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Abstract

Low Apgar score has been associated with higher risk for several neurological and psychiatric disorders, including cerebral
palsy and intellectual disability. Studies of the association between Apgar score and autism spectrum disorder (ASD) have
been inconsistent. We aimed to investigate (1) the association between low Apgar score at 5 min and risk for ASD, and (2)
the modifying effects of gestational age and sex on this association in the largest multinational database of ASD. We
included prospective data from 5.5 million individuals and over 33,000 cases of ASD from Norway, Sweden, Denmark and
Western Australia who were born between 1984 and 2007. We calculated crude and adjusted risk ratios (RR) with 95%
confidence intervals (95% ClIs) for the associations between low Apgar score and ASD. All analyses for ASD were
repeated for autistic disorder (AD). We used interaction terms and stratified analysis to investigate the effects of sex,
gestational age, and birth weight on the association. In fully adjusted models, low Apgar scores (1-3) (RR, 1.42; 95% CI,
1.16-1.74), and intermediate Apgar scores (4-6) (RR, 1.50; 95% CI, 1.36—1.65) were associated with a higher RR of ASD
than optimal Apgar score (7-10). The point estimates for low (RR, 1.88; 95% CI, 1.41-2.51) and intermediate Apgar score
(RR, 1.54; 95% CI, 1.32-1.81) were larger for AD than for ASD. This study suggests that low Apgar score is associated
with higher risk of ASD, and in particular AD. We did not observe any major modifying effects of gestational age and sex,
although there seems to be substantial confounding by gestational age and birth weight on the observed association.
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Introduction assesses the neonatal well-being status based on heart rate,
respiration, color, muscle tone, and reflex irritability after
delivery. It is assessed ubiquitously in every newborn

around the world and therefore can be considered an

The etiology of autism spectrum disorder (ASD) is still
poorly understood. Evidence implies a strong genetic

component for ASD [1], but a key role for the environment
and its interaction with genetic factors has also been sug-
gested [2, 3]. Several population-based studies and subse-
quent meta-analyses suggest that birth complications are
associated with an increased risk of ASD [4-9].

Apgar score is a common tool for assessment of health
status in the immediate neonatal period [10]. This measure
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invaluable, if not optimal source of information about
neonatal status immediately after birth. Several studies
have shown low Apgar score to be affected by anoxia,
infection, prematurity, maternal sedation, or trauma
[10-13]. Since its introduction in 1953 by Virginia Apgar,
numerous studies have tried to establish the utility of Apgar
score for prediction of long-term morbidity and mortality
[14]. Despite its overall suboptimal reliability [15], the
American Academy of Pediatrics and the American
Academy of Obstetricians and Gynecologists in their 2015
statement concluded “monitoring of low Apgar scores
from a delivery service may be useful” [10]. Low 5 min
Apgar score in particular has been associated with
increased risk of early postnatal mortality, cerebral palsy
(CP), seizure and mental retardation [4, 16—-19]. Studies
investigating the association between Apgar score and
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ASD risk have had mixed results [5-7, 20-24]. In a meta-
analysis of six population-based studies with a total of
370,173 individuals, we found a slightly increased risk of
ASD (OR, 1.67; 95% CI, 1.34-2.09) in subjects with a
5-min Apgar score < 7 [25]. However, meta-analyses are
frequently limited by factors such as statistical hetero-
geneity, publication bias, and underreporting of null stud-
ies. In particular, studies included in our meta-analysis did
not examine the association between Apgar score and ASD
across the entire range of the Apgar score, and relied on
different cut-off scores to define the “low Apgar score”.
Moreover, the studies used different designs and varying
set of variables as potential covariates/confounders in the
adjusted analysis, which makes the pooled estimates dif-
ficult to interpret. Because both ASD and low Apgar score
(< 4) are rare events, earlier attempts to address this
association has also been hampered by limited sample size.

In addition, in previous studies of ASD and Apgar score,
effects of potential modifiers like sex and gestational age
have not received adequate attention. Both sex and gesta-
tional age are important determinants of birth outcomes,
and, at the same time, key factors in modifying the risk of
ASD [20, 26-29]. Moreover, sex modifies phenotypic
characteristics and comorbid condition in patients with
ASD [26, 28]. Importantly, in patients with ASD, females
are at higher risk of developing comorbid epilepsy and
intellectual disability (ID) [26, 28] two conditions that have
frequently been associated with low Apgar score [4, 30]. It
is therefore important to investigate the modifying effects
of gestational age and sex on the association between
Apgar score and risk of ASD.

