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Abstract
Background: Perinatal conditions may be associated with future allergic disease; 
however, data are conflicting and incomplete for childhood allergic rhinitis (AR). The 
aim of this study was to examine pregnancy outcome (cesarean delivery, preterm 
birth, low birthweight) and offspring AR as defined by national registers.
Methods: Nationwide longitudinal cohort study using prospectively recorded reg-
ister data from 1 059 600 singleton livebirths born in Sweden in 2001-2012. Cox 
regression adjusted for infant sex and maternal factors (age at delivery, country of 
birth, parity, smoking, body mass index, and asthma/pulmonary disease) estimated 
hazard ratios (HRs) for AR during childhood.
Results: During the study period 2001-2013, 22  386 (2.11%) children were diag-
nosed with AR. AR was more common in infants born through cesarean delivery 
(2.34%) than in those born vaginally (2.10%) (HR  =  1.12; 95% confidence interval 
[95% CI] = 1.08-1.16). This was equivalent to one extra case of AR in 383 children 
followed up in our study. AR was also associated with moderately preterm birth (≥32-
36  weeks of gestation: HR  =  1.12, 95% CI  =  1.04-1.20), large for gestational age 
(HR = 1.05, 95% CI = 1.01-1.10), and low (<7) 5-minute Apgar score (HR = 1.15, 95% 
CI = 1.02-1.30). Similar risk estimates were obtained when we restricted the outcome 
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1  | INTRODUC TION

Allergic rhinitis (AR) is a common condition of the nasal mucosa char-
acterized by immunoglobulin E (IgE)-mediated inflammation after aller-
gen exposure.1 Classical symptoms of AR include pruritus, rhinorrhea, 
sneezing, and nasal obstruction. AR often persists throughout life and 
tends to peak in adolescence and young adulthood. Today, the preva-
lence of AR in children ranges from 2% to 25%,2,3 but has increased 
globally in the past few decades. Although AR is not usually a severe 
disease, it is strongly associated with asthma4,5 and appears to have a 
significant impact on the quality of life of patients by affecting school 
performance as well as work productivity.2,3

Previous research has linked adverse pregnancy outcomes and 
birth characteristics to a number of chronic disorders, including 
asthma.6-8 Evidence suggests that the risk of allergic disease is influ-
enced by the early development of the immune system. However, the 
association between early-life factors and the risk of AR is not com-
pletely understood and little is known about the influence of perinatal 
conditions on the development of AR. Two meta-analyses reported a 
moderately increased risk of asthma and allergic disease in children 
born after cesarean delivery.9,10 A retrospective US study of 8953 chil-
dren suggested that cesarean section increased the risk of AR. In that 
study, the risk of asthma was also greater after cesarean delivery, but 
the association was sex-specific and only held for girls.11

Two apparent factors predisposing to asthma are preterm birth 
and low birthweight.8,12-14 Yet, asthma has several phenotypes and 
it is not clear whether pregnancy outcomes are linked specifically to 
allergic asthma and hence likely also to AR. Intriguingly, other stud-
ies indicate that preterm birth may be associated with a lower risk 
of allergic disease.15-18 Siltanen et al found that preterm birth re-
duces the long-term risk of atopy16 well into adulthood.17 Moreover, 
a Swedish cohort study reported that low gestational age decreased 
the risk of AR in young adulthood, implying that earlier exposure to 
environmental factors might protect against later allergic disease.18 
Few studies have examined low birthweight and risk of allergic dis-
ease, including AR. The few studies that do exist have been negative, 
that is, reported a lack of association between low birthweight and 
subsequent development of AR.7,17,19-21 In contrast, AR may be more 
common in children with high birthweight or advanced gestational 
age.21

In this cohort study, we investigated the association between 
adverse pregnancy outcomes and the development of AR in over 1 
million Swedish children born between 2001 and 2012.

2  | METHODS

2.1 | Study design and population

This nationwide population-based cohort study used prospective data 
from nationwide healthcare registers in Sweden to investigate the as-
sociation between adverse pregnancy outcomes and AR in childhood.

