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ABSTRACT
Objectives  To evaluate the association between 
caesarean section and migraine in a population-based 
register-linked cohort study.
Setting  Data from the population-based Nord-Trøndelag 
Health Studies (HUNT2 and HUNT3) were linked to 
information from the Norwegian Medical Birth Registry.
Participants  65 343 participants responded to the 
headache questions in any of the two HUNT studies. 
Only those answering the headache questions in HUNT2 
or 3 and had information about mode of delivery in the 
Norwegian Medical Birth Registry (born after 1967) were 
included. Our final sample consisted of 6592 women and 
4602 men, aged 19–41 years.
Outcomes  ORs for migraine given caesarean section. 
Analyses were performed in multivariate logistic 
regression models.
Results  After adjusting for sex, age and fetal growth 
restriction, delivery by caesarean section was not 
associated with migraine later in life (OR 0.86, 95% CI 0.64 
to 1.15). Delivery by caesarean section was associated 
with a reduced OR of non-migrainous headache (OR 0.77, 
95% CI 0.60 to 0.99).
Conclusion  No association was found between caesarean 
section and migraine in this population-based register-
linked study.

INTRODUCTION
The increasing use of caesarean section 
throughout the Western world has led to 
concerns about possible short-term and long-
term consequences for the newborn child.1–3

Reported short-term negative health 
effects during the neonatal period include 
impaired lung function, hypoglycaemia, 
reduced breastfeeding initiation and altered 
innate and adaptive immune responses.2 In 
the long term, caesarean section has been 
linked to increased risk of diabetes mellitus 
type I and II, arthritis, dyslipidaemia, meta-
bolic syndrome, obesity, coeliac disease and 
inflammatory bowel disease, and a recent 
study reported an increased risk of chronic 
inflammatory disorders at least 40 years after 
caesarean delivery.4–9 Unlike those born vagi-
nally, children delivered by caesarean section 

are not exposed to maternal vaginal and faecal 
bacteria at birth, but rather to skin bacteria. It 
has been suggested that this results in altered 
bacterial communities and microbiota,10–12 
which in turn can lead to an increased 
response to environmental factors, predis-
posing to autoimmunity and chronic inflam-
matory disorders later in life.10–12 As the brain 
and the gastrointestinal tract are strongly 
connected via neural, humoral and immune 
pathways, there is an increasing interest in the 
gut–brain connection within the neurosci-
ence field.12–14 Migraine is a common chronic 
neurological disorder usually starting during 
early adulthood, but may also be present from 
childhood.15 The exact mechanism behind 
migraine is unknown, but both genetic and 
environmental factors are involved.15 It 
has been associated with several immune-
mediated conditions including asthma, 
allergic rhinitis, allergic conjunctivitis, atopic 
disease, coeliac disease, inflammatory bowel 
diseases, systemic lupus erythematosus and 
Sjögren’s syndrome.16–19

The possible role of mode of delivery 
has not been examined in prior studies of 
migraine. We hypothesised that caesarean 
section increases the risk of migraine and our 
aim was to explore the association between 
being delivered by caesarean section and 
migraine later in life.

Strengths and limitations of this study

►► Sample from the general population.
►► Linkage through the unique personal identification 
number to the National Medical Birth Registry.

►► Validated headache questionnaires based on the 
International Classification of Headache Disorders.

►► Large separation in time between mode of delivery 
at birth and development of later migraine.

►► Lack of more detailed information from the Medical 
Birth Registry.
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METHODS
Study population
The Nord-Trøndelag Health Study (HUNT) is a large, 
population-based cohort study carried out in Nord-
Trøndelag county, Norway. The study has been described 
in detail elsewhere.20 Briefly, in HUNT2 (1995–1997) 
and HUNT3 (2006–2008), all inhabitants (age ≥20) 
in the county were invited to participate. Data were 
collected using questionnaires, including more than 200 
health-related questions, and clinical examinations. We 
combined the HUNT2 and HUNT3 Surveys and used 
them in a retrospective cohort study design.

