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Abstract

Background: This study examined potential self-selection bias in a large pregnancy cohort by comparing exposure-
outcome associations from the cohort to similar associations obtained from nationwide registry data. The outcome
under study was specialist-confirmed diagnosis of autism spectrum disorders (ASDs).
Methods: The cohort sample (n = 89 836) was derived from the population-based prospective Norwegian Mother
and Child Cohort Study and its substudy of ASDs, the Autism Birth Cohort (ABC) study. The nationwide registry
data were derived from the Medical Birth Registry of Norway (n = 507 856). The children were born in 1999–2007,
and seven prenatal and perinatal exposures were selected for analyses.
Results: ASDs were reported for 234 (0.26%) children in the cohort and 2072 (0.41%) in the nationwide population.
Compared with the nationwide population, the cohort had an under-representation of the youngest women (<25
years), those who had single status, mothers who smoked during pregnancy, and non-users of prenatal folic acid
supplements. The ratios of the adjusted odds ratios (ORs) in the cohort over the adjusted ORs in the nationwide
population were as follows; primipara pregnancy: 1.39/1.22, prenatal folic acid use: 0.85/0.86, prenatal smoking:
1.20/1.17, preterm birth (<37 weeks): 1.48/1.42, low birthweight (<2500 g): 1.60/1.58, male sex: 4.39/4.59
(unadjusted only); and caesarean section history: 1.03/1.04.
Conclusions: Associations estimated between ASDs and perinatal and prenatal exposures in the cohort are close to
those estimated in the nationwide population. Self-selection does not appear to compromise validity of exposure-
outcome associations in the ABC study.
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Self-selection and low participation proportion is a
well-known challenge in epidemiological studies.1

When eligible participants choose not to take part in a
study, the non-participation may introduce a bias in
the effect estimates of exposure-outcome associations,
a situation usually referred to as selection bias.2 In
conventional effect estimates [i.e. odds ratio (OR) or
risk ratio], this type of bias occurs when participation

depends on both the exposure and the outcome under
study, or indirectly when participation is influenced
by underlying factors that are also associated with
both the exposure and the outcome under study.2,3

Self-selection and its consequences in epidemiologi-
cal studies have been investigated in association with
various health outcomes, but for many outcomes this
remains an uncharted area. Over the past two
decades, several population-based epidemiological
studies (both prospective studies and case–control
studies) have been or are being conducted to detect
potential genetic and environmental causes of autism
spectrum disorders (ASDs) in the offspring.4–7 While
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offering important contributions to public health and
ASD research, the general knowledge of systematic
bias in exposure-outcome associations due to self-
selection in these and other ASD studies is limited.

Various methods can be used to investigate selec-
tion bias in epidemiological studies. Most recently,
one attractive method is to quantify bias by compar-
ing exposure-outcome associations from the study
participants to similar associations obtained from the
source population using registry data that are avail-
able for both populations.8–10 Because registry data are
independently collected without knowing which indi-
viduals will participate in a future epidemiological
study or not, the presence of bias in effect estimates is
likely to reflect selection bias. Further, because the
study is intended to reflect the source population, the
method may also be regarded as a direct measure of
generalisability of the study results.

In the present study, we aimed to examine potential
self-selection bias in the population-based Norwegian
Mother and Child Cohort Study (MoBa) and its
substudy of ASD, the Autism Birth Cohort (ABC)
study.6 The associations of ASD with seven selected
prenatal and perinatal exposures in the cohort sample
were compared with similar associations obtained
from nationwide registry data consisting of all
liveborn children in Norway in the same time period.
The nationwide registry data were derived from the
Medical Birth Registry of Norway (MBRN).

Methods

Cohort sample

MoBa is a prospective pregnancy cohort that includes
109 020 children.11 Mothers were recruited to the study
through a postal invitation after they had signed up
for the routine ultrasound examination at their local
hospital, approximately around gestational week 18
(participation proportion 38.5%). The children were
born between August 1999 and July 2009, and data are
linked to the nationwide MBRN to obtain additional
registered pregnancy and birth data (see description
below). The analyses in the present study included
children born in 1999–2007 who were recorded to be
alive and living in Norway past the age of 3 years.
Because follow-up on ASD diagnosis was in 31 Decem-
ber 2010 (see description below), all children in our
study were 3 years or older. A total of 89 836 children
in the MoBa cohort were included in the analyses.