2.2 | Registers

Since 1973, virtually all births in Sweden have been registered in the 
Medical Birth Register (MBR).22 Using standardized medical records 
in prenatal, delivery, and neonatal care, data on pregnancy and birth 
are collected prospectively by healthcare providers.

The National Patient Register (NPR) was established in 1964 
and has gradually expanded over the years to achieve nationwide 
coverage for inpatient diagnoses in 1987. Hospital-based outpatient 
visits have been recorded in the NPR since 2001, and therefore, 
we restricted our study sample to individuals born in that year or 
later. NPR diagnostic data are coded using the Swedish International 
Classification of Diseases (ICD) coding system.23

to ≥2 hospital-based records of AR. No association was observed between very pre-
term birth, post-term birth, low birthweight, or small for gestational age and AR.
Conclusion: Our study indicates an association between pregnancy outcomes and 
childhood AR, although observed effect sizes were generally modest.

K E Y W O R D S

allergic rhinitis, cesarean delivery, children, preterm birth

Key Message

A Swedish cohort study of over 1 million children that ex-
amines the association between adverse pregnancy out-
comes and risk of allergic rhinitis in offspring.
Caesarean delivery and preterm birth have been linked to 
asthma. There is evidence that the risk of allergic disease 
is influenced by the early development of the immune sys-
tem. Yet, less is known about early-life risk factors for al-
lergic rhinitis.
This large population-based cohort study suggests that 
caesarean delivery, moderately preterm birth, large 
for gestational age,  and low 5-minute Apgar score are 
associated with an increased risk of allergic rhinitis in 
childhood, illustrating the impact of early-life influences 
on the development of allergic disease.
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Data between the MBR and NPR were linked through the unique 
personal identity number assigned to all Swedish residents.24

2.3 | Study population

Through the MBR, we identified 1  232  739 consecutively born 
children between 2001 and 2012 in Sweden. We retrieved data on 
offspring sex, mode of delivery, gestational age, birthweight, and 
5-minute Apgar score and examined the risk of developing AR in this 
population up to the year 2013. Our study population was restricted 
to 1 059 600 singletons (age range of 0 months to 13 years) who had 
complete data on all variables at the end of follow-up (Table 1). The 
end-point of our follow-up time was first diagnosis of AR, death, or 
December 31, 2013, whichever came first.

2.4 | Covariates

Information on maternal characteristics was retrieved from the 
MBR and included the following: age at delivery (≤24, 25-29, 30-34, 
≥35 years), country of birth (Sweden, any other Nordic country, or 
non-Nordic country), parity (nulliparous, 1-2 children, ≥3 children), 
smoking habits reported at first antenatal visit (non-smoker, 1 − 9 
cigarettes per day, or ≥10 cigarettes per day), body mass index (BMI) 
in early pregnancy (≤18.49, 18.5-24.99, 25-29.99, ≥30), and asthma/
pulmonary disease (yes/no). Our data were divided into three cal-
endar periods based on year of birth (2001-2004, 2005-2008, and 
2009-2012).

2.5 | Exposures

We categorized mode of delivery into vaginal or cesarean. Cesarean 
delivery was categorized into elective (when performed before the 
onset of labor) vs. emergency. Gestational age was based on prena-
tal ultrasound examination (if available); otherwise, it was based on 
the date of the first day of the last menstrual period. We defined 
preterm birth as <37 weeks of gestation, very preterm as <32 com-
pleted weeks, moderately preterm as ≥32-36 weeks, and post-term 
birth as ≥42  weeks. Low birthweight was defined as a weight of 
<2500 g, moderately low as 1500-2499 g, and very low as <1500 g. 
Small for gestational age (SGA) was defined as birthweight less than 
the 10th percentile for children of similar sex and gestational age, ac-
cording to the Swedish reference curve of estimated fetal growth.25 
Large for gestational age (LGA) was defined as birthweight above 
the 90th percentile. We defined low Apgar score as <7 at 5 minutes.

