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ABSTRACT
Background & Objectives: Little is known about early life risk factors for food
allergy in children. We examined the association between perinatal characteristics and
future risk of food allergy in offspring.
Methods: This nationwide Swedish cohort study of 1,086,378 children born in
Sweden in 2001-2012 used prospectively recorded data from health care registers.
Using Cox regression, we estimated hazard ratios (HRs) with 95% confidence
intervals (CIs) for the association between perinatal characteristics (e.g. caesarean
delivery, preterm birth) and food allergy as defined by diagnoses in the National
Patient Register, adjusting for infant sex and maternal factors (age at delivery, country
of birth, parity, smoking, body mass index and asthma/pulmonary disease).
Results: During the 13-year follow-up, 26,732 children (2.5%) were diagnosed with
food allergy. Food allergy was positively associated with caesarean delivery
(HR=1.21; 95%CI=1.18-1.25), large for gestational age (HR=1.15; 95%CI=1.101.19) and low 5-minute Apgar score (HR=1.22, 95CI=1.10-1.36) but negatively
associated with very preterm birth (<32 weeks of gestation: HR=0.74; 95%CI=0.560.98). No association was found between food allergy and moderately preterm birth,
low birth weight or small for gestational age. Risk estimates were similar when the
outcome was restricted to two records of diagnosed food allergy.
In 1,000 children undergoing caesarean delivery, an extra 5 developed food allergy
compared with the reference group, suggesting that 17% of food allergy in children
born with caesarean delivery can be explained by this exposure (attributable
fraction).
Conclusions: Caesarean delivery was associated with increased risk of food allergy,
whereas very preterm birth with decreased risk.
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Key messages:
• caesarean delivery, large for gestational age and low 5-minute Apgar score
increased the risk of food allergy
• inversely, very preterm birth was associated with lower risk of later food
allergy

Capsule Summary: This study found an increased risk of food allergy in offspring
exposed to caesarean delivery and a decreased risk in children born very preterm
illustrating the impact of early life influences on the development of food allergy.

Keywords: Food allergy; preterm birth; caesarean delivery; children.

Abbreviations used:
HR: Hazard ratio
CI: Confidence interval
SGA: Small for gestational age
LGA: Large for gestational age
MBR: Medical Birth Register
NPR: National Patient Register
BMI: Body Mass Index
ICD: International classification of disease
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INTRODUCTION
Food allergy, defined as a reproducible adverse immune response to food proteins,
represents a global public health concern.1-3 The prevalence of food allergy is still
increasing4-6 and although there is an interest in potentially aetiological environmental
components, very little is known about early life risk factors, such as perinatal
influences.7, 8 Two meta-analyses have shown that caesarean delivery is associated
with moderately increased risk of asthma and atopic disease.9, 10 A delayed and altered
gastrointestinal microbe colonisation has been suggested as a possible aetiological
factor11, 12, however, one large register-based sibling study from Sweden proposed
that the underlying indications for caesarean delivery may explain this association.13
One retrospective study reported an increased risk of allergic rhinoconjunctivitis and
asthma after caesarean delivery. Yet, this association was gender-specific and was
only seen in girls.14

Preterm birth and low birth weight have also been linked to an increased risk of
asthma.15-18 A meta-analysis of 17 studies reported a 1.46-fold increased risk of
asthma or childhood wheeze after preterm birth.19 Although caesarean delivery and
preterm birth may predispose offspring to asthma, there is insufficient and conflicting
data on the impact of perinatal factors on the development of food allergy.14, 20-23 A
systematic review suggested that caesarean delivery increases the risk of sensitisation
to food allergens.24

The aim of this study was to examine the association between caesarean delivery,
preterm birth, low birth weight, small for gestational age, large for gestational age
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(LGA) and low Apgar score (<7) at 5 minutes and future food allergy in over 1
million children born in Sweden between 2001 and 2012.

METHODS
Study design and population
This nationwide longitudinal cohort study used prospectively recorded data from the
Swedish Medical Birth Register (MBR) and the National Patient Register (NPR) to
investigate the association between perinatal characteristics and food allergy.
Information from the MBR was linked to the NPR using the unique personal identity
number assigned to all Swedish residents.25

