Second, similar to other Nordic countries such as
Sweden and Denmark, Finland has a public health system which covers for all treatments for
ASD. Third, all inpatient treatment for ASD and all outpatient treatment for these disorders
since 1998 are coded in the FHDR. Therefore, a child with moderate or severe symptoms of
ASD will most likely be referred to specialized services for diagnostic assessment and
possible treatment, and subsequently become registered in the FHDR. Since the inclusion of
outpatient diagnoses in the FHDR began in 1998, we were not able to include cases that
were diagnosed and treated only in outpatient units prior to that year. However, since the
most recent diagnosis was used for case identification, and ASD is generally a chronic
condition, we expect that this would have captured many cases treated exclusively as
outpatients with onset prior to 1998 in our study sample. Finally, the issue of emigration
from the cohort needs to be considered. Although emigration can be viewed as a potential
cause of selection bias, if it is related to birth complications and ASD, it should be noted that
the emigration rate is very low in Finland; during the study period the annual rate has varied
between 0.2–0.4%.58 Hence, emigration is expected to have played a very small role, if at
all, in influencing the findings.

We have demonstrated that low birth weight, very low gestational age and SGA are related
to increased risks of childhood autism and PDD. The findings may have important
implications for understanding prenatal risk factors and susceptibility genes for ASD that
may impair fetal growth and/or lead to premature birth. The fact that different risk factors
were found for childhood autism and PDD on the one hand, and Asperger syndrome on the
other, suggests that different vulnerability factors and their interactions may be responsible.
These findings stimulate search for specific environmental factors and genes that act during
the prenatal period to increase the susceptibility for ASD.
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Abbreviations

ASD autism spectrum disorder

PDD pervasive developmental disorder

SGA small for gestational age

OR odds ratio

CI confidence interval
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