The primary aim of this study was to test for an asso-
ciation between low Apgar score and the risk of ASD. The
secondary objective, which was made possible by the
uniquely large sample size, was to assess the effect of
gestational age, sex, and ASD diagnostic subtype on the
relationship between ASD and Apgar score.

Methods
Study design

The current study uses birth characteristics and ASD
diagnoses from Norway, Sweden, Denmark, and Western
Australia available from the International Collaboration for
Autism Registry Epidemiology (iCARE) [31]. iCARE
combines population based national birth cohorts with
essentially complete follow-up of clinical diagnoses of
autism. The data in iCARE are provided with ethical
approvals for data access as well as waivers for informed
consent since all data are register-based and the registered
persons were not contacted.
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Study population

The study population comprised all children born from
1984 to 2007 for Sweden, from 1987 to 2007 for Denmark,
from 1984 to 2005 for Norway, and from 1984 to 1999 for
Western Australia. Children who died before 1 year of age
were excluded from the sample.

Exposure, outcome, and covariates

The primary exposure variable in the present study was the
Apgar score at 5 min, which is a more reliable predictor of
morbidity and mortality than 1-min Apgar score [10, 17].
This is biologically plausible, because children who show
lower scores at 5 min (compared to 1 min) are more likely
to have a serious condition that precluded their successful
resuscitation [10]. Apgar score was treated as continuous
(for testing quadratic term), as individual scores over 10
categories (for calculating individual estimates), or as
categorical within categories of 1-3, 4-6, and 7-10 (ref-
erence group). The 3 categories (1-3, 4-6, 7-10) were
chosen based on the most common categorization found in
the scientific literature [11, 17, 25], with the exception that
children with Apgar score of zero were not included in the
analysis, because reporting of Apgar score of zero was
missing in Western Australia, while in Denmark an Apgar
score of zero sometimes indicated a transfer to the inten-
sive care unit immediately after birth [30, 32, 33].
Diagnostic information for the Danish and Swedish
populations was derived from health registries whereas in
the Norwegian and Western Australian populations, it was
extracted from government-maintained service/benefits
registries. In Denmark, The International Classification of
Diseases, Eighth Revision (ICD-8) was used for diagnosing
ASD from 1966 to 1993 followed by ICD-10 from 1993
forward. Child psychiatrists were in charge of making the
diagnosis of ASD in all cases. ASD diagnosis is not vali-
dated in Denmark, but the validity is believed to be gen-
erally high [34]. In Norway, Norwegian National Insurance
System (NNIS) contains all the diagnosed cases of ASD
made by a child psychiatrist or a paediatrician. A validation
study by the Norwegian Specialist Health Services whose
data is derived from NNIS found that 97% of registered
cases met the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) criteria for ASD [35]. In
Sweden diagnosis of ASD is usually made by a child
psychiatrist. In a validation study conducted in Stockholm
County, 96% of cases of ASD were verified [36]. In
Western Australia, for children with ASD to be eligible for
early intervention, the diagnosis of ASD needs to be con-
firmed by a multidisciplinary team. There is no specific
validation study of ASD diagnosis in Western Australia.
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Further details of harmonization of ASD diagnosis along
with diagnostic codes, case identification, reliability and
registry reporting procedures have been described in detail
elsewhere [See Ref. [31] and Appendix B in Ref. [36]].

Data regarding 5 min Apgar score, maternal age,
paternal age, gestational age, sex, birth weight, and birth
multiplicity were derived from birth or civil registries [31].

Birth year (1984-1988, 1989-1993, 1994-1998,
1999-2003 and 2004-2007) and site (Denmark, Norway,
Sweden, Western Australia) were considered as mandatory
covariates in all models. Other potentially confounding
covariates were maternal age (categories of < 19, 20-24,
25-29, 30-34, 35-39, and > 40 years), paternal age (cat-
egories of < 19, 20-24, 25-29, 30-34, 35-39, 40-44,
and > 45 years), multiple birth, sex, gestational age (pre-
term < 36, term 37-40, and post-term > 41 weeks), and
birth  weight (< 1000, 1000-1499,  1500-2499,
2500-3999, > 4000 g). Gestational age and sex were also
considered as potential effect modifiers.

