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Despite the biological plausibility of an association 
between obstetric mode of delivery and psychosis in later 
life, studies to date have been inconclusive. We assessed 
the association between mode of delivery and later onset 
of psychosis in the offspring. A population-based cohort 
including data from the Swedish National Registers was 
used. All singleton live births between 1982 and 1995 were 
identified (n  =  1 345 210)  and followed-up to diagnosis 
at age 16 or later. Mode of delivery was categorized as: 
unassisted vaginal delivery (VD), assisted VD, elective 
Caesarean section (CS) (before onset of labor), and emer-
gency CS (after onset of labor). Outcomes included any 
psychosis; nonaffective psychoses (including schizophrenia 
only) and affective psychoses (including bipolar disorder 
only and depression with psychosis only). Cox regression 
analysis was used reporting partially and fully adjusted 
hazard ratios (HR) with 95% confidence intervals (CI). 
Sibling-matched Cox regression was performed to adjust 
for familial confounding factors. In the fully adjusted 
analyses, elective CS was significantly associated with 
any psychosis (HR 1.13, 95% CI 1.03, 1.24). Similar find-
ings were found for nonaffective psychoses (HR 1.13, 95% 
CI 0.99, 1.29) and affective psychoses (HR 1.17, 95% CI 
1.05, 1.31) (χ2 for heterogeneity P = .69). In the sibling-
matched Cox regression, this association disappeared 
(HR 1.03, 95% CI 0.78, 1.37). No association was found 
between assisted VD or emergency CS and psychosis. This 
study found that elective CS is associated with an increase 
in offspring psychosis. However, the association did not 
persist in the sibling-matched analysis, implying the asso-
ciation is likely due to familial confounding by unmeasured 
factors such as genetics or environment. 

Key words: mode of delivery/Caesarean/psychosis/confo
unding/sibling control

Introduction

Psychosis commonly emerges early on in life, often in the 
late teens or twenties.1 A  recent systematic review esti-
mated the median prevalence of psychotic symptoms was 
17% among children aged 9–12  years and 7.5% among 
adolescents aged 13–18 years.2 Another systematic review 
estimated the overall prevalence of psychotic symptoms 
to be 7.2%, but also determined that symptoms would 
not persist for roughly 80% of people reporting them.3 
The etiology of psychosis is complex, most psychotic 
disorders are thought to be caused by a combination of 
genetic predisposition,4 neurodevelopmental abnormali-
ties,5 and environmental stressors.6,7 One such environ-
mental factor may be birth by Caesarean section (CS), 
which has previously been found to be associated with 
bipolar disorder.8

There are several hypotheses regarding a possible asso-
ciation between CS and psychosis. Disruptions to the 
gut microbiome by environmental factors in the initial 
months of life could lead to the subsequent emergence of 
adverse mental health outcomes later in life.9 Studies in 
germ-free animals and in animals exposed to pathogenic 
bacterial infections, probiotic bacteria or antibiotic drugs 
all suggest a role in general for the gut microbiota in the 
regulation of anxiety, mood, cognition, and pain.6 Infants 
born by elective (ie, pre labor/planned) CS are primar-
ily colonized by bacteria from the hospital environment 
and maternal skin, whereas infants delivered vaginally 
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are colonized by bacteria found in the birth canal, 
thus altering their microbiota.10 Other theories include 
“early-term” birth,11 or alterations in stress response.12 
Alternatively, it is possible that any association is driven 
by factors independently associated with both CS and 
psychological development, and is not due to CS itself. 
Indeed, a recent sibling-control design concluded that 
the previously established relationship between birth by 
CS and autism spectrum disorder could be explained by 
shared family characteristics.13

Epidemiological studies bolster the hypothesis that 
risk of disease can be influenced by environmental expe-
rience.14–18 To our knowledge, the association between CS 
and overall psychosis has not been investigated. A  sys-
tematic review on obstetric risk factors for schizophre-
nia found it to be associated with emergency CS, but not 
CS overall.19 Affective psychoses have been reported as 
not being associated with CS overall.20 However, a recent 
population-based study found bipolar disorder to be 
associated with elective, but not emergency CS.21

Therefore, the aim of the current study was to investi-
gate the association between obstetric mode of delivery 
and onset of psychosis in offspring diagnosed at age 16 or 
later in a large Swedish population-based cohort.