Nationwide population

The nationwide registry data were derived from the
MBRN.12 This registry was established in 1967 and
contains data for all pregnancies lasting more than 16
weeks (12 weeks since 2001). Reporting to the MBRN
is mandated by law. A standardised notification form
is used to record essential information about the preg-
nancy and the delivery, such as demographic informa-
tion, maternal reproductive history, maternal health
before and during pregnancy, pregnancy and birth
complications, and pregnancy outcomes. The nation-
wide population included children born in the same
period as the cohort sample (1999–2007) who were
recorded to be alive and living in Norway past the age
of 3 years. A total of 507 856 children were included in
the nationwide population.

Diagnosis of ASD

Information about ASD diagnoses for the cohort
sample and the nationwide population was obtained
by linkage to the Norwegian Patient Registry (NPR).13

The NPR is an administrative database containing
activity data from all Norwegian specialist health ser-
vices, i.e. all hospitals and outpatient clinics in
Norway. All ASD diagnoses are specialist-confirmed
by paediatricians, child psychiatrists, or specialists in
clinical psychology. Reporting of data to the NPR is
mandatory and linked to the governmental reim-
bursement system for funding of health services.
Individual-level research data are available from 2008
onwards. The data files provided for the present study
contained NPR diagnoses until 31 December 2010.
Diagnoses are reported according to International Sta-
tistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision. The ASD case definition in the
present study included F84.0 childhood autism, F84.1
atypical autism, F84.5 Asperger’s syndrome, F84.8
other pervasive developmental disorder, and F84.9
pervasive developmental disorder, unspecified. Diag-
noses of F84.2 Rett syndrome and F84.3 childhood
disintegrative disorder were not included.

Validation of ASD diagnoses

All MoBa children identified with ASD diagnoses in
the NPR are invited to participate in an assessment
that includes the research-standard instruments for
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diagnosis of ASD, the Autism Diagnostic Interview –
Revised14 and the Autism Diagnostic Observation
Schedule.15 The NPR diagnoses have a high validity
for ASD; of 60 NPR cases clinically assessed through
the ABC study to date, 58 were found to meet the
Diagnostic and Statistical Manual of Mental Disorders,
4th Edition criteria for ASD, resulting in a positive
predictive value of 97% [95% confidence interval (CI)
88, 100%]. The ABC study also identifies ASD cases
through screening and referrals of potential ASD
cases,6 but we only included ASD diagnoses from the
NPR in this study in order to make the cohort sample
and the nationwide population comparable. The
overlap of ASD cases between the NPR and the ABC
study during among children born in 1999–2007 is
shown in Figure 1. The 51 children that were diag-
nosed with ASD in the ABC study but yet had no
diagnosis in the nationwide population (NPR) were
treated as non-ASD cases in the cohort sample.
Excluding these 51 ASD cases from the analyses alto-
gether did not alter any of the effect estimates of
exposure-outcome associations.

Baseline data

Information about background characteristics and the
seven selected exposures was obtained from the

MBRN and included maternal age (<25, 25–29, 30–34,
and ≥35 years) and paternal age (<30, 30–34, 35–39,
and ≥40 years) at delivery, maternal marital status
(single, cohabiting/married), parity (0, 1, ≥2 previous
deliveries), caesarean section history (no, yes), hospi-
tal size (<500, 500–1499, 1500–2999, and ≥3000 births
per year), prenatal folic acid use (no, yes), prenatal
smoking (no, yes), pre-eclampsia (no, yes), preterm
birth (no, yes), low birthweight (no, yes), offspring
sex (female, male), and multiple pregnancies (no, yes).
Prenatal smoking was defined as any maternal
smoking during pregnancy and was recorded in the
MBRN by check boxes for daily and occasionally
smoking at the beginning of and at the end of
pregnancy.16 Likewise, prenatal folic acid use was
defined as any use of maternal folic acid supplements
before and/or during pregnancy, and was recorded
by check boxes on regular use before or during
pregnancy.16 Low birthweight was defined as <2500 g,
whereas preterm birth was defined as <37 completed
weeks of gestation. Gestational age was based on
second trimester ultrasound measurements or, if
missing, the first day of the last reported menstrual
period. Hospital size was used as a proxy for geo-
graphical area. In Norway, smaller hospitals are
generally found in the rural areas, outside the large
cities.