Information on mode of delivery was obtained through 
the Norwegian Medical Birth Registry.21 The Norwegian 
Medical Birth Registry contains data on all live births and 
stillbirths in Norway since 1967, including: date of birth, 
birth weight, birth length, single or multiple birth, gesta-
tional age, malformations and mode of delivery (vaginal 
birth or caesarean section). The data are reported by the 
attending health personnel shortly after birth. These data 
are used to produce the official birth statistics, including 
counts of caesarean section deliveries.21 22 Additional 
information, such as specific diagnoses in the newborn, 
complications during pregnancy or labour, maternal 
smoking, alcohol use, medical conditions and medication 
use, were incomplete in the forms used before 1999 and 
were therefore not included.

Data were linked to HUNT by the use of the Norwegian 
personal identification numbers that are unique for each 
citizen.

Since some individuals participated in more than one 
survey, HUNT2 was chosen as the default dataset. We 
then added individuals from HUNT3 if the individual 
had not participated in HUNT2. In total, 65 343 partici-
pants responded to the headache questions in any of the 
two HUNT studies (figure 1). Among those answering the 
headache questions, 12 681 were born in 1967 or later, 
and of these 12 289, 97% had information about mode 
of delivery in the Norwegian Medical Birth Registry. We 

excluded those with missing information on age (n=1) 
or weight for gestational age (n=471). Furthermore, we 
excluded pregnancies with specific factors giving high 
risk for both caesarean section and complications, where 
the relation to migraine is not known: those who were 
born <20 weeks of gestation or >44 weeks (n=109), had 
weight for gestational age >5 SD away from the Scandina-
vian reference mean (n=21), were part of multiple births 
(n=192) or had congenital malformations (n=301). This 
resulted in a final sample of 11 194 participants.

Headache diagnoses
Headache diagnoses were assessed using questionnaires 
and classified as migraine or non-migrainous headache 
based on a modified version of the International Clas-
sification of Headache Disorders (ICHD-II).23 Subjects 
who answered ‘yes’ to the question ‘Have you suffered 
from headache during the last 12 months?’ were classi-
fied as active headache sufferers. Those who answered 
‘no’ constitute the headache-free group. Based on the 
subsequent headache questions, headache sufferers were 
classified as having migraine if they fulfilled the following 
three criteria: (1) headache attacks lasting 4–72 hours, 
(<4 hours was accepted for those who reported commonly 
occurring visual disturbances before headache); (2) 
headache with at least one of the following characteris-
tics: pulsating quality, unilateral location or aggravation 
by physical activity and (3) during headache, at least 
one of the following occurred: nausea, photophobia and 
phonophobia. In addition, the participants were asked if 
they suffered from migraine; those who responded posi-
tively to this question were also included in the migraine 
group. Headache sufferers who did not fulfil the criteria 
for migraine were classified as having non-migrainous 
headache, and the diagnoses were mutually exclusive. The 
migraine diagnosis has previously been validated by clin-
ical interviews performed by neurologists. In HUNT2, the 
sensitivity was 69% and specificity 89% (κ=0.59, 95% CI 
0.47 to 0.71).24 In HUNT3, the sensitivity and specificity 
were 49% and 96%, respectively, (κ=0.51, 95% CI 0.34 to 
0.68).25

Mode of delivery
Mode of delivery was divided into vaginal birth or 
caesarean section based on information from the Norwe-
gian Medical Birth Registry.

Covariates
Identification of potential confounding factors was based 
on a priori knowledge of possible risk factors for caesarian 
section or migraine and modelled with a directed acyclic 
graph (DAG) to visualise causal assumptions (figure 2). 
The variables considered to be potential confounders 
from the DAG, and possible to assess in our data were sex, 
age and foetal growth restriction. Certain other potential 
confounders, including maternal migraine, body mass 
index (BMI) and smoking, could not be examined as 
they were not consistently registered in the Norwegian 

