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Association Between Obstetric Mode of Delivery
and Autism Spectrum Disorder
A Population-Based Sibling Design Study
Eileen A. Curran, MPH; Christina Dalman, PhD, MD; Patricia M. Kearney, PhD, MRCPI;
Louise C. Kenny, PhD, MRCOG; John F. Cryan, PhD; Timothy G. Dinan, PhD, MD; Ali S. Khashan, PhD

IMPORTANCE Because the rates of cesarean section (CS) are increasing worldwide, it is
becoming increasingly important to understand the long-term effects that mode of delivery
may have on child development.

OBJECTIVE To investigate the association between obstetric mode of delivery and autism
spectrum disorder (ASD).

DESIGN, SETTING, AND PARTICIPANTS Perinatal factors and ASD diagnoses based on the
International Classification of Diseases, Ninth Revision (ICD-9), and the International Statistical
Classification of Diseases, 10th Revision (ICD-10), were identified from the Swedish Medical
Birth Register and the Swedish National Patient Register. We conducted stratified Cox
proportional hazards regression analysis to examine the effect of mode of delivery on ASD.
We then used conditional logistic regression to perform a sibling design study, which
consisted of sibling pairs discordant on ASD status. Analyses were adjusted for year of birth
(ie, partially adjusted) and then fully adjusted for various perinatal and sociodemographic
factors. The population-based cohort study consisted of all singleton live births in Sweden
from January 1, 1982, through December 31, 2010. Children were followed up until first
diagnosis of ASD, death, migration, or December 31, 2011 (end of study period), whichever
came first. The full cohort consisted of 2 697 315 children and 28 290 cases of ASD. Sibling
control analysis consisted of 13 411 sibling pairs.

EXPOSURES Obstetric mode of delivery defined as unassisted vaginal delivery (VD), assisted
VD, elective CS, and emergency CS (defined by before or after onset of labor).

MAIN OUTCOMES AND MEASURES The ASD status as defined using codes from the ICD-9 (code
299) and ICD-10 (code F84).

RESULTS In adjusted Cox proportional hazards regression analysis, elective CS (hazard ratio,
1.21; 95% CI, 1.15-1.27) and emergency CS (hazard ratio, 1.15; 95% CI, 1.10-1.20) were
associated with ASD when compared with unassisted VD. In the sibling control analysis,
elective CS was not associated with ASD in partially (odds ratio [OR], 0.97; 95% CI, 0.85-1.11)
or fully adjusted (OR, 0.89; 95% CI, 0.76-1.04) models. Emergency CS was significantly
associated with ASD in partially adjusted analysis (OR, 1.20; 95% CI, 1.06-1.36), but this effect
disappeared in the fully adjusted model (OR, 0.97; 95% CI, 0.85-1.11).

CONCLUSIONS AND RELEVANCE This study confirms previous findings that children born by CS
are approximately 20% more likely to be diagnosed as having ASD. However, the association
did not persist when using sibling controls, implying that this association is due to familial
confounding by genetic and/or environmental factors.
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A utism spectrum disorder (ASD) is a disorder character-
ized by impairment in social interaction and commu-
nication with the presence of restricted interest and re-

petitive behaviors.1 Autism spectrum disorder is thought to
affect an estimated 0.62% of children worldwide,2 although re-
cent estimates in the United States have been closer to 1.5%.3

The prevalence of ASD has increased drastically since 1980, yet
changes in diagnostic criteria might only explain 60% of this
increase.4

Although ASD is highly heritable,5 it has previously been
linked to numerous perinatal factors,6 possibly including birth
by cesarean section (CS).7 There are several possible mecha-
nisms underlying this association, including early-term (ie,
37-39 weeks’ gestation) birth,8 exposure to altered microbiota,9

changes in stress response,10 and type of anesthesia.11 The ob-
served association may alternatively be due to residual con-
founding or confounding by indication, meaning ASD could
be associated with the indication for CS rather than the CS
itself,7 or to an unknown genetic factor that is associated with
increased risk of CS and ASD. The prevalence of birth by CS is
estimated to be 15% worldwide and is more than 20% in de-
veloped countries.12 Because the prevalence of ASD is increas-
ing worldwide, for a variety of reasons,13,14 it is becoming
increasingly important to fully understand any possible long-
term effects of birth by CS.