For the overall nationwide population, information
was missing for 4 (0.0%) children on maternal age,
3433 (0.7%) children on paternal age, 83 843 (16.5%)
children on prenatal smoking, 3270 (0.6%) children on
preterm birth, and 635 (0.1%) children on low
birthweight. For the cohort sample, information was
missing for 261 (0.3%) children on paternal age, 14 134
(15.7%) on prenatal smoking, 352 (0.4%) children on
preterm birth, and 59 (0.1%) children on low
birthweight.

We estimated the risk of ASD associated with the
following seven prenatal and perinatal exposures: pri-
mipara pregnancy (no, yes), prenatal folic acid use (no,
yes), prenatal smoking (no, yes), low birthweight (no,
yes), preterm birth (no, yes), offspring sex (female,
male), and caesarean section history (no, yes). Except
for caesarean section history, all variables were chosen
because they have been associated with ASD in previ-
ous studies.17–24 A history of caesarean section was
expected not to be associated with ASD and was
included as a control exposure. All associations were
estimated separately for the cohort sample and the
nationwide population.

ABC ASD cases
(n = 285)

NPR ASD cases
(n = 2072)

MoBa/ABC

MBRN

n = 1838 n = 51n = 234

Figure 1. Cases of autism spectrum disorders in the Autism
Birth Cohort study and the Medical Birth Registry of Norway.
Cases in the Medical Birth Registry of Norway are obtained
from the Norwegian Patient Registry (n = 2072), whereas cases
in the Autism Birth Cohort study are obtained from the Norwe-
gian Patient Registry (n = 234) as well as from screening and
referrals of potential cases in the cohort study (n = 51). The
present study only included children with reported diagnoses in
the Norwegian Patient Registry (white area).
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Statistical analyses

Statistical analyses were performed by using SAS
version 9.2 (SAS Institute, Inc., Cary, NC, USA) soft-
ware for Windows.

Distributions of background characteristics and
exposures were calculated as relative frequencies for
the cohort sample and the nationwide population
separately. To determine whether a variable category
was over-represented or under-represented in the
cohort sample, we estimated the ratio of relative fre-
quencies by dividing the relative frequency for the
variable category in the cohort sample by the corre-
sponding relative frequency in the nationwide popula-
tion. A ratio below 1 indicates an under-representation
of that category in the cohort, whereas a ratio above
1 indicates an overrepresentation. As the cohort
sample is a subsample of the nationwide population,
uncertainties in the ratio estimates were quantified
with 95% CI using a non-parametric bootstrap method
of size 4000.9

The aforementioned procedure was also used to
quantify the magnitude and direction of relative dif-
ferences in ORs for the associations between ASD and
the seven selected exposures. ORs with 95% CI were
estimated separately for the cohort sample and the
nationwide population from logistic regression
models. If an exposure increases the risk of outcome, a
ratio of ORs (ORcohort/ORnationwide) below 1 indicates an
underestimation of the exposure-outcome association
in the cohort sample, whereas a ratio of ORs above 1
indicates an overestimation. This is reversed when the
exposure is protective against the outcome. Very few
women had two or more children (either siblings or
twin sets) with an ASD diagnosis. Given the large
sample size in both the cohort sample and the nation-
wide population, potential intra-individual correlation
due to clustering within families was therefore not
accounted for in the logistic regression analyses.

To investigate how potential overestimation and
underestimation occurred, we also calculated the pro-
portions of participants in the cohort sample within
cells of contingency tables of ASD and each of the
seven selected exposures using the numbers from the
nationwide population as denominators. A cross-
product ratio of these proportions provides a quantity
that is similar to that of the ratio of the unadjusted
ORs.25 The inverse of this cross-product ratio is
referred to as the ‘selection bias OR’ and can be used
to correct the OR estimated in the cohort sample.2

It has been proposed that sample selection may alter
the confounding patterns originally present in the
general population.10 The comparison of ORs in our
study was therefore also performed after adjustment
for the following covariates: year of birth (as a linear
term), maternal age (<25, 25–29, 30–34, and ≥35 years),
paternal age (<30, 30–34, 35–39, and ≥40 years),
marital status (single, cohabiting/married), parity (0,
1, ≥2 previous deliveries), and hospital size (<500,
500–1499, 1500–2999, and ≥3000 births per year).
Because sex was poorly associated with any of the
covariates (i.e. 0.90 ≤ OR ≤ 1.10; Table S1), only the
unadjusted OR for the association between sex and
ASD was presented. For the same reason, we omitted
marital status as a covariate in the analysis of caesar-
ean section history, paternal age in the analysis of
preterm birth, and year of birth in the analysis of low
birthweight. In the analyses of preterm birth and low
birthweight, we instead adjusted the ORs for prenatal
smoking (no, yes), which was associated with both
exposures (Table S1).