Method

Study Design and Data Sources

The current study used a population-based cohort study 
design using the Swedish national registers (maintained 
by Statistics Sweden and the Swedish National Board 

of Health and Welfare). Through the use of a unique 
personal identification number (PIN)22 assigned to each 
Swedish citizen, record linkage was carried out link-
ing the Medical Birth Register,23 the National Patient 
Register,24 and the Multigenerational Register.25 The 
PIN is recorded in all contacts within health, social, and 
administrative facilities enabling accurate and complete 
linkage between the different registers.

Study Population and Follow-up

All live births in Sweden between January 1st 1982 and 
December 31st 1995 were identified (n = 1 489 925). We 
started follow-up at age 16 and censored at the date of 
first diagnosis of psychosis, death, emigration, or study 
end (31st December 2011), in order of whichever came 
first (figure 1).

Obstetric Mode of Delivery

Obstetric mode of delivery (exposure) was categorized as 
follows: unassisted vaginal delivery (VD) (including both 
spontaneous and induced labor); assisted VD (vacuum 
or forceps instrumental deliveries); elective CS (planned 
before the onset of labor), and emergency CS (unplanned, 
after the onset of labor). Although the Medical Birth 
Register was established in 1973, detailed information for 
mode of delivery, including whether a CS was elective or 
emergency, was not recorded until 1982; hence the data 
for this study begins from 1982 onwards. Data on induc-
tion of labor was recorded from 1990 onwards.

Fig. 1. Study flow diagram.
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Outcome Classification

Information on the outcomes of interest and date of 
first diagnosis were extracted from the National Patient 
Register based on the International Classification of 
Diseases (ICD) codes (version 10). Date of diagnosis 
was defined as the date of hospitalization that led to the 
first psychosis diagnosis. The National Patient Register 
includes inpatient data from 1964 and outpatient data 
from 2001 (which will capture outcome diagnoses made 
in day cases not requiring hospitalization).

Primary Outcome: Any Psychosis. The primary outcome 
was defined as any psychosis diagnoses based on ICD-10 
codes: Schizophrenia, Schizotypal disorder, Persistent 
delusional disorders, Acute and transient psychotic disor-
ders, Induced delusional disorder, Schizoaffective disor-
ders, Other nonorganic psychotic disorders, Unspecified 
nonorganic psychosis (F20-29), Mania with psychotic 
symptoms (F30.2), Bipolar affective disorder (F31), 
Severe depressive episode with psychotic symptoms 
(F32.3), and Recurrent depressive disorder, current epi-
sode severe with psychotic symptoms (F33.3).

Secondary Outcomes. Nonaffective psychoses, affective 
psychoses (defined according to previous literature which 
used the Swedish registry data).26

Nonaffective Psychoses   Schizophrenia, schizotypal dis-
order, persistent delusional disorders, acute and tran-
sient psychotic disorders, induced delusional disorder, 
schizoaffective disorders, other nonorganic psychotic dis-
orders, and unspecified nonorganic psychosis (F20-29).

A subgroup analysis including schizophrenia only was 
performed.
Affective psychoses   Bipolar affective disorder (F31), 
Mania with psychotic symptoms (F30.2), severe depres-
sive episode with psychotic symptoms (F32.3), and recur-
rent depressive disorder, current episode severe with 
psychotic symptoms (F33.3).

Subgroup analyses including bipolar disorder only and 
depression with psychosis only were performed.

For the main psychosis analysis, the date of first psy-
chosis diagnosis was used (if  a person had multiple 
diagnoses, date of first diagnosis was used). If  a person 
was ever diagnosed with nonaffective psychoses, they 
were included in the analysis with the date of diagnosis. 
Likewise, if  a person was ever diagnosed with affective 
psychoses, they were included in the analysis with the 
date of diagnosis. Therefore a person could contribute 
separately to the nonaffective and affective psychoses 
subgroup analyses.