Birth by CS has previously been linked to several long-
term outcomes, including asthma, allergic rhinitis, diabetes
mellitus, and gastrointestinal disease.10 Notably, recent popu-
lation-based studies that used siblings as controls found that
these reported associations could be explained by genetic fac-
tors or family environment for asthma15 and type 1 diabetes.16

Thus, it is important to consider residual confounding from en-
vironmental and genetic factors with appropriate methods.

The objective of this investigation was to assess the ef-
fect of mode of delivery, specifically birth by CS, on ASD using
data from a large Swedish population-based registry. To our
knowledge, this is the largest study on this subject to date7 and
the only one to use the combination of adjusted cohort and sib-
ling control study designs. Using this combination and taking
familial environmental and genetic confounding factors into
consideration, we aimed to robustly assess any association be-
tween mode of delivery and ASD.

Methods
Study Population
The study cohort consisted of all singleton live births in Swe-
den from January 1, 1982, through December 31, 2010, using
data from the Swedish Medical Birth Register, the Swedish Na-
tional Patient Register, and the Swedish Multi-Generation Reg-
ister. Data from these registers can be linked using the per-
sonal identification number given to each Swedish resident.
More than 99% of all births in Sweden are recorded in the Swed-
ish Medical Birth Register.17,18

We started follow-up from the first birthday (left cen-
sored), consistent with a previous study5 on ASD in this popu-
lation. Before 1987, no code for autism was available in the

register;5 therefore those persons who turned 1 year of age be-
fore 1987 began follow-up on January 1, 1987. Children were
followed up until first diagnosis of ASD, death, migration, or
December 31, 2011 (end of study period), whichever came first.

Sibling design studies have been used in investigations of
prenatal or perinatal risk factors and were developed as a way
to control for shared genetic factors and familial environment.19

For the sibling study, we included all sibling pairs that in-
cluded the first 2 children for each mother, with one diag-
nosed as having ASD and one not. Because conditional logis-
tic regression does not adjust for differential follow-up time,
follow-up time during the study period was longer for the con-
trol sibling (ie, the control sibling died, emigrated, or left the
study at an older age than when their sibling was diagnosed
as having ASD). The case sibling could be the younger or older
sibling. This approach is consistent with a previous sibling con-
trol study16 that used this data set. Ethical approval was ob-
tained from the research ethics committee at Karolinska In-
stitutet. Informed consent was waived by the ethics committee.

Exposure
Mode of delivery was divided into 4 categories: unassisted vagi-
nal delivery (VD), assisted VD, elective CS, and emergency CS.
Assisted VD was defined as VD with the use of forceps or
vacuum extraction. Unassisted VD included spontaneous and
induced VD. Elective CS and emergency CS were defined as CS
before and after onset of labor, respectively. Although the
Swedish Medical Birth Register began in 1973, variables indi-
cating emergency and elective CS are available from 1982,
which marks the beginning of our investigation.

Outcome
Information on ASD status and date of first diagnosis was ob-
tained from the Swedish National Patient Register. In line with
the DSM-5, we included all pervasive developmental disor-
ders as cases of ASD,20 including codes from the Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) (code
299), and the International Statistical Classification of Dis-
eases, 10th Revision (ICD-10) (code F84).21-23 The Swedish Na-
tional Patient Register includes inpatient data from 1973 and
outpatient data from 2001,24 with good outpatient coverage
from 2006. Children in Sweden undergo a mandatory devel-
opmental assessment at 4 years of age, and children with sus-
pected developmental disorders are referred for further as-
sessment by a child psychiatry unit.5 The procedures for this
assessment are standardized across Sweden. To account for the
possibility of increased diagnosis using this method, we con-
ducted a sensitivity analysis on children born on or before 2007
to allow everyone to be followed up at least until 4 years of age.
Previous results have indicated that risk factors may differ for
ASD with and without intellectual disability (ID).25 There-
fore, we looked at ASD overall and at ASD with and without
ID (defined as an IQ <70 and functional impairment26).