To avoid unnecessary loss of statistical power in
regression analyses, missing data in exposures and
covariates were imputed by using a multiple imputa-
tion method.26 We assumed data were missing at
random, i.e. missing data can be recovered by the
help of observed data of the exposures, covariates,
and other baseline data. All effect estimates are pre-
sented based on multiple imputations. Simple impu-
tations (i.e. missing data coded as an individual
category) showed almost similar effect estimates (not
shown).

Results

The proportion of participants in the cohort sample
among all children in the nationwide registry data was
17.7% (89 836/507 856). The overall cumulative inci-
dence of ASD was 0.26% (234/89 836) in the cohort
sample and 0.41% (2072/507 856) in the nationwide
population (Table 1). In both the cohort sample and
the nationwide population, the cumulative incidence
decreased by year of birth. The average age of the
children was 5.5 years for the cohort sample and 7.0
years for the nationwide population.

The mothers participating in the cohort sample
differed from the mothers in the nationwide popula-
tion on several background characteristics and expo-
sures (Table 2). Overall, the cohort sample had an
under-representation of the youngest women (<25
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years), women who had single status, and women
who delivered at hospitals with 1500–2999 births per
year (relative deviations from 28% to 49%). Mothers
who smoked during pregnancy were also under-
represented (relative deviation of 35%), whereas
mothers using prenatal folic acid supplements were
over-represented (relative deviation of 47%). For other
variables, the relative deviation was less than 16%
between the cohort sample and the nationwide popu-
lation (Table 2).

Despite differences in the distribution of ASD,
background characteristics, and exposures, the effect
estimates for exposure-outcome associations were
essentially the same in the cohort sample and the
nationwide population (Table 3). The ratios of the
adjusted ORs in the cohort sample over the adjusted
ORs in the nationwide population were as follows;
primipara pregnancy: 1.39/1.22, prenatal folic acid
use: 0.85/0.86, prenatal smoking: 1.20/1.17, preterm
birth (<37 weeks): 1.48/1.42, low birthweight
(<2500 g): 1.60/1.58, male sex: 4.39/4.59 (unadjusted);
and caesarean section history: 1.03/1.04. The largest
differences in unadjusted and adjusted ORs of ASD
between the cohort sample and the nationwide popu-
lation were observed for primipara pregnancy (rela-
tive deviations of 10% and 14%, respectively).

Year of birth was an important adjustment variable
for the association of prenatal folic acid use and prena-
tal smoking with ASD (not shown). In addition to
being inversely related to ASD risk during the study
period (Table 1), year of birth was also strongly associ-
ated with increased prenatal folic acid use and
decreased prenatal smoking in both the cohort sample
and the nationwide population (Table S1).

As expected, the cross-product ratio of individual
cell proportions of participants within each contin-
gency table of the dichotomous exposure and
outcome was equal to the corresponding ratio of
unadjusted ORs in Table 3 (Table 4). Furthermore, the
ratio of participation of ASD cases over non-cases
appeared to be similar across exposure categories for
all seven exposures (overall ratio 0.64; range: 0.60–
0.70), suggesting that the associations between partici-
pation and the exposures were not modified by ASD
outcomes.

We also performed analyses of bias in the seven
exposure-outcome associations after excluding multi-
ple births. In these analyses, relative differences in
ORs of ASD between the cohort sample and the
nationwide population were slightly increased for
preterm birth and low birthweight compared with
the analyses that included multiple births (Table 5).

Comment

This study examined the potential effects of self-
selection on seven exposure-outcome associations in
the MoBa cohort and its substudy of ASD, the ABC
study. Despite under- and over-representation of
several exposures in the cohort, all effect estimates of
exposure-outcome associations deviated less than 16%
from those estimated in the nationwide population
comprising all children born in Norway in the same
time period. Even for prenatal folic acid use and
prenatal smoking, which were strongly over- and
under-represented in the cohort, bias in risk estimates
was minimal. These findings are consistent with
those of previous prospective cohort studies8–10 and

Table 1. Cumulative incidence of autism spectrum disorders in the Autism Birth Cohort study and the Medical Birth Registry of
Norway