Statistical analysis

We fitted log binomial regression in generalized linear
models to calculate relative risk (RR) and two-sided 95%
Wald-type confidence intervals (95% CI) for the associa-
tion between Apgar score and ASD. We ran four models.
In model 1, we adjusted only for site and birth year. We
fitted three additional models with increasing degree of
control for covariates. In model 2, we adjusted for variables
in model 1 along with maternal and paternal age and sex. In
model 3 we adjusted for the variables in model 2 plus
gestational age. In model 4, we adjusted for the variables in
model 3 plus birth weight. All analyses were done on a
dataset with complete information for all model covariates.

We calculated RRs (95% Cls) for the associations
between ASD and both three-level and ten-level categories
of Apgar score. In the analyses of the three-level cate-
gories, results were presented for the three groups of low
(1-3) and intermediate (4—6) with the optimal Apgar score
(7-10) being the reference group. We complemented the
analysis using categories of Apgar score with analysing the
association between continuous Apgar score and risk of
ASD. In the analyses of 10-level categories, results were
presented in nine categories with Apgar score of 10 being
the reference group. We further examined the shape of the
association of individual Apgar scores on a continuous
scale by including a quadratic term in the regression
models, and performed a statistical test if this term was
larger than zero. To rule out the possible effect of multiple
gestations on the analyses, we reanalysed the data by
restricting the analyses to singleton births only.

To investigate the effect modification by sex and ges-
tational age we conducted subgroup analyses by stratifying
by gestational age (< 36, 37-40 and > 41 weeks), and
sex. To assess the degree of modification by sex and ges-
tational age we compared the RR of ASD in neonates with
low versus high Apgar score between male and female
offspring, and the RR of ASD in neonates with low versus
high Apgar score between preterm, term, and post-term
born children. We included an interaction term for Apgar
score by sex or Apgar score by gestational age in respective
models. In sensitivity analysis, all analyses for ASD were
repeated for autistic disorder (AD), the most severe form of
ASD often with intellectual disability as co-morbid diag-
nosis, as the outcome (Supplementary material).

All tests of statistical hypothesis were made on the two-
sided 5% level of significance. No adjustment for multi-
plicity of statistical tests was made.

Results

The study population of 1-year survivors comprised of
5,582,360 individuals. We excluded 4171 (0.1%) with zero
5-min Apgar score and an additional 59,338 (1.1%) with
missing 5 min-Apgar score. Of the remaining 5,518,851
individuals, 184,076 (3.3%) had missing data on one or
more covariates yielding 5,341,203 subjects (Denmark,
1,480,707; Norway, 1,130,453; Sweden, 2,375,502; and
Western Australia, 354,541) included for analysis. These
included 8,430 (0.16%) individuals with low (Apgar score
1-3), 39,234 (0.73%) individuals with intermediate (Apgar
score 4-6), and 5,293,539 (99.11%) individuals with
optimal Apgar score (Apgar score 7—-10). There were
33,244 children with ASD (0.62%) and 11,543 (0.22%)
with AD specifically. Table 1 summarizes distribution of
cases and covariates by Apgar score categories.

Association between three categories of Apgar
score and ASD

In model 1, low (RR, 1.76; 95% CI, 1.44-2.16) and
intermediate (RR, 1.84; 95% CI, 1.67-2.02) Apgar scores
were associated with a higher RR of ASD compared to
optimal Apgar score in the basic model. Adjusting for
confounders (models 2—4) reduced the RR estimates by
about 20% in the fully adjusted model mostly after also
adjusting for gestational age and birth weight (models 3
and 4). Restricting the analyses to singleton births had only
minimal effects in the estimates of RR (Table 2).
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Table 1 Covariate distribution

by Apgar score

Association between individual Apgar scores

and ASD

From graphical evaluation (Fig. 1), there risk for ASD was
almost unchanged from Apgar score 1-4, and decreased
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Variables Apgar score