We identified 1,232,739 consecutively born children in Sweden between 2001 and
2012 in the MBR, retrieving data on offspring sex, mode of delivery, gestational age,
birth weight and 5-minute Apgar score and we examined the risk of developing food
allergy up to the year 2013. Among these children, 1,088,990 (88.3%) had complete
data on all covariates (listed in Table 1). We restricted our cohort to offspring with a
follow-up of at least 60 days after birth by excluding individuals who died before that
age or had a diagnosis of food allergy in the first 2 months of life (we deemed that a
diagnosis <2 months had low validity). In our final analyses 1,086,378 children
(88.1%) were included (age range at end of follow-up: 0.2 to 12.8 years). Follow-up
time ended with first diagnosis of food allergy, death or December 31, 2013,
whichever came first.
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Covariates
Maternal characteristics analysed in this study were extracted from the MBR and
consisted of age at delivery, country of birth, parity, self-reported smoking habits at
first antenatal visit, body mass index (BMI) in early pregnancy, and maternal
asthma/pulmonary disease. We divided our data into three calendar periods based on
year of birth. Covariates are described in Supplementary eTable 1.

Exposures
Mode of delivery was categorised as vaginal or caesarean. Caesarean delivery was
further divided into elective (before the onset of labour) or emergency. Other
exposures are described in the appendix.

Outcome - Food allergy
Through the Swedish NPR, we identified children in our cohort diagnosed with food
allergy during follow-up. We restricted our study to individuals born in 2001 or later
since outpatient care was first included in the NPR in 2001.26 In this study, food
allergy was defined as having a relevant ICD (international classification of disease)10 code: Z91.0A-E.

Statistical analyses
Cox regression was used to estimate hazard ratios (HRs) for the association between
exposures and food allergy diagnosis adjusting for sex and maternal factors: age at
delivery, country of birth, parity, early pregnancy smoking, BMI and
asthma/pulmonary disease (Tables 1 and 2). We further examined the risk of having at
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least two records of a diagnosis of food allergy (Table 1). In a separate analysis, we
stratified for years of follow-up (Table 2). For instance, the HR for the follow-up time
<1 year reflects food allergy diagnosed in children aged between 2 and 14 months.
Finally, we calculated excess risks and population attributable fractions (%) for
developing food allergy in children by pregnancy outcomes based on observed and
expected incidence rates per 100,000 person-years standardised as regards covariates
(Table 1).

HRs with 95% confidence intervals (CIs) that did not include 1.0 were considered
statistically significant.

Ethics
The study was approved by the Regional Ethical Review Board in Stockholm,
Sweden (Dnr. 2008/1182-31/4).

RESULTS
Among the 1,086,378 children included in this study during the 13-year follow-up,
26,732 (2.5%) developed food allergy; of these, 14,534 (1.3%) had at least two
hospital-based diagnoses of food allergy. The median age at first diagnosis of food
allergy was 1.6 years (range 0.2-12.8 years). The median follow-up was 6.4 years
(range 0.2-13 years). Food allergy was more likely to occur in female children,
children to Swedish mothers and to mothers with asthma/pulmonary disease (eTable
1).
Adjusted HRs were calculated to estimate the association between perinatal
7

characteristics and risk of future food allergy (Tables 1 and 2). Food allergy was
positively associated with caesarean delivery (HR=1.21; 95%CI=1.18-1.25), both
elective (HR=1.18; 95%CI=1.13-1.23) and emergency (HR=1.24; 95%CI=1.19-1.29).
Inversely, food allergy was negatively associated with very preterm birth (HR=0.74;
95%CI=0.56-0.98) but not with moderately preterm (HR=0.96, 95%CI=0.90-1.03) or
post-term birth (HR=1.01; 95%CI=0.97-1.06). The risk of future food allergy
increased in infants born LGA (HR=1.15; 95%CI=1.10-1.19) and infants with a low
Apgar score (HR=1.22; 95%CI=1.10-1.36). No association was found between low
birth weight or SGA and future food allergy (Table 1). Adjusting for calendar period
did not change the association between caesarean delivery and food allergy
(HR=1.20; 95%CI=1.17-1.24).

When the outcome was restricted to offspring with at least two recorded diagnoses of
food allergy, we found similar risk estimates for all but one exposure: a borderline
positive association between post-term birth and food allergy (HR=1.07;
95%CI=1.00-1.13) (Table 1). The results did not change more than marginally when
we stratified for follow-up (<1 year, 1-4.99 years, ≥5 years). The risk of food allergy
in offspring with caesarean delivery and a ≥5-year follow-up was still 21% higher
than vaginal delivery (HR=1.21; 95%CI=1.12-1.30). Moreover, the HR point estimate
for food allergy related to very preterm birth was unchanged, albeit no longer
statistically significant and with a wide confidence interval (HR=0.74; 95%CI=0.381.43). No difference was found in the HRs for food allergy in LGA infants, low 5minute Apgar score and the other exposures among the three subgroups (<1 year, 14.99 years, ≥5 years) during the follow-up or in risk estimates between boys and girls
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(Table 2). We found no difference in HRs when we divided our data into three
calendar periods of birth (2001-2004, 2005-2008, 2009-2012).