Statistical Analysis
We performed Cox proportional hazards regression analysis to
estimate hazard ratios (HRs) and 95% CIs. We assessed the pro-
portional hazards assumption using graphical displays of the
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empirical score process. Although originally violated, when
analyses were adjusted for year of birth and stratified by ev-
ery fourth birth year, the assumption was no longer violated.
Therefore, all analyses were partially adjusted in this way. In
fully adjusted models, we also included infant sex,27 mater-
nal age,27 gestational age,27 maternal and paternal citizenship,27

small for gestational age,27 large for gestational age, 5-minute
Apgar score,27 parity,27 social welfare status, family dispos-
able income,28 and maternal and paternal depression,22 bipo-
lar disorder, and nonaffective disorder21 in the total popula-
tion (eAppendix 1 in the Supplement). We used robust CIs, with
analysis clustered on maternal ID, to account for increased like-
lihood of ASD diagnosis within families. Sensitivity analyses
are detailed in eAppendix 2 in the Supplement.

For the sibling study, we conducted conditional logistic re-
gression using nonaffected siblings as controls, matched on ma-
ternal ID. Estimates for the association between mode of de-
livery and ASD were obtained using pairs discordant on ASD
and mode of delivery, although pairs concordant on mode of
delivery were included in the analysis because they contrib-
ute to the covariate estimates. The conditional logistic regres-
sion analysis included adjustment for the same covariates as
the Cox proportional hazards regression model with the ex-
ception of maternal country of birth, which was the same for
each sibling pair. We conducted a sensitivity analysis that in-
cluded only full siblings (ie, same father and mother).

All analyses were conducted using SAS statistical soft-
ware, version 9.4 (SAS Institute Inc).

Results
Descriptive Statistics
There were 2 941 629 live births in Sweden from January 1, 1982,
through December 31, 2010. After excluding 77 209 multiple
births, 17 968 children who died or emigrated before 1 year of
age, 87 whose first diagnosis of ASD was before 1 year of age,
and 149 050 children with unknown mode of delivery, 2 697 315
remained in the final cohort. A total of 2 161 148 children
(80.1%) were born via nonassisted VD, 164 305 (6.1%) via elec-
tive CS, 175 803 (6.5%) via emergency CS, and 196 058 (7.3%)
via assisted VD (eFigure in the Supplement). A total of 28 290
children (1.0%) were diagnosed as having ASD (Table 1). Me-
dian age at diagnosis was 12 years (interquartile range [IQR],
7-16 years), with 11 years (IQR, 7-16 years) in boys and 14 years
(IQR, 9-17 years) in girls.

Cox Proportional Hazards Regression Analysis
In partially adjusted analyses (ie, adjusted for year of birth),
elective CS (HR, 1.39; 95% CI, 1.33-1.45), emergency CS
(HR, 1.40; 95% CI, 1.34-1.46), and assisted VD (HR, 1.18; 95%
CI, 1.13-1.23) were all associated with ASD when compared with
unassisted VD (Table 2). After full adjustment, the adjusted HRs
(aHRs) were reduced, but the association remained signifi-
cant for elective CS (aHR, 1.21; 95% CI, 1.15-1.27) and emer-
gency CS (aHR, 1.15; 95% CI, 1.10-1.20) but not for assisted VD
(aHR, 1.03; 95% CI, 0.98-1.07). Sensitivity analyses that ex-
cluded children who were preterm, female, small for gesta-

tional age, large for gestational age, born after 2007, and had
mothers who had ever been diagnosed as having depression
did not materially change the results (eTable 1 in the Supple-
ment). Inclusion of children diagnosed before 1 year of age also
had no effect. Exclusion of children who had been born be-
fore 1990 and 2000 similarly did not materially change the re-
sults (Table 2). Inclusion of parental educational level after ex-
clusion of those born before 1990 had no effect on the results
(eTable 2 in the Supplement). Sensitivity analyses on birth or-
der, CS order, and family size had no effect on the results
(eTable 3 in the Supplement). Similarly, inclusion of induc-
tion of labor also did not change the results (eTable 4 in the
Supplement). Sensitivity analyses on maternal age, obesity, dia-
betes, and hypertension did not have an effect on the results
(eTable 5 in the Supplement). Likewise, analyses regarding
breech presentation did not have an effect (eTables 6-8 in the
Supplement).