2.6 | Outcome—allergic rhinitis

During follow-up, we identified children in our cohort diagnosed 
with AR through the Swedish NPR. In this study, we defined allergic 

rhinitis (AR) as having a relevant ICD-10 code (J30.0-4). We are not 
aware of any validation of the AR diagnosis in the NPR. However, 
the positive predictive values of most other disorders in this register 
range from 85% to 95%.23,26

2.7 | Statistical analyses

Using Cox regression, we estimated hazard ratios (HRs) with 95% 
confidence intervals (CIs) for the association between cesarean de-
livery, preterm birth, low birthweight, SGA, LGA, low Apgar score, 
and AR diagnosis after adjusting for infant sex and maternal factors 
(age at delivery, country of birth, parity, early-pregnancy smoking, 
BMI, asthma/pulmonary disease; Tables 2 and 3). The proportional 
hazard assumption was tested through log-minus-log plots. We fur-
ther studied the risk of having at least two hospital-based records 
of AR (Table 2). In an additional analysis, we stratified for years of 
follow-up (<1, 1-4.99, ≥5  years; Table 3). Excess risks and popula-
tion-attributable fractions (PAFs, %) for developing AR in children 
by pregnancy outcomes were calculated based on observed and ex-
pected incidence rates per 100 000 person-years standardized for 
covariates (Table 4).

SPSS version 25.0 (SPSS, Inc) was used for statistical analysis. 
HRs with 95% CIs that did not include 1.0 were considered statisti-
cally significant.

2.8 | Ethics

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

3  | RESULTS

Our baseline cohort consisted of 1 232 739 consecutively born chil-
dren between 2001 and 2012 in Sweden. Among these, 1 087 168 
(88.19%) had complete data on all variables. Our study cohort was 
further restricted to singleton offspring. Final analyses were based 
on 1 059 600 (85.95%) singletons (Table 1). During the 2001-2013 
study period, 22 386 (2.11%) of the 1 059 600 participating children 
developed AR; of these, 10 828 (1.02%) had at least two hospital-
based diagnoses of AR. The median age at first diagnosis of AR was 
5.7 years (range 0.2-12.9 years). The median follow-up was 6.7 years 
(range 0  months-13  years). Risk factors for AR included male sex, 
being born during the first calendar period (2001-2004), and hav-
ing a Swedish-born mother, a nulliparous mother, or a mother with 
asthma/pulmonary disease (Table 1).

We calculated adjusted HRs (aHRs) to assess the link between peri-
natal characteristics and risk of AR (Tables 2 and 3). Some 2.34% of 
infants born through cesarean delivery vs 2.10% of those born vag-
inally developed AR. This corresponded to a 1.12-fold increased risk 
of AR (95% CI = 1.08-1.16), equivalent to one extra case of AR during 
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follow-up per 383 children born through cesarean delivery. AR was 
positively associated with both elective (HR = 1.10, 95% CI = 1.05-1.15) 
and emergency cesarean delivery (HR = 1.13, 95% CI = 1.08-1.19).

Allergic rhinitis was also associated with moderately preterm 
birth (HR = 1.12, 95% CI = 1.04-1.20), LGA (HR = 1.05, 95% CI = 1.01-
1.10) and low 5-minute Apgar score (HR = 1.15, 95% CI = 1.02-1.30). 
We found no association between AR and very preterm birth, post-
term birth, low birthweight, or SGA (Table 2).

Risk estimates did not differ when the outcome was defined as 
having ≥2 recorded hospital-based diagnoses of AR, except that the 

association with elective cesarean delivery now failed to attain sta-
tistical significance (Table 2). Furthermore, when we stratified for 
years of follow-up (<1, 1-4.99, ≥5 years), the HRs for AR were similar 
for all the exposures in the three subgroups though they were no 
longer statistically significant and with wide CIs. Unfortunately, we 
did not have enough power in every subgroup. No difference was 
observed in risk estimates for AR between boys and girls (Table 3). 
HRs did not change significantly when the data were divided into 
three calendar periods of birth (2001-2004, 2005-2008, and 2009-
2012; Table S1).