Figure 1  Flowchart shows selection of participants. HUNT, 
Nord-Trøndelag Health Study.
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Medical Birth Registry prior to 1999. Age was categorised 
into 5-year groups, since it was not linearly associated with 
migraine on the logit scale. Foetal growth restriction was 
defined as birth weight by gestational age and sex below 
the 10th percentile. As a reference, we used those who 
were not born growth restricted (ie, birth weight by gesta-
tional age and sex >10th percentile). To calculate the 
percentiles, we standardised birth weight according to 
gestational age and sex based on national reference data 
and expressed them as z-scores.26

Data analysis
All analyses were performed using logistic regression 
models. We estimated ORs and 95% CIs for the associa-
tion between caesarean section (exposure) and migraine 
or non-migrainous headache (outcome), using headache-
free participants as controls. Two-tailed p values are 
reported, using 0.05 as a cut-off value for statistical signif-
icance. Statistical analyses were performed using Stata/

SE V.15.1 for Mac (StataCorp LP, College Station, Texas, 
USA).

RESULTS
Our final sample consisted of 11 194 individuals, with a 
mean age of 27.2 years (range 19.0–41.4 years). Of these, 
1855 (16.6%) had migraine and 3358 (30.0%) had non-
migrainous headache. In total, 367 individuals (3.3%) 
were born by caesarean section, and 10 827 (96.7%) 
were born vaginally. Characteristics of the participants 
are presented in table 1. Compared with headache-free 
controls participants with migraine and non-migrainous 
headache were more likely women, slightly older and 
included a higher proportion of individuals born growth 
restricted. In addition, those with non-migrainous head-
ache had a lower prevalence of caesarean section than 
headache-free controls.

Figure 2  A directed acyclic graph of the model of potential confounding factors. BMI; body mass index, LGA; large for 
gestational age, SGA; small for gestational age. 

Table 1  Characteristics of the participants

No headache
N=5981

Migraine
N=1855

Non-migrainous headache
N=3358

Sex, female, % (n) 48.9 (2924) 77.0 (1429)** 66.7 (2239)**

Age, mean years (SD) 26.9 (0.07) 28.1 (0.13)*** 27.5 (0.10)***

Foetal growth restriction, % (n) 10.9 (653) 13.2 (244)** 12.3 (414)*

Caesarean section, % (n) 3.6 (217) 3.1 (58) 2.7 (92)*

Group mean or proportion is significantly different from no-headache control mean or proportion at *p<0.05, **p<0.01 and ***p<0.001 as 
determined by χ2 tests for categorical variables and independent t-tests for continuous variables.
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For migraine, there was no association between being 
delivered by caesarean section and later development of 
migraine, neither in the crude (OR 0.86, 95% CI 0.64 to 
1.15, p=0.31) or adjusted models (OR 0.93, 95% CI 0.68 
to 1.26, p=0.63) (table 2).

For non-migrainous headache, we found a negative 
association with caesarean section, both in the crude (OR 
0.75, 95% CI 0.58 to 0.96, p=0.02) and the adjusted (OR 
0.77, 95% CI 0.60 to 0.99, p=0.04) models (table 3).

DISCUSSION
In this large population-based registry-linked study, we 
found that mode of delivery at birth was not associated 
with migraine in adulthood. Caesarean section was, 
however, associated with a modestly reduced odds of 
having non-migrainous headache, compared with those 
born vaginally.

There is generally little knowledge about how factors 
early in life affect the development of migraine,27 and to 
the best of our knowledge, no previous studies have inves-
tigated the effect of mode of delivery.

Migraine usually starts during childhood or early 
adulthood and several lines of evidence implicate the 
immune system in migraine pathogenesis.14 15 28–30 It has 
been suggested that increased rates of caesarean section 
are partly responsible for the increasing incidence of 
certain autoimmune diseases, including inflammatory 
bowel diseases, coeliac disease, asthma and rheumatoid 
arthritis, although results are conflicting.8 9 31–34 While 
several of these conditions are typically present during 
childhood, conditions usually developing in adulthood 
have also been found to be associated with caesarean 
delivery.4 5 9 Norway has a relatively low caesarean section 
rate compared with many other European countries, but 

rates have steadily increased from less than 2% in 1967 
to 16.1% in 2018.21 At the same time, there has been an 
increasing prevalence of migraine among adolescents 
both in Norway and other countries.35 36

Our study does, however, suggest that mode of delivery 
is likely not of major importance for the later develop-
ment of migraine.