Excess risks of future food allergy per 100,000 person-years (adjusted for covariates)
and population attributable fractions were calculated. As per our findings, in 1,000
children exposed to caesarean delivery, an extra 5 developed food allergies during the
follow-up compared with the reference group. The population attributable fraction
was 17% for caesarean delivery, suggesting that 17% of all food allergy in children
born with caesarean delivery may be due to this exposure. The excess risks and
population attributable fractions for the other exposures are shown in Table 1.

DISCUSSION
In this population-based study of over 1 million children we found that caesarean
delivery (elective and emergency) increased the risk of food allergy in the offspring.
In addition, children born LGA or with low 5-minute Apgar score were more likely to
have a diagnosis of food allergy. Inversely, very preterm birth was associated with
lower risk.

The increased risk of food allergy observed in children born via caesarean section is
consistent with most previous research24, 27, 28, but contrasts to data from Renz-Polster
et al. Yet, the proportion of children developing food allergy was low in their study
(0.37% compared with 2.5% in ours).14 Furthermore, a second study of 512
Norwegian children failed to demonstrate an association between caesarean delivery
and food allergy.23 However, that study included a very high proportion children born
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preterm (31.5%). Considering that half of these children were born by caesarean
delivery, this may have influenced the findings of the study.

It is noteworthy that our study suggests that both elective and emergency caesarean
deliveries predispose to food allergy. This positive association strengthens the theory
that exposure to the vaginal microflora may reduce the risk of offspring atopic
manifestations. It has previously been implied that mode of delivery is a significant
determinant of the post-partum adaptation of the immune system.29 Moreover, the
hygiene hypothesis stipulates that intestinal microbiota composition influences oral
tolerance and the immune response to allergens in children. Van Nimwegen et al
found that caesarean delivery is strongly associated with C. difficile colonisation
which consequently increases the risk of wheeze, eczema and sensitisation to food
allergens in childhood.11 Caesarean delivery seems to delay and alter the development
of the offspring immune system, subsequently increasing the risk of atopic
disease.11,12

Our results also suggest that very preterm birth is negatively associated with food
allergy. In contrast, Liem et al found no association between low birth weight or
preterm birth and risk of food allergy.20 Our cohort was substantially larger, hence, a
further examination of the hypothesis that an immature gastrointestinal tract leads to
increased permeability and food antigen uptake and predisposes to early food
sensitisation30 is needed. The observed negative association between very preterm
birth and food allergy indicates that either very preterm birth per se, or associated
neonatal care initiated in very preterm-born children (including early introduction of
foods orally), may be involved in the induction of tolerance to foods. These findings
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are in accordance with observations that the risk of atopy is influenced by factors
operating during early stages of development.31 Our findings are intriguing in view of
the results from recent trials on early introduction of allergenic foods and current
discussions worldwide on strategies to prevent food allergy in children.7, 32

Strengths of the present study include its longitudinal population-based design and
large size of more than one million births. Through nationwide registers, we could
include virtually all births in Sweden between 2001 and 2012, minimising selection
bias typically seen in studies from tertiary centres.33

The main methodological concern in this study relates to potential confounding
factors. We controlled for a broad range of covariates but were unable to investigate
the role of breastfeeding or antibiotic use. Another limitation is the lack of nutritional
information. Early nutrition may differ between preterm and full-term-born infant
children.

In this study, the diagnosis of food allergy was based on relevant ICD-10 codes. Such
codes may have low sensitivity and thus there is a risk that mild food allergy has not
been captured. We chose to use a narrow definition of food allergy. A drawback with
a specific definition is that we may have missed some cases with food allergy and that
absolute risks for food allergy may therefore be underestimated. We are unaware of
any validation study of the specificity of ICD-10 codes for food allergy in the NPR
but the positive predictive value for most diagnoses ranges from 85-95%.26, 34
However, to increase specificity we examined the risk of having at least two
diagnoses of food allergy during the follow-up. This sensitivity analysis demonstrated
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similar risk estimates, except for a slightly higher risk of food allergy in children born
post-term.

In conclusion, using a large population database, we found an increased risk of food
allergy in children born through elective or emergency caesarean delivery compared
with those delivered vaginally. In contrast, children born very preterm were at a lower
risk of food allergy.
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