Finally, we estimated excess risks of AR per 100  000 per-
son-years (adjusted for covariates) and PAFs (Table 4). The PAF was 
11% for cesarean delivery, implying that 11% of all AR in children 
born after cesarean section may be linked to this delivery mode.

4  | DISCUSSION

In this large population-based cohort study of over 1 million 
Swedish children, cesarean delivery (elective and emergency) was 
associated with a modestly increased risk of AR in the offspring. 
Similarly, children born moderately preterm, LGA, or with a low 
5-minute Apgar score were more likely to be diagnosed with AR 
during follow-up.

The positive association observed between cesarean delivery 
and AR is partly in line with the results of earlier research.9-11,27-29 
Renz-Polster et al reported that children born by cesarean deliv-
ery had a significantly elevated risk of being diagnosed with AR 
(OR = 1.37, 95% CI = 1.14-1.63).11 Another US study found that ce-
sarean delivery was associated with increased odds of AR in a mul-
tivariate analysis in children with a parental history of atopy (odds 
ratio [OR] = 1.8, 95% CI = 1.0-3.1).27 However, data are conflicting 
and inconclusive. In this respect, our findings diverge from the re-
sults of Pyrhonen et al30 who did not find an association between 
cesarean delivery and AR. However, the confidence intervals in 
that study were wide and the follow-up lasted only up to the age of 
4 years, which is too early to be fully informative for diagnosis of AR.

It has previously been suggested that the underlying maternal or 
fetal indications for cesarean delivery may account for the increased 
risk of allergic manifestations seen in offspring.6 Still, in our study, a 
higher risk of being diagnosed with AR was observed in children born 
after both elective and emergency cesarean deliveries. Similar find-
ings were observed in our recent study on the association between 
perinatal characteristics and risk of later food allergy in offspring 
in which both elective and emergency cesarean deliveries were as-
sociated with increased risk.15 These observations strengthen the 
theory that labor per se functions as a regulator of the offspring im-
mune system31 and are consistent with the hygiene hypothesis,32,33 
illustrating the impact of the microbiota composition and early-life 
influences on the development of allergic disease.28,29

Our findings also suggest that moderately preterm birth is asso-
ciated with an increased risk of AR in offspring. This positive associ-
ation was, however, not observed in children born very preterm (<32 

TA B L E  1   Maternal and pregnancy characteristics

Characteristics

Children without 
allergic rhinitis
N (%)

Children 
with allergic 
rhinitis
N (%)

Total births 1 037 214 (97.9) 22 386 (2.1)

Infant sex

Female 507 050 (48.9) 8044 (35.9)

Male 530 164 (51.1) 14 342 (64.1)

Calendar period of birth

2001-2004 298 104 (28.7) 13 079 (58.4)

2005-2008 343 978 (33.2) 7521 (33.6)

2009-2012 395 132 (38.1) 1786 (8.0)

Maternal age at delivery (y)

≤24 150 262 (14.5) 3259 (14.6)

25-29 310 111 (29.9) 7337 (32.8)

30-34 362 643 (35.0) 7779 (34.7)

≥35 214 198 (20.7) 4011 (17.9)

Country of birth

Sweden 820 309 (79.1) 18 881 (84.3)

Other nordic (not 
Sweden)

17 002 (1.6) 397 (1.8)

Non-nordic 199 903 (19.3) 3108 (13.9)

Parity

Nulliparous 462 165 (44.6) 11 246 (50.2)

1-2 children 516 601 (49.8) 10 205 (45.6)

≥3 children 58 448 (5.6) 935 (4.2)

Body mass index

BMI ≤ 18.49 24 035 (2.3) 536 (2.4)

18.5 ≤ BMI≤24.99 629 613 (60.7) 13 339 (59.6)

25 ≤ BMI≤29.99 262 458 (25.3) 5752 (25.7)

BMI ≥ 30 121 108 (11.7) 2759 (12.3)

Early-pregnancy smoking habits

Non-smoker 957 445 (92.3) 20 416 (91.2)

1-9 cigarettes/d 60 058 (5.8) 1495 (6.7)