Year of birth

Medical Birth Registry of Norway Autism Birth Cohort study

Children ASDs (%)a Age (range)b Children ASDs (%)a Age (range)b

All years 507 856 2072 (0.41) 7.0 (3–11) 89 836 234 (0.26) 5.5 (3–11)
1999–2001 170 521 999 (0.59) 10.0 (9–11) 6 396 26 (0.41) 9.4 (9–11)
2002–2004 165 960 731 (0.44) 7.0 (6–8) 34 736 140 (0.40) 6.9 (6–8)
2005–2007 171 375 342 (0.20) 4.0 (3–5) 48 704 68 (0.14) 4.0 (3–5)

aDiagnoses from the Norwegian Patient Registry were last updated on 31 December 2010.
bAge of children was estimated as the mean difference between 2010 and year of birth, weighted by the relative year-of-birth
frequencies.
ASDs, autism spectrum disorders.
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Table 2. Comparison of baseline data in the Autism Birth Cohort study with the same baseline data in the Medical Birth Registry
of Norway

Baseline data
Medical Birth Registry

of Norway (%)a

Autism Birth Cohort
study (%)b

Ratio of relative
frequencies [95% CI]c

All children 507 856 (100) 89 836 (100)
Maternal age (years)

<25 86 212 (17.0) 10 413 (11.6) 0.68 [0.67, 0.69]
25–29 167 802 (33.0) 29 592 (32.9) 1.00 [0.99, 1.01]
30–34 170 721 (33.6) 34 506 (38.4) 1.14 [1.13, 1.15]
≥35 83 117 (16.4) 15 325 (17.1) 1.04 [1.03, 1.06]

Paternal age (years)
<30 160 265 (31.6) 24 939 (27.8) 0.88 [0.87, 0.89]
30–34 177 362 (34.9) 34 663 (38.6) 1.10 [1.10, 1.11]
35–39 109 512 (21.6) 21 026 (23.4) 1.09 [1.07, 1.10]
≥40 57 284 (11.3) 8 947 (10.0) 0.88 [0.87, 0.90]

Marital status
Cohabiting/married 467 999 (92.2) 86 232 (96.0) 1.04 [1.04, 1.04]
Single/other 39 857 (7.8) 3 604 (4.0) 0.51 [0.50, 0.53]

Parity (number of previous births)
0 207 454 (40.8) 39 298 (43.7) 1.07 [1.06, 1.08]
1 181 469 (35.7) 32 309 (36.0) 1.01 [1.00, 1.01]
≥2 118 933 (23.4) 18 229 (20.3) 0.87 [0.86, 0.88]

Caesarean section historyd

Yes 41 279 (13.7) 7 116 (14.1) 1.02 [1.01, 1.04]
Hospital size (births per year)

<500 56 583 (11.1) 10 823 (12.0) 1.08 [1.07, 1.10]
500–1499 121 880 (24.0) 22 456 (25.0) 1.04 [1.03, 1.05]
1500–2999 143 060 (28.2) 18 327 (20.4) 0.72 [0.72, 0.73]
≥3000 186 333 (36.7) 38 230 (42.6) 1.16 [1.15, 1.17]

Prenatal smoking
Missing 83 843 (16.5) 14 134 (15.7) 0.95 [0.94, 0.97]
No 335 749 (66.1) 65 568 (73.0) 1.10 [1.10, 1.11]
Yes 88 264 (17.4) 10 134 (11.3) 0.65 [0.64, 0.66]

Prenatal folic acid use
Yes 193 315 (38.1) 50 409 (56.1) 1.47 [1.47, 1.48]

Pre-eclampsia
Yes 21 656 (4.3) 3 688 (4.1) 0.96 [0.94, 0.99]

Preterm birth (<37 weeks)
Yes 34 337 (6.8) 5 736 (6.4) 0.94 [0.92, 0.97]

Low birthweight (<2500 g)
Yes 24 189 (4.8) 3 852 (4.3) 0.90 [0.88, 0.93]

Offspring sex
Male 260 296 (51.3) 45 907 (51.1) 1.00 [0.99, 1.00]

Multiple birth
Yes 18 232 (3.6) 3 160 (3.5) 0.98 [0.95, 1.01]

aColumn frequencies; information was missing for 4 children on maternal age, 3433 children on paternal age, 3270 children on preterm
birth, and 635 children on low birthweight.
bColumn frequencies; information was missing for 261 children on paternal age, 352 children on preterm birth, and 59 children on low
birthweight.
cThe ratio of relative frequencies in the Autism Birth Cohort study to the relative frequencies in the Medical Birth Registry of Norway;
95% confidence interval was corrected for interdependency between samples by using a non-parametric bootstrap method.
dAnalyses included only women with one or more previous births (Medical Birth Registry of Norway: 1113 autism spectrum disorders
cases among 300 402 children; Autism Birth Cohort study: 113 autism spectrum disorders cases among 50 538 children).
CI, confidence interval.
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demonstrate that large prospective studies are gener-
ally robust against bias arising from initial participa-
tion and self-selection.