When cases of ASD were stratified by the presence of ID,
assisted VD was not significantly associated with ASD with ID
(aHR, 1.11; 95% CI, 1.00-1.22) or without ID (aHR, 1.01; 95% CI,
0.96-1.06) (Table 2). Elective CS was significantly associated
with ASD with (aHR, 1.26; 95% CI, 1.14-1.39) and without ID
(aHR, 1.19; 95% CI, 1.12-1.26). Similarly, emergency CS was as-
sociated with ASD with (aHR, 1.25; 95% CI, 1.14-1.37) and with-
out ID (aHR, 1.12; 95% CI, 1.06-1.18). Exclusion of children born
before 1990 and 2000 did not change results materially.

Sibling Control
In the sibling control study, there were 13 411 sibling pairs dis-
cordant on ASD; 2555 pairs were also discordant on mode of
delivery (with one sibling born by unassisted VD). In the par-
tially adjusted analysis, there was no association between as-
sisted VD (odds ratio [OR], 1.04; 95% CI, 0.91-1.15) or elective
CS (OR, 0.97; 95% CI, 0.85-1.11) and ASD (Table 3). After full ad-
justment, assisted VD (OR, 0.91; 95% CI, 0.82-1.02) and elec-
tive CS (OR, 0.89; 95% CI, 0.76-1.04) were not associated with
ASD. Conversely, although emergency CS was associated with
ASD in partially adjusted analysis (OR, 1.20; 95% CI, 1.06-
1.36), this association did not persist after full adjustment (OR,
0.97; 95% CI, 0.85-1.11). Because of the lack of overall ASD as-
sociation, we did not further analyze the effect of mode of de-
livery on ASD stratified by ID status. Exclusion of children born
before 1990 and 2000 did not materially change the results.
Sensitivity analysis with only the 11 634 full biological sib-
lings (ie, shared both father and mother) did not change re-
sults (eTable 9 in Supplement).

Discussion
The current study combines 2 approaches to assess the effect of
obstetric mode of delivery on ASD: a conventional cohort analy-
sis, which we used to test the association in a large population,
and a sibling control analysis, which we used to control for fa-
milial confounding and assess causality. In the conventional co-
hort analysis, children born by elective CS were 21% more likely
to be diagnosed as having ASD after controlling for known con-
founders, similar to previous findings regarding birth by CS and
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Table 1. Perinatal and Sociodemographic Characteristics Related to Autism Spectrum Disorder (ASD) and Mode of Delivery Among Those Born
in Sweden From 1982 Through 2010

Characteristic

No. (%) of Infants

Total Population
Nonassisted
Vaginal Delivery

Assisted
Vaginal Delivery

Elective
Cesarean Section

Emergency
Cesarean Section

Total population 2 697 315 2 161 148 (80.1) 196 058 (7.3) 164 305 (6.1) 175 803 (6.5)

ASD 28 290 (1.0) 21 757 (1.0) 2203 (1.1) 2035 (1.2) 2295 (1.3)

SGA 65 208 (2.4) 39 523 (1.8) 5198 (2.7) 9627 (5.9) 10 860 (6.2)

LGA 93 617 (3.5) 66 918 (3.1) 5476 (2.8) 11 950 (7.3) 9273 (5.3)

First-born child 1 148 649 (42.6) 826 564 (38.2) 156 405 (79.8) 55 768 (33.9) 109 912 (62.5)

Induced 183 319 (9.4) 129 640 (8.6) 20 348 (13.8) 0 33 331 (23.3)

Sex (male) 1 386 889 (51.4) 10 993 170 (50.6) 112 850 (57.6) 83 614 (50.9) 97 255 (55.3)

Maternal age, y

<20 63 572 (2.4) 53 837 (2.5) 4843 (2.5) 1722 (1.0) 3170 (1.8)