≥10 cigarettes/d 19 711 (1.9) 475 (2.1)

Maternal asthma/pulmonary disease

No 959 242 (92.5) 18 985 (84.8)

Yes 77 972 (7.5) 3 401 (15.2)
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TA B L E  3   Perinatal characteristics and risk of allergic rhinitis according to follow-up and sex

Characteristics <1 y HR; 95% CI
1-4.99 y HR; 
95% CI ≥5 y HR; 95% CI Boys HR; 95% CI Girls HR; 95% CI

Cesarean delivery 1.13; 0.85-1.46 1.02; 0.97-1.08 1.04; 0.99-1.08 1.10; 1.06-1.15 1.14; 1.08-1.21

Elective 1.38; 0.94-2.02 1.04; 0.96-1.12 1.04; 0.98-1.11 1.09; 1.03-1.16 1.10; 1.02-1.19

Emergency 0.99; 0.70-1.41 1.01; 0.93-1.08 1.03; 0.97-1.10 1.11; 1.04-1.17 1.19; 1.10-1.29

Gestational age

Very preterm 
birth < 32 wk

0.45; 0.04-4.64 1.19; 0.72-1.97 0.91; 0.60-1.40 0.93; 0.62-1.39 1.52; 0.92-2.51

Moderately 
preterm ≥ 32-36 wk

1.20; 0.66-2.20 0.98; 0.88-1.09 0.95; 0.87-1.05 1.11; 1.02-1.21 1.13; 1.00-1.27

Post-term ≥ 42 wk 0.67; 0.42-1.08 0.96; 0.88-1.04 0.96; 0.90-1.02 1.02; 0.97-1.08 0.93; 0.85-1.02

Low birthweight

Very low ≤ 1499 g 0.76; 0.10-5.70 0.58; 0.22-1.56 0.91; 0.39-2.08 0.83; 0.42-1.61 0.57; 0.24-1.36

Moderately low
1500-2499 g

1.03; 0.46-2.30 1.03; 0.88-1.20 1.10; 0.97-1.25 1.00; 0.89-1.13 0.96; 0.83-1.12

Fetal growth

Small for gestational age 1.11; 0.68-1.80 1.02; 0.94-1.10 1.00; 0.94-1.07 0.98; 0.93-1.05 0.92; 0.84-1.00

Large for gestational age 0.90; 0.66-1.22 1.01; 0.95-1.08 0.99; 0.94-1.04 1.08; 1.02-1.13 1.04; 0.97-1.12

Low Apgar score (<7) at 
5 min

1.45; 0.60-3.52 0.91; 0.75-1.11 0.95; 0.81-1.11 1.23; 1.07-1.42 1.32; 1.06-1.63

Note: Statistically significant findings are presented in italics.
All models were adjusted for sex, maternal age at delivery, country of birth, parity, body mass index, early-pregnancy smoking, maternal asthma/
pulmonary disease plus cesarean delivery, gestational age, and birthweight.
Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio.

TA B L E  4   Excess risks and population-attributable fractions for developing allergic rhinitis in children by adverse pregnancy outcomes

Perinatal characteristics
Observed number of 
events Expected number of eventsa 

Excess risk/100 000 
person-years

Attributable 
fraction (%)

Cesarean delivery 4000 3571 39 11

Elective 1907 1734 31 9

Emergency 2093 1852 45 12

Gestational age

Very preterm < 32 wk 116 105 19 9

Moderately 
preterm ≥ 32-36 wk

1057 944 33 11

Post-term ≥ 42 wk 1818 1818 0 0

Low birthweight

Very low ≤ 1499 g 79 111 −127 −41

Moderately low
1500-2499 g

589 595 −7 −1

Fetal growth

Small for gestational age 2011 2095 −16 −4

Large for gestational age 2683 2555 16 5

Low Apgar score (<7) at 5 min 270 235 78 13

Note: Attributable fraction is the proportion of all cases of allergic rhinitis exposed to a risk factor that could be prevented if the exposure was 
eliminated (eg, % of all allergic rhinitis in children exposed to cesarean delivery may be due to mode of delivery).
aExpected number of events was standardized as regards covariates. 
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gestational weeks), for whom inverse associations were observed in 
two of our models. Whether this observation is a result of different 
neonatal care practices received by very preterm infants compared 
with moderately preterm infants or is due to different stages of im-
mune system development between the two groups remains to be 
examined.