The unique contribution of the present study is the
ability to compare effect estimates between cohort
participants and children in a whole country, using
exposure and diagnosis data from the exact same
sources. Many studies addressing self-selection and
low participation in epidemiological studies usually
assess difference in prevalence estimates of exposures
and outcome between participants and non-
participants, and not the differences in the estimates
of exposure-outcome associations. Although differ-
ences in prevalence may point to the direction of non-
representativeness, such findings are generally not
adequate to reliably determine whether selection bias
has affected the effect estimates.8–10

The findings of the present study may be
generalisable to other prospective ASD studies, but
some caution is warranted. Because ORs in the
cohort sample are validated against ORs in the nation-
wide population, we assume that the nationwide
population provides the results closest to the truth.
This assumption may not hold if exposures are
reported differently for cohort participants than for
the nationwide population overall. Furthermore, for
small studies, random sampling variation will be

greater than that seen in this study. Therefore, preci-
sion of estimates will be lower, and deviations in
effect estimates may be due to random error and not
necessarily due to selection bias. Additionally, our
analyses pertain to self-selection into the cohort, and
all of the exposures are ascertained before or at birth.
Continued participation may involve a different set of
selection factors, and exposures ascertained at a later
age may or may not follow this pattern. Therefore,
potential bias may still be present in other exposure-
outcome associations than those studied here.

Data on ASD diagnoses were only available from
2008 onwards. If a child was diagnosed with ASD
before 2008 and had not been in contact with special-
ist health services in 2008 or later, the ASD diagnosis
would not have been recorded for that child in the
NPR.13 However, given that ASD data were collected
from the joint NPR database and we only considered
NPR diagnoses for this study, the proportions of undi-
agnosed cases are likely to be equal for both the
cohort sample and the nationwide population, and
may thus not have influenced the comparison of effect
estimates between them. Notably, if the ASD diagnosis
was first made before 2008, contact with specialist
health services subsequent to the initial diagnosis will
provide additional opportunities to capture ASD diag-
nostic codes in the NPR.

Table 3. Comparison of unadjusted and adjusted odds ratios of autism spectrum disorders in the Autism Birth Cohort study with the
same unadjusted and adjusted odds ratios in the Medical Birth Registry of Norway

Exposuresa

Medical Birth Registry of Norway Autism Birth Cohort study
Ratio of

unadjusted
OR [95% CI]c

Ratio of
adjusted

OR [95% CI]c

Unadjusted OR
[95% CI]b

Adjusted OR
[95% CI]b

Unadjusted OR
[95% CI]b

Adjusted OR
[95% CI]b

Primipara pregnancy 1.25 [1.15, 1.36] 1.22 [1.11, 1.34] 1.38 [1.07, 1.78] 1.39 [1.05, 1.85] 1.10 [0.86, 1.40] 1.14 [0.87, 1.50]
Prenatal folic acid use 0.69 [0.62, 0.75] 0.86 [0.78, 0.95] 0.72 [0.56, 0.93] 0.85 [0.65, 1.11] 1.05 [0.83, 1.33] 0.99 [0.77, 1.27]
Prenatal smoking 1.29 [1.16, 1.45] 1.17 [1.04, 1.31] 1.35 [0.96, 1.91] 1.20 [0.84, 1.71] 1.05 [0.74, 1.41] 1.03 [0.71, 1.39]
Preterm birth (<37 weeks) 1.48 [1.28, 1.72] 1.42 [1.23, 1.65] 1.59 [1.03, 2.45] 1.48 [0.96, 2.29] 1.07 [0.66, 1.54] 1.04 [0.64, 1.48]
Low birthweight (<2500 g) 1.70 [1.44, 1.99] 1.58 [1.34, 1.86] 1.75 [1.07, 2.87] 1.60 [0.97, 2.63] 1.03 [0.59, 1.57] 1.01 [0.57, 1.55]
Male sex 4.59 [4.10, 5.15] 4.39 [3.14, 6.13] 0.96 [0.72, 1.36]
Caesarean section historyd 1.01 [0.85, 1.20] 1.04 [0.87, 1.23] 1.01 [0.59, 1.71] 1.03 [0.60, 1.74] 1.00 [0.55, 1.59] 0.99 [0.55, 1.59]