20-29 1 423 741 (52.8) 1 173 448 (54.3) 108 085 (55.1) 59 985 (36.5) 82 223 (46.8)

30-39 1 144 909 (42.4) 889 416 (41.2) 79 148 (40.4) 92 648 (56.4) 83 697 (47.6)

≥40 65 092 (2.4) 44 447 (2.1) 3982 (2.0) 9950 (6.1) 6713 (3.8)

Gestational age, wk

<37 130 484 (4.8) 81 132 (3.8) 5244 (2.7) 21 804 (13.3) 22 305 (12.7)

37 133 330 (5.0) 98 600 (4.6) 6265 (3.2) 16 793 (10.2) 11 572 (6.6)

38 366 171 (13.6) 251 075 (11.6) 16 217 (8.3) 78 142 (47.6) 20 737 (11.8)

39 624 225 (23.2) 529 513 (24.5) 37 408 (19.1) 32 201 (19.6) 25 013 (14.3)

40 760 038 (28.2) 658 128 (30.5) 58 140 (29.7) 7641 (4.7) 36 129 (20.6)

>40 678 571 (25.2) 539 049 (25.0) 72 387 (40.0) 7481 (4.6) 59 654 (34.0)

5-Minute Apgar score

0-3 (low) 5207 (0.1) 2711 (0.1) 736 (0.4) 478 (0.3) 2182 (0.7)

4-6 (intermediate) 19 530 (0.7) 7744 (0.4) 4355 (2.2) 2170 (1.3) 5261 (3.0)

7-10 (high) 2 631 702 (99.1) 2 115 971 (99.5) 189 213 (97.4) 159 424 (98.4) 167 094 (96.2)

Mother’s country
of birth

Sweden 2 273 396 (84.3) 1 827 303 (84.6) 165 868 (84.6) 136 590 (83.1) 143 635 (81.7)

Other Nordic country 87 097 (3.2) 70 762 (3.3) 5637 (2.9) 5279 (3.2) 5419 (3.1)

Other country 336 634 (12.5) 262 952 (12.2) 24 853 (12.5) 22 424 (13.6) 26 720 (15.2)

Father’s country
of birth

Sweden 2 245 361 (83.9) 1 799 637 (83.8) 164 406 (84.6) 137 033 (84.1) 144 285 (82.9)

Other Nordic country 77 491 (2.9) 63 128 (2.9) 5012 (2.6) 4613 (2.8) 4738 (2.7)

Other country 354 723 (13.2) 283 632 (13.2) 24 853 (12.8) 2156 (13.0) 24 982 (14.4)

Maternal depression

Never 2 475 676 (91.8) 1 988 761 (92.0) 147 389 (89.7) 180 163 (91.9) 1 988 761 (92.0)

Before birth 4443 (1.6) 31 876 (1.5) 5009 (6.0) 3375 (1.7) 31 876 (1.5)

After birth 177 195 (6.6) 140 511 (6.5) 11 907 (7.2) 12 520 (6.4) 170 511 (6.5)

Maternal bipolar disorder

Never 2 672 402 (99.1) 2 141 549 (99.1) 194 366 (99.1) 162 469 (98.9) 174 018 (99.0)

Before birth 3527 (0.1) 2529 (0.1) 276 (0.1) 392 (0.2) 330 (0.2)

After birth 21 385 (0.8) 1707 (0.8) 1416 (0.7) 1444 (0.9) 1455 (0.8)

Maternal nonaffective
disorder

Never 2 676 778 (99.2) 2 145 090 (99.3) 194 575 (99.2) 162 810 (99.1) 174 303 (99.2)

Before birth 6903 (0.3) 5114 (0.2) 535 (0.3) 669 (0.4) 585 (0.3)

After birth 13 633 (0.5) 10 944 (0.5) 948 (0.5) 826 (0.5) 915 (0.5)

Paternal depression

Never 2 566 589 (95.2) 2 056 415 (95.2) 187 010 (95.4) 156 048 (95.0) 167 116 (95.1)

Before birth 24 630 (0.9) 18 677 (0.9) 1848 (0.9) 2089 (1.3) 2016 (1.2)

After birth 106 095 (3.9) 86 056 (4.0) 7200 (3.7) 6168 (3.8) 6671 (3.8)

(continued)
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ASD.7 However, in the sibling control analysis, no association was
found between mode of delivery and ASD.