Low (1-3) Intermediate (4-6) Optimal (7-10)
Birth (N) 8430 39,234 5,293,539
ASD [N (%)] 92 (1.09) 409 (1.04) 32,743 (0.62)
AD only [N (%)] 46 (0.55) 161 (0.41) 11,336 (0.21)

Birth year, intervals [N (%)]

1984-1988
1989-1993
1994-1998
1999-2003
2004-2007
Site [N (%)]
Denmark
Norway

Sweden

Western Australia
Sex, Female [N (%)]

2006 (23.80)
1908 (22.63)
1840 (21.83)
1520 (18.03)
1156 (13.71)

1313 (15.58)
1396 (16.56)
5277 (62.60)
444 (5.27)

3828 (45.41)

Maternal age, intervals, years [N (%)]

<19 204 (2.42)
20-24 1449 (17.19)
25-29 2845 (33.75)
30-34 2509 (29.76)
35-39 1175 (13.94)
> 40 248 (2.94)
Paternal age, intervals, years [N (%)]
<19 65 (0.77)
20-24 756 (8.97)
25-29 2329 (27.63)
30-34 2676 (31.74)
35-39 1614 (19.15)
40-44 671 (7.96)
> 45 319 (3.78)
Gestational age, weeks [N (%)]
<36 2505 (29.72)
37-40 3982 (47.24)
> 41 1943 (23.05)
Birth weight, g [N (%)]
< 1000 640 (7.59)
1000-1499 486 (5.77)
1500-2499 1111 (13.18)
2500-3999 4972 (58.98)
> 4000 1221 (14.48)

8092 (20.62)
8836 (22.52)
8384 (21.37)
8319 (21.20)
5603 (14.28)

7411 (18.89)
8717 (22.22)
18,915 (48.12)
4191 (10.68)
16,810 (42.85)

1005 (2.56)
6966 (17.76)
13,542 (34.52)
11,434 (29.14)
5180 (13.20)
1107 (2.82)

252 (0.64)
3841 (9.79)
11,101 (28.29)
12,445 (31.72)
7257 (18.50)
2935 (7.48)
1403 (3.58)

10,247 (26.12)
18,813 (47.95)
10,174 (25.93)

1906 (4.86)
1891 (4.82)
5169 (13.17)
24,065 (61.34)
6203 (15.81)

1,069,112 (20.20)
1,250,702 (23.63)
1,160,123 (21.92)
1,058,272 (19.99)
755,330 (14.27)

1,471,983 (27.81)
1,120,340 (21.16)
2,351,310 (44.42)
349,906 (6.61)

2,577,784 (48.70)

109,313 (2.07)
906,409 (17.12)
1,896,874 (35.83)
1,614,498 (30.50)
648,005 (12.24)
118,440 (2.24)

28,253 (0.53)
448,661 (8.48)
1,481,302 (27.98)
1,784,391 (33.71)
1,020,575 (19.28)
373,821 (7.06)
156,536 (2.96)

306,734 (5.79)
3,616,704 (68.32)
1,370,101 (25.88)

7624 (0.14)
21,564 (0.41)
196,433 (3.71)
4,095,304 (77.36)
972,614 (18.37)

ASD autism spectrum disorder, N number

risk thereafter in an almost linear fashion with increasing
Apgar scores. This reverse U shape relationship was sup-
ported by a statistically significant quadratic term in fully
adjusted models (p value for the quadratic term < 0.001).
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Table 2 Risk of ASD by Apgar score

Apgar score

Prevalence cases/number of children (%)

All births, RR (95% CI)

Model 2°

Model 3¢

Model 4¢

Model 1*
N = 5,341,203
1-3 92/8430 (1.09)
4-6 409/39,234 (1.04)
7-10 (ref) 32,743/5293,539 (0.62)

1.76 (1.44-2.16) 1.70 (1.39-2.09)
1.84 (1.67-2.02) 1.72 (1.56-1.90)

1.00 1.00

1.57 (1.29-1.93)
1.61 (1.46-1.78)
1.00

1.42 (1.16-1.74)
1.50 (1.36-1.65)
1.00

Apgar score

Prevalence cases/number of children (%)

Singleton births only RR (95% CI)

Model 2

Model 3

Model 4

1.79 (1.45-2.21) 1.72 (1.39-2.12)

1.58 (1.28-1.95)