aReference categories for odds ratios were multipara pregnancy, no prenatal folic acid use, no prenatal smoking, term birth (≥37 weeks),
normal birthweight (≥2500 g), female sex, and no caesarean section history.
bThe odds ratios were estimated using logistic regression models and adjusted for the covariates as described in the Methods section.
Missing exposure and covariate data were imputed by using a multiple imputation method.
cThe ratio of the odds ratio in the Autism Birth Cohort study over the odds ratio in the Medical Birth Registry of Norway; 95%
confidence interval was corrected for interdependency between samples by using a non-parametric bootstrap method.
dAnalyses included only women with one or more previous births (Medical Birth Registry of Norway: 1113 autism spectrum disorders
cases among 300 402 children; Autism Birth Cohort Study: 113 autism spectrum disorders cases among 50 538 children).
CI, confidence interval; OR, odds ratio.
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The average age of children at the end of follow-up
was 5.5 years in the cohort sample and 7.0 years in the
nationwide population. In Norway, ASDs and particu-
larly Asperger’s syndrome are often diagnosed after
the age of 6 years.13 Consequently, the cumulative inci-
dence of ASD in our study was lower among the
younger children, and the overall cumulative inci-
dence was lower in the cohort sample than in the
nationwide population (0.26% vs. 0.41%). The lower
mean age of children in MoBa was attributable to the
fact that only a few hospitals were included during
the initial phase of recruitment in 1999–2001.9,11

Mothers participating in MoBa have healthier life-
style patterns and higher socio-economic status than
the nationwide population.9,11 If these factors also are
strongly associated with both the exposure and
outcome under study, such selection might induce

selection bias and alter confounding patterns origi-
nally present in the nationwide population.10 In the
present analysis, we adjusted the effect estimates for
several available covariates that were associated with
the exposure of interest (Table S1). Year of birth influ-
enced the effect estimates of prenatal smoking and
prenatal folic acid use, but adjustment for this and
other covariates did not change the relative difference
in any of the estimated ORs, suggesting that con-
founding patterns were approximately the same in the
cohort sample and the nationwide population.10

Consistent with previous reports, results from the
cohort sample and the nationwide population showed
that the risk of ASD was increased for boys,17,18 first-
born children,19 children born with birthweight below
2500 g,20,21 children born before gestational week
37,22,23 and children whose mothers smoked during

Table 4. Proportions of participation in the Autism Birth Cohort study as a fraction of the Medical Birth Registry of Norway within
contingency tables of autism spectrum disorders and seven selected exposures

Exposures

Autism Birth Cohort study

Ratio of row proportionsa Cross product ratiobNon-ASDs (%) ASDs (%)

All children 17.7 11.3 0.64
Primipara pregnancy 1.10

No 16.8 10.2 0.61
Yes 19.0 12.7 0.67

Prenatal folic acid use 1.05
No 12.6 8.37 0.66
Yes 26.1 18.2 0.70

Prenatal smoking 1.05
No 19.2 12.4 0.64
Yes 12.1 8.17 0.67

Preterm birth (<37 weeks) 1.07
No 17.8 11.3 0.63
Yes 16.7 11.4 0.68

Low birthweight (<2500 g) 1.03
No 17.8 11.4 0.64
Yes 16.0 10.5 0.66

Offspring sex 0.96
Female 17.8 11.8 0.66
Male 17.7 11.2 0.63

Caesarean section historyc 1.00
No 16.8 10.1 0.60
Yes 17.3 10.4 0.60

aRatio of proportions between cases and non-cases of autism spectrum disorders within exposure categories.
bCross-product ratio of individual cell proportions within the contingency table of the dichotomous exposure and outcome. The
cross-product ratio is equivalent to the ratio of unadjusted odds ratios in Table 3. Missing exposure data were imputed by using a
multiple imputation method.
cAnalyses included only women with one or more previous births (Medical Birth Registry of Norway: 1113 autism spectrum disorders
cases among 300 402 children; Autism Birth Cohort study: 113 autism spectrum disorders cases among 50 538 children).
ASDs, autism spectrum disorders.
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pregnancy.24 In the cohort sample, CI of ORs over-
lapped with 1 for prenatal smoking, preterm birth,
and low birthweight, possibly because of low statisti-
cal power.