Potential Confounders. Data on the following covariates 
were available for the adjusted analyses and categorized 
as presented in Table 1 and supplementary table 1: birth 
year (1982–1995), infant sex (male, female), maternal 

age in years (<20, 20–29, 30–39, 40+), gestational age in 
weeks (<37, 37, 38, 39, 40, >40), maternal and paternal 
citizenship (Swedish, Other Nordic country, Other coun-
try), large-for-gestational age (LGA), and small-for gesta-
tional age (SGA) (defined as birth weight for gestational 
age that differed from the mean by ± 2 standard devia-
tions, respectively). Gestational age was estimated by the 
first or early second trimester ultrasound if  available; oth-
erwise, information from the last menstrual period was 
used; Apgar score at 5 min (low [0.3], intermediate [4–6], 
high [7–10]), parity (primiparous/multiparous), receiv-
ing social welfare at time of birth (yes, no; data on social 
welfare available from 1983 onwards), family disposable 
income at time of birth (based on quintiles, first–fifth), 
parental highest education at time of birth (pre-high 
school, high school, post-high school) [data on education 
available from 1990 onwards], and maternal and paternal 
history of depression, bipolar disorder, and nonaffective 
psychosis (categorized as never, diagnosed before birth, 
diagnosed after birth).

Statistical Analysis

Using Cox regression, we estimated the partially and fully 
adjusted hazard ratios (HR), with 95% confidence inter-
vals (CI). We report partially adjusted models controlling 
for birth year as crude models violated the proportional 
hazards assumption. The effects of all covariates based on 
previous literature were tested individually (supplemen-
tary figure 1)27. As no individual variable appeared to have 
a confounding effect, the fully adjusted model controlled 
for a priori defined variables gestational age, SGA, Apgar 
score, maternal age, and maternal psychiatric history.14,15,28 
The relationship between mode of delivery and Apgar 
score is complex. Apgar score may have a confounding 
or mediating effect on the observed associations, however 
in the present study, Apgar score alone appeared to have 
no effect on the association. In the first set of analyses, we 
analyzed exposure to obstetric mode of delivery for the 
primary and secondary outcomes (any psychosis, nonaf-
fective psychoses, and affective psychoses).

Additional Analyses. We undertook further analyses as 
follows: among sub-populations (term infants only [37+ 
weeks], by infant sex [females only, males only], babies 
born in Stockholm county, and in those with and with-
out a history of maternal depression, bipolar disorder or 
nonaffective disorder); according to birth order (among 
first born children, among only children, and among 
those not delivered by repeat CS); and by excluding 
those with low Apgar scores (0–3); repeating the analyses 
with follow-up starting from the year 2001 onwards (as 
outpatient data were available from this date onwards) 
and restricting the analysis to women who did not have 
induction of labor (data available from 1990 onwards). 
Additionally, we estimated the association between mode 
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of delivery and any psychosis adjusted only for parental 
and sibling history of psychosis.

Sibling-Matched Cox Regression Study. We used strati-
fied Cox regression models with a separate stratum for 

each maternal ID. In the stratified Cox regression, rather 
than being compared to the entire cohort, people with 
psychosis were compared only to their siblings without 
psychosis. In this way, the potential effects of genet-
ics, family environment, and other unmeasured factors 

Table 1. Parental and Infant Characteristics of the Study Population in Sweden 1982–1995 (Summary)

Characteristic
Total Population 
1 345 210 (100.0)

Unassisted VD 1 
133 305 (84.2)

Assisted VD 
86 139 (6.4)

Elective CS 58 
813 (4.4)

Emergency CS 
66 953 (5.0)

All psychosis 11 124 (0.83) 9378 (0.70) 670 (0.78) 554 (0.94) 552 (0.82)
Affective psychosis 7181 (0.53) 6055 (0.53) 430 (0.50) 362 (0.62) 334 (0.50)
Non-affective psychosis 5030 (0.38) 4213 (0.37) 322 (0.37) 262 (0.45) 233 (0.35)
Maternal age in years
 <20 39 321 (2.92) 33 753 (2.98) 2972 (3.45) 819 (1.39) 1777 (2.65)
 20–29 809 708 (60.19) 689 965 (60.88) 55 056 (63.92) 26 958 (45.84) 37 739 (56.37)
 30–39 47 402 (35.12) 391 919 (34.58) 26 857 (31.18) 28 161 (47.88) 25 466 (38.04)
 40+ 23 764 (1.77) 17 663 (1.56) 1254 (1.46) 2876 (4.89) 1971 (2.94)
Maternal country of birth
 Sweden 1 187 482 (88.28) 1 001 740 (88.39) 76 410 (88.71) 51 439 (87.46) 57 893 (86.47)
 Other Nordic 52 274 (3.89) 43 847 (3.87) 3127 (3.63) 2541 (4.31) 2759 (4.12)
 Other 105 441 (7.84) 87 707 (7.74) 6600 (7.66) 4833 (8.22) 6301 (9.41)
 Missing 8 (0.00) 6 (0.00) 2 (0.00) 0 (0.00) 0(0.00)
Parental highest educationa