Although the traditional cohort analysis revealed birth by CS
to be associated with ASD, it is not necessarily a cause because
the association could be due to residual confounding. Because
randomizing mode of delivery would be unethical, large
population-based cohort studies are the most robust way to as-
sess an association. In such cases, the use of siblings as controls
is seen as a way to test the causality of an association when ran-
domized experiments are not feasible.29 This use of siblings as

controls adjusts for shared factors that relate to genetics and fam-
ily environment that may not be measured or fully understood.30

Therefore, because the association between birth by CS and ASD
didnotpersist inthesiblingcontrolanalysis,wecanconcludethat
there is no causal association. It is more likely that birth by CS is
related to some unknown genetic or environmental factor that
leads to increased risk of both CS and ASD.

There have been recent developments in understanding
genetic risk factors for ASD,31,32 but it is likely that, even among
inherited cases, genetic and environmental factors interact.27

Table 2. Association Between Mode of Delivery and Autism Spectrum Disorder (ASD) With and Without Intellectual Disability (ID) in the Offspring

Variable

All Children Children Born in 1990 or Later Children Born in 2000 or Later
No. of
Exposed
Cases

Partially Adjusted HR
(95% CI)a

Adjusted HR
(95% CI)b

No. of
Exposed
Cases

Adjusted HR
(95% CI)b

No. of
Exposed
Cases

Adjusted HR
(95% CI)b

All ASD

Unassisted VD 21 757 1 [Reference] 1 [Reference] 15 765 1 [Reference] 4259 1 [Reference]

Assisted VD 2203 1.18 (1.13-1.23) 1.03 (0.98-1.07) 1698 1.02 (0.97-1.08) 575 1.00 (0.91-1.09)

Elective CS 2035 1.39 (1.33-1.45) 1.21 (1.15-1.27) 1696 1.24 (1.18-1.32) 683 1.26 (1.15-1.38)

Emergency CS 2295 1.40 (1.34-1.46) 1.15 (1.10-1.20) 1867 1.15 (1.09-1.21) 661 1.10 (1.01-1.20)

ASD With ID

Unassisted VD 4678 1 [Reference] 1 [Reference] 3425 1 [Reference] 901 1 [Reference]

Assisted VD 463 1.16 (1.05-1.27) 1.11 (1.00-1.22) 351 1.08 (0.97-1.21) 111 1.07 (0.87-1.32)

Elective CS 518 1.66 (1.51-1.82) 1.26 (1.14-1.39) 437 1.17 (1.17-1.47) 166 1.26 (1.05-1.52)

Emergency CS 566 1.61 (1.47-1.76) 1.25 (1.14-1.37) 457 1.14 (1.14-1.40) 133 1.07 (0.89-1.30)

ASD Without ID

Unassisted VD 17 079 1 [Reference] 1 [Reference] 12 340 1 [Reference] 3358 1 [Reference]

Assisted VD 1740 1.19 (1.13-1.25) 1.01 (0.96-1.06) 1347 1.01 (0.95-1.07) 464 0.98 (0.89-1.09)

Elective CS 1517 1.32 (1.25-1.39) 1.19 (1.12-1.26) 1259 1.22 (1.15-1.31) 517 1.26 (1.13-1.40)

Emergency CS 1729 1.34 (1.28-1.41) 1.12 (1.06-1.18) 1410 1.12 (1.05-1.18) 528 1.11 (1.01-1.22)

Abbreviations: CS, cesarean section; HR, hazard ratio; VD, vaginal delivery.
a Adjusted for year of birth.
b Adjusted for year of birth, infant sex, maternal age, gestational age, 5-minute

Apgar score, maternal and paternal country of birth, small for gestational age,
large for gestational age, first born, family income, and maternal and paternal
depression, bipolar disorder, and nonaffective disorder.