1.43 (1.15-1.76)

Model 1
N = 5,196,250
1-3 86/7769 (1.11)
4-6 385/36,204 (1.06)
7-10 (ref) 31,812/5144,511 (0.62) 1.00

1.88 (1.70-2.07)

1.76 (1.59-1.94) 1.65 (1.49-1.82) 1.53 (1.38-1.69)
1.00 1.00 1.00

The estimates are RR (95% CI)

ASD Autism spectrum disorder, N number, RR relative risk, 95% CI 95% confidence intervals

*Adjusted for site and birth year

"Adjusted for site, birth year, and maternal and paternal age, sex

“Adjusted for site, birth year, and maternal and paternal age, sex, and gestational age

9Adjusted for site, birth year, and maternal and paternal age, sex, gestational age, and birth weight

Fig. 1 Risk ratio and 95% 8-

. —_ 8
confidence intervals for the ) ASD AD
o e . P ©
association between individual 2
Apgar scores and autism g
spectrum disorder (ASD) and ° 41 4-
autistic disorder (AD). e
Reference group is Apgar score é
of 10 s 21 2
o
X
uwn
a
.g 1 T T T T T T 1 1+ T T T T T T )
& 2 3 4 5 7 8 9 1 2 3 4 5 6 7 8 9
-
2
[
0.5 5-minute APGAR score 0.5 - 5-minute APGAR score

Effect of sex

Stratification by sex indicated a slightly higher risk asso-
ciated with low and intermediate Apgar score in females
compared with males (Table 3). The interaction term was
statistically significant in the fully adjusted model, showing
that the slope of the association between Apgar score and
risk of ASD was statistically significantly steeper for
females than males. p value for the Wald’s test of inter-
action in fully adjusted model was 0.014).

Effect of gestational age

There was modest support for effect-modification by ges-
tational age on the association between Apgar score and
ASD in all but fully adjusted models (Table 4). Impor-
tantly, among strata of gestational age, only in preterm
infants did birth weight show a marked confounding effect,
reducing the RRs by more than 20% (Table 4). However
after adjusting for birth weight, the Wald’s test for inter-
action lost statistical significance (p value = 0.353 for
ASD).
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Table 3 Risk of ASD by Apgar score stratified by sex

Apgar score Prevalence cases/number of children (%)

Females, RR (95% CI)

Model 1*

Model 2°

Model 3¢

N =2,602,333

1-3 30/3828 (0.78)

4-6 100/16,710 (0.59)
7-10 (ref) 8068/2,569,716 (0.31)

2.28 (1.59-3.25)
2.05 (1.68-2.50)
1.00

2.02 (1.42-2.89)
1.84 (1.51-2.24)
1.00

1.78 (1.24-2.56)
1.65 (1.35-2.02)
1.00

Apgar score Prevalence cases/number of children (%)

Males, RR (95% CI)

Model 1

Model 2

Model 3

N = 2,747,017

1-3 62/4602 (1.35)

46 309/22,424 (1.38)

7-10 (ref) 24,675/2,715,755 (0.91)

1.54 (1.20-1.97)
1.66 (1.48-1.85)
1.00

1.43 (1.11-1.83)
1.56 (1.39-1.74)
1.00

1.30 (1.01-1.66)
1.46 (1.30-1.63)
1.00

The estimates are RR (95% CI)

ASD Autism spectrum disorder, N number, RR relative risk, 95% CI 95% confidence intervals

*Adjusted for site and birth year

"Adjusted for site, birth year, and maternal and paternal age, and gestational age

“Adjusted for site, birth year, and maternal and paternal age, gestational age, and birth weight

Supplementary results: analysis of AD

In model 1, we found RR of 2.54 (95% CI, 1.91-3.38) and
RR of 2.00 (95% CI, 1.72-2.33) for AD for low and
intermediate Apgar scores respectively (Supplementary
Table 1), whereas in fully adjusted models the estimates
were (RR, 1.88; 95% CI, 1.41-2.51) and (RR, 1.54; 95%
CI, 1.32-1.81) respectively (Supplementary Tables 1-3).
In analysis of continuous Apgar scores, while the point
estimates for AD were slightly larger than for ASD
(although the 95% CI overlap), the RR pattern was similar
for ASD and AD. The quadratic term for Apgar score in
fully adjusted models (p value for the quadratic term <
0.001) was significant. In fully adjusted models, the
interaction term for sex and Apgar score was statistically
significant (p value for Wald’s test = 0.004), whereas the
interaction term for gestational age and Apgar score was
not significant (p value for Wald’s test = 0.260).