 Prehigh school 50 592 (3.76) 42 577 (3.76) 2606 (3.03) 2474 (4.21) 2935 (4.38)
 High school 332 751 (24.74) 277 949 (24.53) 20 771 (24.11) 14 962 (25.44) 19 069 (28.48)
 Posthigh school 216 445 (16.09) 177 774 (15.69) 15 438 (17.92) 10 545 (17.93) 12 688 (18.95)
 Missing 12 197 (0.91) 10 230 (0.90) 765 (0.89) 404 (0.69) 798 (1.19)
 Born prior to 1990 733 221 (54.51) 624 771 (55.13) 46 559 (54.05) 30 428 (51.74) 31 463 (46.99)
Parents receiving welfareb

 Yes 120 477 (8.96) 101 678 (8.97) 6789 (7.88) 5196 (8.83) 6814 (10.18)
 No 1 119 909 (83.25) 941 792 (83,10) 72 285 (83.92) 49 371 (84.56) 56 101 (83.79)
 Missing 23 045 (1.71) 19 517 (1.72) 1435 (1.67) 882 (1.50) 1211 (1.81)
 Born prior to 1983 81 775 (6.08) 70 314 (6.20) 5630 (6.54) 3004 (5.11) 2827 (4.22)
Disposable income (quintiles)
 First 255 297 (18.98) 224 435 (19.80) 10 035 (11.65) 10 331 (17.57) 10 496 (15.68)
 Second 265 152 (19.71) 231 811 (20.45) 11 033 (12.81) 11 502 (19.56) 10 806 (16.14)
 Third 268 952 (19.92) 229 276 (20.23) 14 924 (17.33) 11 588 (19.70) 12 164 (18.17)
 Fourth 269 965 (20.07) 222 421 (19.63) 21 195 (24.61) 11 591 (19.71) 14 758 (22.01)
 Fifth 262 131 (19.56) 205 278 (18.11) 27 470 (31.89) 12 895 (21.93) 17 488 (26.12)
 Missing 23 708 (1.76) 20 079 (1.77) 1482 (1.72) 906 (1.54) 1241 (1.85)
Infant sex, male 654 024 (48.62) 558 504 (49.28) 36 199 (42.02) 29 063 (49.42) 30 258 (45.19)
Gestational age
 <37 weeks 65 431 (4.86) 43 795 (3.86) 2217 (2.57) 7288 (12.39) 12 131 (18.12)
 37 weeks 68 003 (5.06) 53 363 (4.71) 2815 (3.27) 6783 (11.53) 5042 (7.53)
 38 weeks 178 137 (13.24) 134 529 (11.87) 7375 (8.56) 27 816 (47.30) 8417 (12.57)
 39 weeks 315 878 (23.48) 278 614 (24.58) 16 714 (19.40) 11 003 (18.71) 9547 (14.26)
 40 weeks 380 661 (28.30) 339 859 (29.99) 25 299 (29.37) 3057 (5.20) 12 446 (18.59)
 40+ weeks 333 645 (24.80) 280 281 (24.73) 31 494 (36.56) 2710 (4.61) 19 160 (29.62)
 Missing 3450 (0.26) 2859 (0.25) 225 (0.26) 156 (0.27) 210 (0.31)
SGA 34 839 (2.60) 22 948 (2.04) 2448 (2.86) 3677 (6.30) 5766 (8.69)
LGA 43 585 (3.26) 34 633 (3.07) 2509 (2.93) 3454 (5.92) 2989 (4.50)
Apgar score (5 min)
 Low (0–3) 2 658 (0.20) 1683 (0.15) 277 (0.32) 167 (0.28) 531 (0.79)
 Intermediate (4–6) 8374 (0.62) 3852 (0.34) 1700 (1.97) 637 (1.08) 2185 (3.26)
 High (7–10) 1 302 195 (96.80) 1 099 991 (97.06) 82 869 (92.20) 56 531 (96.12) 62 804 (93.80)
 Missing 31 979 (2.38) 27 775 (2.45) 1293 (1.50) 1478 (2.51) 1433 (2.14)
First born child 552 003 (41.03) 424 147 (37.43) 69 549 (80.74) 18 671 (31.75) 39 636 (59.20)