Table 1. Perinatal and Sociodemographic Characteristics Related to Autism Spectrum Disorder (ASD) and Mode of Delivery Among Those Born
in Sweden From 1982 Through 2010 (continued)

Characteristic

No. (%) of Infants

Total Population
Nonassisted
Vaginal Delivery

Assisted
Vaginal Delivery

Elective
Cesarean Section

Emergency
Cesarean Section

Paternal bipolar disorder

Never 2 681 863 (99.4) 2 148 738 (99.4) 195 029 (99.5) 163 313 (99.4) 174 783 (99.4)

Before birth 2661 (0.1) 2065 (0.1) 200 (0.1) 204 (0.1) 192 (0.1)

After birth 12 790 (0.5) 10 345 (0.5) 829 (0.4) 788 (0.5) 828 (0.5)

Paternal nonaffective
disorder

Never 2 678 375 (99.3) 2 145 820 (99.3) 194 742 (99.3) 163 245 (99.4) 174 568 (99.3)

Before birth 7163 (0.3) 5588 (0.3) 553 (0.3) 486 (0.3) 536 (0.3)

After birth 11 776 (0.4) 9740 (0.4) 763 (0.4) 574 (0.4) 699 (0.4)

Income quintile

First 513 647 (19.3) 431 504 (20.2) 25 970 (13.4) 27 913 (17.1) 28 260 (16.2)

Second 632 841 (20.0) 44 518 (20.8) 27 872 (14.4) 32 010 (19.7) 29 442 (16.9)

Third 538 145 (20.2) 435 310 (20.4) 36 420 (18.8) 32 755 (20.1) 33 660 (19.4)

Fourth 540 963 (20.3) 423 450 (19.9) 45 981 (23.7) 33 412 (20.5) 38 120 (21.9)

Fifth 537 003 (20.2) 398 255 (18.7) 57 617 (29.7) 36 734 (22.6) 44 397 (25.5)

Abbreviations: LGA, larger for gestational age; SGA, small for gestation age.
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Therefore, although birth by CS may not have a causal asso-
ciation with ASD, future research into environmental risk fac-
tors for ASD is warranted. However, although CS may not have
a causal association with ASD, it is not without health risks for
the mother and fetus and should not be undertaken without
due regard for those risks.

Previous Studies
A systematic review and meta-analysis7 on mode of delivery and
ASD reported a 23% increased risk of ASD in relation to CS, al-
though studies have been limited. Only one investigation in re-
cent years, conducted in Australia by Glasson et al,33 has made
use of a sibling design. Glasson et al33 detected no significant ef-
fect of birth by elective CS on ASD overall but found a significant
effect separately on autism, Asperger syndrome, and pervasive
developmental disorder not otherwise specified. However, the
study did not provide adjusted estimates beyond the use of
sibling controls and was much smaller than the current study
(n = 473 sibling pairs). Three previous cohort studies25,34,35 have
reported an adjusted estimate of the association between CS and
ASD; however, all were subject to some limitation. Burstyn et
al35 and Gregory et al34 did not provide separate estimates for
emergency and elective CS, making it difficult to distinguish be-
tween the effect of CS and possible confounding by indication
because an association with emergency CS may be more related
to complications during labor rather than the CS itself. Langridge
et al25 distinguished between emergency and elective CS and also
stratified by ID status similar to this study. However, the present
study accounts for known confounders that were not included
in study by Langridge et al,25 such as family income and paren-
tal psychiatric health.

Strengths and Limitations
Our study is the largest on this subject to date, with 2.6 million
births included in our analysis. In addition, because data were
prospectively obtained from national registries, they were not
subject to recall bias or selection bias. In addition, because of the
nature of the data set, we were able to adjust for a variety of
known potential confounders. Even after controlling for these
variables, we found birth by elective CS to be associated with a
20% increased risk of ASD, which is comparable to previous
estimates.7 We were also able to conduct sensitivity analyses by
birth cohort to determine whether the association changed in re-

cent years, which was a limitation in some previous studies.34

This approach also allowed us to address possible bias due to
changes in ASD reporting practices over time. That we saw no
change over time in the traditional cohort analysis or sibling
analysis leads us to conclude that changes in ASD definition and
reporting did not affect the association. Finally, because of such
large numbers and quality of data, we were able to conduct a sib-
ling design study, which helped control for unknown genetic and
environmental confounders, after which the association did not
persist.