Discussion

Using the largest multinational population-based ASD
database to investigate the association between S5-min
Apgar score and ASD, we found a 75-80% increase in risk
of ASD in neonates with low to intermediate Apgar score
compared with neonates with optimal Apgar score.
Adjusting for the potential confounding effects of gesta-
tional age and birth weight) reduced the magnitude of the
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RRs for the different categories compared to the least
adjusted models by about 20%. Nevertheless, the associa-
tion between Apgar score and risk of ASD remained sta-
tistically significantly larger than one.

Although several previous studies investigated the
association between Apgar score and ASD, we took
advantage of the large data source available from iCARE to
study this association in greater depth [31]. Specifically, we
investigated the effect of two diagnostic definitions
(ASD and AD) as well as two potentially important mod-
ifiers, namely sex and gestational age and one potentially
important confounder birth weight, on the association
between Apgar score and ASD.

An interaction term for Apgar score and sex was sta-
tistically significant, indicating that effect of low Apgar
score on risk of ASD depends on sex, with girls with low
Apgar score having a higher RR for ASD than boys. Of
note, this does not mean that boys with low Apgar score are
at lower risk for ASD than girls, but rather signifies a larger
role for low Apgar score in risk of ASD in girls compared
with boys. Given that Apgar score is an indication of
neonatal vitality, it can be inferred that factors that reduce
infant vitality contribute slightly more to risk of ASD in
girls than in boys. This finding might explain a part of
higher frequency of epilepsy [37] and intellectual disability
[27] (other factors related to reduced vitality [30, 38]) in
girls with ASD.

In general, RR estimates for low Apgar score were
reduced after adjusting for gestational age and birth weight,



Apgar score and risk of autism

Table 4 Risk of ASD by Apgar score stratified by gestational age

Apgar score Prevalence cases/number of children (%)

< 36 weeks, RR (95% CI)

Model 1? Model 2° Model 3°

N = 320,916
1-3 32/2505 (1.28) 1.48 (1.05-2.02) 1.45 (1.02-2.04) 1.14 (0.80-1.62)
4-6 156/10,247 (1.52) 1.96 (1.67-2.30) 1.90 (1.62-2.23) 1.58 (1.33-1.86)
7-10 (ref) 2481/306,734 (0.81) 1.00 1.00 1.00
Apgar score Prevalence cases/number of children (%) 37-40 weeks, RR (95% CI)

Model 1 Model 2 Model 3
N = 3,644,332
1-3 36/3982 (0.90) 1.50 (1.09-2.08) 1.56 (1.14-2.13) 1.53 (1.12-2.09)
4-6 162/18,813 (0.86) 1.56 (1.34-1.82) 1.53 (1.32-1.79) 1.44 (1.24-1.68)
7-10 (ref) 21,867/3,616,704 (0.60) 1.00 1.00 1.00
Apgar score Prevalence cases/number of children (%) > 41 weeks, RR (95% CI)

Model 1 Model 2 Model 3

N = 1,384,102
1-3 24/1943 (1.24)

4-6 91/10,174 (0.89)
7-10 (ref) 8395/1,370,101 (0.61)

2.00 (1.34-2.97)
1.56 (1.27-1.92)
1.00

1.95 (1.31-2.90)
1.46 (1.19-1.79)
1.00

1.94 (1.30-2.88)
1.45 (1.18-1.78)
1.00

The estimates are RR (95% CI)

ASD Autism spectrum disorder, N number, RR relative risk, 95% CI 95% confidence intervals

4Adjusted for site and birth year
bAdjusted for site, birth year, and maternal and paternal age, and sex

“Adjusted for site, birth year, and maternal and paternal age, sex, and birth weight

raising the possibility that both might be confounders. Of
note, in preterm infants, the confounding effect of birth
weight on the association between Apgar score and risk for
ASD was strong. This is in line with the existing evidence,
because preterm and low birth weight infants are less
mature and therefore often more likely to present with
lower Apgar scores than term infants [39, 40]. In fact,
several studies have shown that low Apgar score is less
predictive of unfavorable outcomes in preterm infants than
in term infants [17, 39—41].