Notes: More than 1 diagnosis was possible and so the number of affective and non-affective psychosis do not add up to the total for all 
psychosis. Data are n (%) unless otherwise stated. CS, Caesarean section; VD, vaginal delivery; LGA, large for gestational age; SGA, 
small for gestational age.
aParental highest education: data recorded from 1990 onwards.
bParents receiving welfare: data recorded from 1983 onwards.
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shared between siblings, were accounted for. Analyses 
adjusted for the same covariates as in the main Cox 
regression models. Only families discordant for the expo-
sure and outcome contributed information to the main 
estimates, though all families with at least 1 child with 
a diagnosis of psychosis were included in the analysis, 
as they contributed to covariate estimates. We repeated 
stratified analysis among those not delivered by repeat CS 
(excluding children born by CS whose mothers’ had pre-
viously delivered through CS).

Missing data. Where data were missing, the missing 
indicator method29 was employed including the missing 
data as a separate category.

Analyses were conducted using the SAS software 
package, version 9.4, employing the PROC PHREG 
command.30

Results

Descriptive Statistics

There were 1 489 925 live births in Sweden between 
January 1st 1982 and December 31st 1995. After exclusion 
criteria were applied [multiple births (n = 34199); missing 
data on obstetric mode of delivery (n = 52 562); children 
who died or emigrated before age 16 (n = 56 908); had a 
diagnosis of psychosis before age 16 (n  =  1050)], there 
were 1 345 210 children eligible for inclusion in the study 
(figure 1). The characteristics of the study population are 
summarized in table 1 (detailed version in supplementary 
table 1). Of these, 1 333 305 (84.2%) gave birth by unas-
sisted VD; 86 139 (6.4%) by assisted VD; 58,813 (4.4%) 
by elective CS, and 66 953 (5.0%) by emergency CS. There 
were 11 124 (0.83%) diagnoses for any psychosis, 5030 
(0.38%) nonaffective psychoses, and 7181 (0.53%) affec-
tive psychoses in the total population (table 1). Note that 
as more than 1 diagnosis was possible (ie, a person could 
have both nonaffective and affective psychoses diagnoses) 
the total numbers of nonaffective and affective psychoses 
diagnoses do not add up to the total for any psychosis.

Cohort Cox Regression

Any Psychosis. Elective CS was associated with any psy-
chosis in the partially (HR 1.19, 95% CI 1.07–1.32) and 
fully (HR 1.13, 95% CI 1.03–1.24) adjusted models com-
pared to unassisted VD (table 2). No association between 
assisted VD (HR 0.95, 95% CI 0.87–1.03) or emergency 
CS (HR 0.97, 95% CI 0.88–1.06), and development of 
psychosis in offspring was found in the fully adjusted 
models.

Nonaffective Psychoses. Schizophrenia Only (n = 1172)  
In the partially adjusted model, an increased but insig-
nificant association was found across all modes of deliv-
ery and development of schizophrenia (table 3): assisted 

VD (HR 1.08, 95% CI 0.86, 1.36); elective CS (HR 1.16, 
95% CI 0.89–1.52) and emergency CS (HR 1.29, 95% CI 
1.00–1.66). This insignificant association did not change 
in the fully adjusted model (table 3). When the associa-
tion between obstetric mode of delivery and nonaffec-
tive psychosis including schizophrenia (n  =  5031) was 
examined, elective CS was associated with an increased 
association in the partially adjusted model (HR 1.24, 
95% CI 1.09–1.40) which became insignificant in the fully 
adjusted model (HR 1.13, 95% CI 0.99–1.29). No asso-
ciation was found between assisted VD or emergency CS 
and risk of nonaffective psychoses in both the partially 
and fully adjusted models (table 3).