The finding that caesarean section was associated with a 
modestly reduced odds of having non-migraine headache 
in adult life is difficult to interpret into pathophysiolog-
ical or clinical relevance, since the group is heterogenous 
and will include a variety of headache disorders. If further 
studies are conducted, this suggests that they should also 
include headache disorders other than migraine.

Strengths of this study include the use of a large and 
unselected population-based sample, linked to the 
National Medical Birth Registry, which should be a repre-
sentative for the Norwegian population.21 22 The general 
health focus of the questionnaires decreases the risk of 
a specific selection bias in relation to headache diag-
noses. The migraine diagnoses were validated and based 
on the ICHD criteria. Although HUNT2 and HUNT3 
used ICHD-II, the migraine criteria did not change to 
the present ICHD-3.23 37 The use of questionnaire-based 
headache diagnoses rather than clinical interview will 
lead to a degree of misclassification for headache status. 
We believe this misclassification is non-differential, since 
mode of delivery is unlikely to affect the risk of headache 
misclassification, and it would be expected to lead to an 
underestimation of the effect, thus reducing our power to 
detect a true effect.

A limitation of the study is the lack of more detailed 
information from the Medical Birth Registry. In our 
data, we could not distinguish between emergency 

Table 2  The association between caesarean section on development of migraine

N

Migraine

Crude
OR 95% CI P value

Adjusted*
OR 95% CI P value

Mode of delivery

 � Vaginal delivery 7561 1 1

 � Caesarean section 275 0.86 0.64 to 1.15 0.31 0.93 0.68 to 1.26 0.63

*The analysis was adjusted for offspring age, sex and foetal growth restriction.

Table 3  The association between caesarean section on development of non-migrainous headache

N

Non-migrainous headache

Crude
OR 95% CI P value

Adjusted*
OR 95% CI P value

Mode of delivery

Vaginal delivery 9030 1 1

Caesarean section 309 0.75 0.58 to 0.96 0.02 0.77 0.60 to 0.99 0.04

*The adjusted analyses included offspring age, sex and foetal growth restriction in the model.
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versus elective caesarean section, which may have been 
of importance. While newborns delivered by elective 
caesarean section do not acquire bacteria from the birth 
canal, those delivered by emergency caesarean section are 
usually in contact with the microbial environment of the 
birth canal. In addition, we are missing information about 
parental migraine. We know that migraine tends to run 
in families, and that parental migraine is associated with 
increased risk of offspring migraine.38 However, whether 
maternal migraine affects the mode of delivery has not 
been investigated yet. Maternal age is known to be associ-
ated with caesarean delivery rates but is probably less rele-
vant for the development of migraine in the offspring. 
Both socioeconomic status, low physical activity, obesity 
and high psychological distress, in mothers increase 
the risk of caesarean delivery and migraine,1–3 39–41 but 
this information is not available in our data. However, 
confounding by these factors would be expected to bias 
results towards a positive association, making it unlikely 
that unmeasured confounding from these factors can 
explain the lack of an association between caesarean 
section and migraine. Lastly, the large separation in time 
between mode of delivery at birth and migraine, typi-
cally presenting decades later, makes it challenging to 
study their potential association in a retrospective study. 
However, this challenge is somewhat limited by the use of 
a representative population sample combined with near 
complete retrospective information on mode of delivery.

In conclusion, we found no association between being 
born by caesarean section and migraine in adulthood. 
We suggest that genetic and environmental factors other 
than mode of delivery are more likely to be responsible 
for the potential relationship between the microbiome, 
gut and the development of migraine.

Key findings
There was no association between being born by caesarean 
section and later migraine. Genetic and environmental 
factors other than mode of delivery are more likely to be 
responsible for the potential relationship between the 
microbiome, gut and the development of migraine.
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