The fact that there was little change in RR of ASD from
Apgar scores of 1-4 (Fig. 1), which may seem counterin-
tuitive, could be due to “diagnostic overshadowing”
[42, 43]. Many children with extremely low Apgar scores
experience multiple severe outcomes (including CP or
severe ID) that might preclude diagnosis of ASD.

Several potential mechanisms may underlie the
observed association between low Apgar score and AD.
First, the association might reflect a shared genetic back-
ground between factors that reduce newborn vitality and
ASD. Second, the association between Apgar score and

ASD may be a marker of the underlying ASD phenotype,
that is, Apgar as a marker of fetal status may reflect a
process set in motion by the underlying mechanism of and/
or comorbidities of ASD at some earlier point in preg-
nancy. For example, risk for several congenital anomalies
is increased in patients with ASD [44]; many of these
anomalies are associated with poorer neonatal outcomes
and therefore lower Apgar score at birth [45]. Similarly,
intrauterine infections can cause abnormal neurodevelop-
ment (increasing the risk of ASD) [46] while at the same
time causing cardiorespiratory anomalies leading to a
lower Apgar score [47]. Importantly, Apgar score alone is
an insensitive tool for defining the process culminating in
an ASD diagnosis. Third, given that ASD is largely a
multifactorial condition, this association might reflect the
effect of environmental factors (i.e. birth complications,
hypoxia) on risk of ASD [3].

Our study had some limitations. Despite the large
sample size, unfortunately the data on socioeconomic sta-
tus, psychiatric comorbidity (e.g. ADHD, epilepsy or ID)
and parental medical and psychiatric history were
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unavailable. Socioeconomic status (SES) is considered an
important determinant of health and could potentially
affect the association between low Apgar score and ASD in
various ways and this association could possibly change
over time. Whereas a large population-based study from
Denmark found no significant association between SES and
ASD [48], a Swedish study has shown an association
between lower family income and higher risk for ASD
[49]. Although the sites included in the present study have
policies that provide equal healthcare to all regardless of
their SES, they are not immune to the SES-related diag-
nostic bias. The evidence on the association between
socioeconomic status and Apgar score remains inconsistent
but does suggest a trend towards worse Apgar score in
families with lower SES [13, 50]. However, whether a low
Apgar score (or related problems) changes the likelihood of
the diagnosis is uncertain. Data on psychiatric and neuro-
logical comorbidities could have been potentially useful for
investigating the specificity of the observed association
between Apgar score and risk of ASD. For example, ID,
CP and ADHD are all associated with low Apgar score,
with magnitudes being the highest for the association
between low Apgar score and CP or ID [16, 25, 51, 52].
This differential association might be due to differences in
the severity of underlying pathophysiology, different bio-
logical mechanisms, or merely different underlying genetic
risk associated with each of these conditions. Maternal
psychiatric conditions such as depression and anxiety and
maternal antidepressant use and maternal medical condi-
tions such as diabetes mellitus and autoimmune diseases
have also been variably linked to ASD [3, 53, 54]. Even
though maternal smoking has been associated with low
Apgar score [55], there is little evidence for its association
with the risk for ASD [56]. The same conditions have been
associated with low Apgar score at birth in some [57, 58]
but not all studies [59]. Furthermore, studying severity of
autistic symptoms and autistic subtypes in more details
could have given us a better understanding of the observed
association between low Apgar score and risk for ASD,
although analyzing AD cases (which are considered the
more severe end of the ASD) separately might fulfill that
goal to some extent.

Conclusions

Low Apgar score is associated with higher risk of ASD.
We did not observe any major modifying effects of ges-
tational age and sex, although birth weight and gestational
both act as confounders. Despite an increased relative risk
of ASD/AD in children with low Apgar score, the absolute
risk is very small. Therefore, even if Apgar score is a
marker of an unknown causal factor(s), the associated risk
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signifies only a minor contribution to the overall burden of
ASD/AD. Future studies should expand this multi cohort
approach to other neurodevelopmental outcomes such as
ADHD and ID.
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