Previous research suggests that preterm birth reduces the risk 
of later allergic disease.15-18 A Finnish study reported a decrease in 
the risk of allergic disease in adulthood after preterm birth (mean 
gestational age 29.2 weeks, range 24.0-35.6).17 That study examined 
166 adults who were born preterm and at very low birthweight be-
tween 1978 and 1985. Thus, the results may not be valid any lon-
ger because neonatal care in the 1970s and 1980s differs from that 
of today. Another study from Finland found a lower risk of atopy 
in 72 10-year-old children born preterm in 1987-1988 and of very 
low birthweight.16 In our nationwide cohort study of over 1 million 
Swedish children born until 2012, we found a negative association 
between very preterm birth (<32 weeks) and risk of food allergy.15 
Finally, another Swedish cohort study found a lower risk of AR in 
young adults who were born preterm (<37 gestational weeks) from 
1973 to 1979.18 In that study, the adjusted ORs for nasal cortico-
steroid prescription decreased by earlier preterm gestational ages. 
Again, we need to consider that neonatal care in the 1970s differs 
from present-day neonatal care and also that mild or self-treated AR 
may have been missed in that study because of their use of medica-
tion prescription as a proxy for AR.

Large for gestational age and low 5-minute Apgar score (repre-
senting fetal distress during labor) were also associated with a sig-
nificantly increased risk of AR in childhood. These results agree with 
the observations of our recent cohort study showing that the risk of 
food allergy is higher in children born LGA or with a low 5-minute 
Apgar score,15 and also support the hypothesis that early growth 
conditions and factors operating during early stages of development 
may influence a predisposition to the inception of non-communica-
ble diseases, including the subsequent risk of allergic disease.34

The longitudinal population-based design and large sample size 
are two strengths of this study. We had access to data on more 
than one million births. Using nationwide healthcare registers, we 
were able to examine the risk of developing AR in nearly all chil-
dren born in Sweden in 2001-2012. Moreover, selection bias should 
be minimal given that virtually complete ascertainment of children 
and cases was possible.35 In addition, the free-of-charge healthcare 
system for children in Sweden guarantees equal access to pediatric 
health care independent of socioeconomic status.36 Consequently, 
this study likely includes an unbiased, generalizable proportion of 
children with mild, moderate, and severe AR representative of the 
general population.

There are several limitations related to this study, includ-
ing the risk of residual confounding. Although we controlled for a 
broad range of covariates, we were not able to examine the role of 
breast-feeding, antibiotic use, or underlying indications for cesarean 
delivery. Yet, a 2014 systematic review reported there is no strong 
evidence to support breast-feeding to prevent later allergy.37 Also, 

a study by Ortqvist et al38 including sibling analyses suggested that 
positive associations between exposure to antibiotics in intrauterine 
and early life and one atopic disease (childhood asthma) could have 
been due to confounding by shared factors within families, in addi-
tion to confounding by respiratory infections. Previous research has 
underlined the influence of environmental factors related to urban 
living on the development of allergic disease, and a reduced preva-
lence of AR in children of farming families has been suggested.33 In 
this paper, though, we were unable to perform stratified analysis to 
examine the risk of AR by urban versus rural residence, as we lacked 
data on these demographic characteristics.

Data on maternal or paternal AR diagnoses are not registered 
in the MBR. During the first antenatal visit, all pregnant women are 
asked by midwives about a number of specific diseases, including 
asthma for which we have adjusted in our models. As opposed to 
children, only a small proportion of adults are likely to be referred to 
a hospital-based specialist for AR. We do not have access to primary 
care data and, as visits to general practitioners are not recorded in 
the NPR, we were unable to adjust for this potential confounder.