There are also limitations to the present investigation. Al-
though we were able to differentiate between emergency and
elective CS based on timing of labor, we did not have access to
the indication for CS. In addition, it is possible that parents who
stopped having children after their first was diagnosed as hav-
ing ASD were different from parents with multiple children, one
or more of whom were diagnosed as having ASD. Although our
sensitivity analysis on only children did not reveal a difference
in the overall association, we were unable to include these chil-
dren in the sibling analysis and so were unable to see whether
the association was attenuated in a similar manner when genetic
and family environment were controlled for. In addition, because
we have mostly inpatient data until 2001, severe cases of ASD
were likely overrepresented, and the association between mode
of delivery and ASD may be different for milder forms of ASD.
However,becausesensitivityanalysisfrom2000onwardrevealed
no difference in the results, this association likely did not affect
our findings. Moreover, although ours is the largest study to date,
to our knowledge, on this subject, we reduced the sample size
in the sibling control analysis because of strict inclusion criteria,
which is reflected in the relatively wider CIs. In addition, modes
of delivery were likely not independent between siblings because
women who have previously given birth by CS are more likely
to give birth by CS,36 and it is possible that such relatedness with
the exposure could lead to increased bias in the sibling control
design.37 However, the results of our sensitivity analyses based
on the cohort analysis, conducted by birth order, CS order, and
family size, would imply that the difference in results was in fact
due to the comparison to siblings rather than other factors, such
as cohort size or clustering of exposure. There are several known
limitations to sibling control analyses,19,37 including an inabil-
ity to distinguish whether the confounding is due to genetics,
family environment, or both.19 For example, we were unable to

Table 3. Association Between Mode of Delivery and Autism Spectrum Disorder (ASD) Among Sibling Pairs

Variable

All Children Born in 1990 or Later Born in 2000 or Later
No. of
Exposed
Cases

Partially Adjusted OR
(95% CI)a

Adjusted OR
(95% CI)

No. of
Exposed
Cases

Adjusted OR
(95% CI)b

No. of
Exposed
Cases

OR
(95% CI)b

All ASD

Unassisted VD 10 733 1 [Reference] 1 [Reference] 7509 1 [Reference] 1685 1 [Reference]

Assisted VD 893 1.04 (0.91-1.15) 0.91 (0.82-1.02) 644 0.91 (0.80-1.05) 178 0.92 (0.68-1.24)

Elective CS 856 0.97 (0.85-1.11) 0.89 (0.76-1.04) 701 0.94 (0.78-1.13) 246 0.93 (0.63-1.36)

Emergency CS 929 1.20 (1.06-1.36) 0.97 (0.85-1.11) 728 0.96 (0.81-1.13) 214 0.85 (0.59-1.24)

Abbreviations: CS, cesarean section; OR, odds ratio; VD, vaginal delivery.
a Adjusted for year of birth.
b Adjusted for year of birth, infant sex, maternal age, gestational age, 5-minute

Apgar score, paternal country of birth, small for gestational age, large for
gestational age, first born, family income, and maternal and paternal
depression, bipolar disorder, and nonaffective disorder.
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measureanyepigeneticchangesrelatedtoCSthatdifferedamong
siblings and may have been associated with ASD. In addition, in
the presence of measurement error, sibling control analysis could
lead to an artificial decrease in the association.37 A limitation of
the use of anonymized registry data is that we were not able to
validate cases. However, the positive predictive value of psychi-
atric disorders in this registry has previously been estimated to
be 85% to 95%,24 and a review of the medical records for 88 cases
of ASD found a positive predictive value of 94.3%.38

Conclusions

This study confirms previous results that children born by CS
are approximately 20% more likely to be diagnosed as having
ASD after adjustment for known confounders. However, the
lack of association in analyses using sibling controls implies
that this association is not causal and therefore is due to un-
known genetic or environmental factors.
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