Affective Psychoses. Bipolar Disorder Only (n = 6260)  
A significantly increased hazard of bipolar disorder 
was found in the partially (HR 1.18, 95% CI 1.05–1.33) 
and fully (HR 1.16, 95% CI 1.03–1.31) adjusted models 
for elective CS only (table 3). There was no association 
between assisted VD or emergency CS and development 
of bipolar disorder in the partially or fully adjusted mod-
els (table 3).
Depression with Psychosis (n = 1294) An increased but 
insignificant hazard of depression with psychosis was 
found in children born through elective CS in the par-
tially (HR 1.29, 95% CI 1.00–1.67) and fully (HR 1.21, 
95% CI 0.92–1.58) adjusted models. There was no asso-
ciation between assisted VD or emergency CS and the 
development of depression with psychosis (table 3).
Affective Psychoses (n  =  7,181) When looking at all 
affective psychoses cases combined, elective CS was 
associated with affective psychosis in both the partially 
(HR 1.20, 95% CI 1.08–1.33) and fully (HR 1.17, 95% CI 
1.05–1.31) adjusted models (table 3).

Additional Analyses

To further investigate the association between elective CS 
and the development of psychosis in offspring additional 
adjusted analyses across a range of subgroups were con-
ducted (supplementary tables 2 and 3). Overall the results 
were not changed. Although female babies delivered by 
elective CS had a greater increased hazard of psychosis 
(HR 1.20, 95% CI 1.07–1.34) compared to male babies 
(HR 1.04, 95% CI 0.90–1.20), the difference was not sta-
tistically significant (P = .13). Adjusting for parental and 
sibling history of psychosis also had no effect on results 
(data not presented, available on request).

Sibling-Matched Cox Regression Study

To control for genetic and environmental confound-
ing, a sibling control study using Cox regression models 
stratified on maternal ID was conducted. In the par-
tially adjusted and fully adjusted analyses, there was 
no association between obstetric mode of  delivery and 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv152/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv152/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv152/-/DC1


638

O’Neill et al

development of  any psychosis (Table  4). The previous 
association between elective CS offspring and psycho-
sis disappeared (HR 1.03, 95% CI 0.78–1.37) and was 
no longer statistically significant. Results were simi-
lar among those not born through repeat CS (data not 

presented, available on request). Similarly, further analy-
sis using Cox regression models stratified on maternal ID 
including affective psychoses only and bipolar disorder 
only showed no association (data not presented, avail-
able on request).

Table 3. The Association Between Mode of Delivery and Psychosis Using Cox Models Stratified on Family

Outcome Exposed Casesa Person-Years
Partially Adjusted 
HR (95% CI)b

Fully Adjusted 
HR (95% CI)c

All psychosis
 Unassisted VD 850 139 000 Ref Ref
 Assisted VD 437 6369 0.94 (0.79, 1.12) 0.92 (0.77, 1.11)
 Elective CS 198 2758 1.05 (0.80, 1.38) 1.03 (0.78, 1.37)
 Emergency CS 278 3936 1.07 (0.85, 1.35) 1.07 (0.83, 1.36)

Notes: Data are adjusted hazard ratios (HR) with 95% confidence intervals (CI). CS, caesarean section; VD, vaginal delivery.
aThough all families with at least 1 case of psychosis were included in analysis, numbers for exposed cases, and person-years reported 
here reflect only informative strata (discordant on both mode of delivery and psychosis).
bPartially adjusted: for birth year.
cFully adjusted: for gestational age, small for gestational age, Apgar score at 5 min, maternal age, and maternal psychiatric history.

Table 2. The Association Between Mode of Delivery and Affective or Nonaffective Offspring Psychosis