The diagnosis of AR in this study was based on relevant Swedish 
ICD-10 codes. We are not aware of any validation of AR in the NPR, 
and it is likely that cases of mild-to-moderate AR that are primarily 
treated in the primary care have been missed, since other Swedish 
studies report higher childhood AR prevalences.39 In general, the 
positive predictive values for most disorders in the NPR range be-
tween 85% and 95%.23,26 Yet, this high validity cannot uncritically 
apply to other diseases. In Sweden, general practitioners often in-
vestigate and treat AR in children. A large proportion of children 
(especially those with moderate-to-severe AR), though, are referred 
to a hospital-based specialist for second opinion and confirmation 
of diagnosis. Cases of moderate-to-severe AR, patients with comor-
bidities (asthma, eczema, or other chronic disease), or children who 
receive allergen-specific immunotherapy (or being evaluated for po-
tential treatment) are being followed by hospital-based pediatricians 
or pediatric allergists. Thus, it is likely that the structure of the NPR 
may have contributed to somewhat lower coverage in this study, in 
particular of mild AR. A cross-national population-based study from 
Denmark and Sweden based on information on disease-specific dis-
pensed prescribed medication, specific hospital contacts, or both 
reported an 11% lifetime prevalence of AR at age 5 years in Swedish 
children and 7% in Danish.40 Regrettably, we did not have access 
to data on AR-specific prescribed medications. Hence, our observa-
tions of a positive association with several birth characteristics may 
relate to moderate-to-severe childhood AR that has been diagnosed 
in a hospital-based inpatient or outpatient setting. While diagnoses 
assigned by pediatricians or pediatric allergists are likely to have a 
high specificity, we carried out a sensitivity analysis where we ex-
amined the risk of having ≥2 recorded diagnoses of AR (to further 
increase specificity). This analysis showed similar risk estimates, ex-
cept that the association between elective cesarean delivery and AR 
no longer attained statistical significance.

In conclusion, this large nationwide cohort study found an in-
creased risk of childhood AR in offspring born by cesarean delivery. 
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In addition, children born moderately preterm, LGA, or with low 
Apgar score were at a higher risk of AR.
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eTable 1. Perinatal characteristics and risk of allergic rhinitis according to calendar
period of birth

Characteristics 2001-2004
HR; 95%CI

2005-2008
HR; 95%CI

2009-2012
HR; 95%CI

Caesarean delivery 1.19; 1.14-1.24 1.15; 1.08-1.22 1.22; 1.09-1.37

Elective 1.10; 1.04-1.18 1.09; 1.01-1.18 1.14; 0.97-1.34

Emergency 1.27; 1.20-1.35 1.21; 1.12-1.30 1.31; 1.12-1.52

Gestational age
Very preterm birth

<32 weeks
1.05; 0.83-1.32 0.78; 0.55-1.10

1.35; 0.76-2.38

Moderately preterm
≥32-36 weeks

1.15; 1.05-1.24 1.26; 1.33-1.39
1.19; 0.95-1.48

Post term
≥42 weeks 1.04; 0.97-1.10 1.13; 1.04-1.23

1.14; 0.96-1.35

Low Birth weight
Very low ≤1499g 0.95; 0.72-1.25 0.64; 0.41-0.98 0.99; 0.48-2.09
Moderately low

1500-2499g
1.12; 1.01-1.25 1.03; 0.89-1.19

1.24; 0.95-1.63

Fetal growth
Small for gestational

age
0.99; 0.93-1.05 1.02; 0.94-1.10

1.02; 0.87-1.19

Large for gestational
age

1.04; 0.99-1.10 1.06; 0.99-1.14
1.09; 0.94-1.26

Low Apgar score (<7)
at 5 minutes

1.35; 1.15-1.56 1.30; 1.06-1.56
1.00; 0.48-2.09

HR, hazard ratio. 95%CI=95% confidence interval.
All models were adjusted for sex, maternal age at delivery, country of birth, parity, body mass index, early
pregnancy smoking, maternal asthma/pulmonary disease plus caesarean delivery, gestational age and birth
weight.
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