We further observed that maternal prenatal folic
acid supplement use was associated with a 14–17%
adjusted risk reduction for ASD (although CI over-
lapped with 1 in the cohort sample). It should be
noted that the MBRN does not comprise precise infor-
mation on timing, dose or frequency of folic acid sup-
plement use, and that there is also under-reporting of
folic acid use in the registry.27 Studies using detailed
supplementation data from MoBa-specific question-
naires have found substantially stronger associations
between maternal folic acid use and the children’s risk
of ASD,27,28 particularly when folic acid supplements
are used within the time interval lasting from 4 weeks
before to 8 weeks after the start of pregnancy
(approximately 45% risk reduction). Associations of
ASD with prenatal folic acid use and maternal folate
status during pregnancy have also been reported by
others,29 but the results are not conclusive.30

In conclusion, this is the first study known to
compare effect estimates of exposure-outcome asso-
ciations from participants in a large prospective study
of ASD to similar effect estimates calculated for all

liveborn children born in the same country and in the
same time period. Our results show that unbiased
estimates of associations can be achieved even though
the marginal distributions of ASD and exposures vari-
ables differ between cohort participants (the ABC
study) and the source population from which the
cohort was recruited.
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Table 5. Comparison of unadjusted and adjusted odds ratios of autism spectrum disorders among singleton pregnancies in the Autism
Birth Cohort study with the same unadjusted and adjusted odds ratios in the Medical Birth Registry of Norway

Exposuresa

Medical Birth Registry of Norway Autism Birth Cohort study
Ratio of

unadjusted
OR [95% CI]c

Ratio of
adjusted

OR [95% CI]c

Unadjusted OR
[95% CI]b

Adjusted OR
[95% CI]b

Unadjusted OR
[95% CI]b

Adjusted OR
[95% CI]b

Primipara pregnancy 1.27 [1.16, 1.39] 1.23 [1.11, 1.35] 1.40 [1.08, 1.82] 1.41 [1.06, 1.89] 1.10 [0.86, 1.42] 1.15 [0.88, 1.51]
Prenatal folic acid use 0.66 [0.60, 0.73] 0.84 [0.76, 0.93] 0.70 [0.54, 0.90] 0.83 [0.63, 1.10] 1.06 [0.82, 1.34] 1.00 [0.77, 1.28]
Prenatal smoking 1.31 [1.17, 1.46] 1.17 [1.04, 1.33] 1.37 [0.97, 1.95] 1.20 [0.84, 1.72] 1.05 [0.74, 1.41] 1.02 [0.71, 1.38]
Preterm birth (<37 weeks) 1.57 [1.34, 1.85] 1.49 [1.27, 1.76] 1.82 [1.14, 2.91] 1.67 [1.04, 2.68] 1.16 [0.68, 1.71] 1.11 [0.66, 1.66]
Low birthweight (<2500 g) 1.85 [1.53, 2.22] 1.70 [1.41, 2.05] 2.08 [1.19, 3.64] 1.84 [1.05, 3.24] 1.12 [0.58, 1.77] 1.08 [0.56, 1.73]
Male sex 4.63 [4.12, 5.21] 4.72 [3.33, 6.69] 1.02 [0.75, 1.48]
Caesarean section historyd 0.95 [0.79, 1.13] 0.98 [0.82, 1.17] 0.99 [0.57, 1.70] 1.00 [0.58, 1.73] 1.04 [0.54, 1.67] 1.02 [0.53, 1.64]

aReference categories for odds ratios were multipara pregnancy, no prenatal folic acid use, no prenatal smoking, term birth (≥37 weeks),
normal birthweight (≥2500 g), female sex, and no caesarean section history.
bThe odds ratios were estimated using logistic regression models and adjusted for the covariates as described in the Methods section.
Missing exposure and covariate data were imputed by using a multiple imputation method.
cThe ratio of the odds ratio in the Autism Birth Cohort study over the odds ratio in the Medical Birth Registry of Norway; 95%
confidence interval was corrected for interdependency between samples by using a non-parametric bootstrap method.
dAnalyses included only women with one or more previous births (Medical Birth Registry of Norway: 1060 ASD cases among 290 311
children; Autism Birth Cohort study: 108 ASD cases among 48 883 children).
ASD, autism spectrum disorders; CI, confidence interval; OR, odds ratio.
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Table S1. Effect estimates of the association of
potential confounders with the seven exposures
selected for bias analyses in the Autism Birth Cohort
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