Outcome Exposed Cases Person-Years
Partially Adjusted  
HR (95% CI)a

Fully Adjusted  
HR (95% CI)b

Any psychosis
 Unassisted VD 9,378 7 594 943 Ref Ref
 Assisted VD 674 574 390 0.95 (0.86, 1.05) 0.95 (0.87, 1.03)
 Elective CS 554 380 397 1.19 (1.07, 1.32) 1.13 (1.03, 1.24)
 Emergency CS 522 408 390 1.02 (0.92, 1.14) 0.97 (0.88, 1.06)
Nonaffective psychosis
Nonaffective psychosis including schizophrenia
 Unassisted VD 4213 7 611 772 Ref Ref
 Assisted VD 322 575 842 1.01 (0.90, 1.13) 1.01 (0.90, 1.14)
 Elective CS 262 381 518 1.24 (1.09, 1.40) 1.13 (0.99, 1.29)
 Emergency CS 234 409 552 1.04 (0.91, 1.19) 0.92 (0.80, 1.06)
Schizophrenia only
 Unassisted VD 971 7 626 327 Ref Ref
 Assisted VD 80 576 632 1.08 (0.86, 1.36) 1.09 (0.86, 1.38)
 Elective CS 56 382 250 1.16 (0.89, 1.52) 1.02 (0.77, 1.35)
 Emergency CS 65 410 189 1.29 (1.00, 1.66) 1.10 (0.85, 1.44)
Affective psychosis
Affective psychosis including bipolar disorder and depression with psychosis
 Unassisted VD 6055 7,610,601 Ref Ref
 Assisted VD 430 575,610 0.95 (0.86, 1.04) 0.94 (0.85, 1.04)
 Elective CS 362 381,271 1.20 (1.08, 1.33) 1.17 (1.05, 1.31)
 Emergency CS 334 409,367 1.02 (0.92, 1.14) 0.77 (0.88, 1.10)
Bipolar disorder
 Unassisted VD 5280 7 614 439 Ref Ref
 Assisted VD 377 575 842 0.95 (0.86, 1.06) 0.94 (0.85, 1.05)
 Elective CS 312 381 518 1.18 (1.05, 1.33) 1.16 (1.03, 1.31)
 Emergency CS 291 409 552 1.02 (0.91, 1.15) 0.99 (0.88, 1.12)
Depression with psychosis
 Unassisted VD 1096 7 625 928 Ref Ref
 Assisted VD 73 576 724 0.92 (0.71, 1.17) 0.94 (0.73, 1.20)
 Elective CS 72 382 200 1.29 (1.00, 1.67) 1.21 (0.92, 1.58)
 Emergency CS 53 410 231 0.91 (0.68, 1.21) 0.84 (0.62, 1.14)

Notes: Data are adjusted hazard ratios (HR) with 95% confidence intervals (CI). CS, Caesarean section, VD, vaginal delivery.
aPartially adjusted: for birth year.
bFully adjusted: for gestational age, small for gestational age, Apgar score at 5 min, maternal age, and maternal psychiatric history.
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Discussion

Main Findings

In the current study, a large-population based cohort 
including all children born in Sweden between 1982 and 
1995 was used to examine the association between obstet-
ric mode of delivery and the development of psychosis at 
age 16 years or later. In the nonstratified Cox regression 
analyses, a small but statistically significantly increased 
association between delivery by elective CS and develop-
ment of psychosis was found. This remained in extensive 
analyses by type of psychosis, and among different sub-
groups. In the sibling-matched Cox regression (stratified 
by maternal ID), which may control for the effects of envi-
ronmental and familial confounding factors shared by sib-
lings, the association between elective CS and psychosis 
in offspring disappeared. The increased association found 
in the Cox regression is most likely explained by residual 
confounding, for example underlying medical complica-
tions which necessitated an elective CS in the first place. 
The sibling-matched Cox regression study, which is a way 
of testing for causal associations in observational studies, 
negated the increased association found in the Cox mod-
els. Therefore, a causal relationship between elective CS 
and psychosis is not supported in this population.

Previous studies investigating obstetric mode of deliv-
ery and subsequent psychiatric illnesses in offspring have 
provided conflicting results. A recent study from Finland 
reported an increased OR of 2.51 (95% CI 1.32–4.78) for 
the development of bipolar disorder associated with elec-
tive CS only8 in contrast to a previous population-based 
study by Bain et al31. In the current study, we found a 16% 
increased hazard of bipolar disorder among the elective 
CS group (HR 1.16, 95% CI 1.03–1.31), however age 
at diagnosis was 16 years or later in our study and age 
10 years or later in the Finnish study.8 A  large register-
based study including over 500 000 children reported an 
increased but insignificant association between Caesarean 
delivery and odds of schizophrenia (OR 2.6, 95% CI 0.6–
10.9).32 This was echoed in a case-control study which 
found that CS was not associated with schizophrenia 
in the offspring (OR 0.70, 95% CI 0.2–2.9). The main 
weaknesses of the studies conducted to date include 
lack of statistical power (ie, small sample sizes) to study 
rare outcomes such as psychosis.19 Also, lack of detailed 
information on obstetric confounders and variations 
in definitions recorded limit the ability to examine any 
association between obstetric mode of delivery and sub-
sequent psychosis in the offspring.33 Furthermore, none 
has hitherto explored whether there is support or not for 
a causal relationship by sibling design.

Strengths and Limitations

The current study incorporated a large population-based 
cohort design using the Swedish National Registers, 

which are validated24 and include more than 99% of all 
births in Sweden. Therefore selection bias is not an issue. 
This study to our knowledge is the largest to date incor-
porating detailed data on obstetrical factors including the 
type of CS as well as reliable diagnoses of the various 
psychosis outcomes using ICD codes validated in previ-
ous studies as sufficiently sensitive and specific to be used 
in epidemiological studies.34,35 We were also able to adjust 
for many key potential confounders including maternal 
age and history of maternal psychosis. Rigorous addi-
tional analyses including specific subpopulations (term 
babies, male babies only, female babies only, babies born 
in Stockholm county, etc.) were also possible.

In addition, we were able to conduct a sibling-matched 
Cox regression study which tested for causality and 
disproved the association which was found in the Cox 
regression analyses between elective CS and subsequent 
psychosis. The sibling-matched approach is probably 
the most widely used sibling design used to character-
ize designs based on stable family context.36 The advan-
tage of this approach is its ability to vary one aspect of 
the environment while keeping so much else comparable 
and is particularly suitable for examining the relation of 
maternal exposures or conditions across pregnancies and 
provide a major advantage over population studies of 
unrelated individuals.37

Although we had information on whether obstetric 
mode of delivery was an emergency or elective CS, we did 
not have details on the medical indication for CS. In addi-
tion, the CS rate in Sweden (17%) is lower compared to 
other European countries (for example Cyprus has a rate 
of more than 52%).38 One implication of this is that there 
may be a very low rate of nonmedically indicated CS, 
due partly as a result of the unique healthcare system in 
Sweden and antenatal counseling offered to women which 
can reduce CS rates and maternal requests for a CS.39 The 
Swedish population may have limitations in its use for the 
current study as a result. Furthermore, information on 
outpatient cases was only recorded from 2001 onwards 
and so any cases of psychosis treated in the outpatient 
department before this may not have been recorded. We 
did conduct an additional analysis that restricted follow-
up to 2001 or later however, and this did not change the 
overall findings. Furthermore, the offspring in the cohort 
born in 1995 are now only 20 years of age and some will 
still go on to develop schizophrenia at a later age and 
some subtypes of schizophrenia (eg, paranoid schizo-
phrenia) more commonly develop in middle-aged people 
and bipolar illnesses also have a later onset. In addition, 
sibling control designs are not without limitations includ-
ing the inability to determine whether any confounding is 
as a result of family environment, hereditary or a mixture 
of both.36,37,40 Another potential limitation of sibling con-
trol designs is the possibility that 1 child families may be 
meaningfully different than families with 2 or more chil-
dren. Though we are unable to determine if  controlling 
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for genetics and family environment as we did with our 
sibling control design would have led to the same amelio-
ration of the association in 1 child families, our subgroup 
analysis on 1 child families in the main cohort implies 
no difference in effect. As women are more likely to give 
birth by CS if  they have had a previous CS,41 we can-
not assume independence of exposure between siblings. 
Again, though we were able to conduct sensitivity analy-
ses both in the main cohort (among first born and exclud-
ing repeat CS) and in the sibling control design (excluding 
repeat CS) which implied no effect on results, it is pos-
sible this relatedness of exposure may have affected the 
sibling control analysis findings.42 As with any observa-
tional epidemiological study, residual confounding can-
not be ruled out, however, in the absence of clinical trials, 
population-based cohort studies remain the best way to 
test the association between mode of delivery and psy-
chosis in offspring. 

Conclusion

The current study found a small association between elec-
tive CS and psychosis, nonaffective psychoses and affec-
tive psychoses, which remained in extensive subgroup 
analyses. This positive association however, disappeared 
in the sibling-matched Cox regression analyses implying 
the relationship is not causal but most likely as a result of 
unknown familial confounding due to unmeasured fac-
tors such as genetics or environment. Further research 
using population-based data as in the current study is 
warranted to confirm the findings.
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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