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Abstract
Background: Estimating the prevalence and identifying risk factors for allergic rhinitis 
(AR) provides critical burden of disease data and offers opportunity to intervene in 
early-life preventing morbidity.
Methods: We conducted a Global Asthma Network (GAN) Phase I cross-sectional study 
in children (6–7 years) and adolescents (13–14 years). Multilevel logistic regression models 
were fitted with random intercepts for school, center, and country, adjusting for sex and 
country income at the child level. Associations between symptoms and a range of lifestyle 
and environmental risk factors were assessed using odds ratios and corresponding 95% 
confidence intervals for mean individual and school exposure. Participants provided in-
formed consent/assent, and each center was required to provide proof of ethical clearance.
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1  |  INTRODUC TION

Allergic rhinitis (AR) is a common allergic disorder with an overall 
lifetime prevalence of up to 20% of the population, affecting 
between 10% and 25% of children.1,2 Although AR is common and 
causes considerable costs to individuals suffering from the condition 
reflected in a poor quality of life and increased direct and indirect 
health care costs, it is poorly prioritised by health systems.3,4 For 
children, nasal congestion a prominent symptom in AR is associated 
with sleep-disordered breathing which can impact learning 
performance and behavior, and cause inattention. Other frequent 
co-morbidities include asthma, otitis media, and sinusitis.

AR is a multifactorial disease most likely induced by gene–envi-
ronment interactions.5 Exposures such as indoor and outdoor inhal-
ant allergens can cause AR in individuals predisposed to an atopic 
phenotype. Identifying early-life or current exposures that may in-
crease the risk of AR, especially in children, could provide a crucial 
window for intervention to prevent or ameliorate the burden of dis-
ease in the population.

Previous studies have shown that interventions in early life 
which include diet and exposure prevention can impact future out-
comes. Data from the Swedish BAMSE birth cohort study found that 
a higher intake of very long chain n3 and n6 fatty acids was protec-
tive against AR in young adulthood at age 24 years.6 The associations 
between early introduction of a diverse diet in infants and AR out-
comes were not consistent, with some studies finding a protective 
effect between 6 and 12 months of life,7,8 but a recent Healthy Start 
study9 did not find this association. Similarly, results on the impact 
of air pollution on AR outcomes in children and adults are inconsis-
tent, with the RHINESSA study10 finding no association, while oth-
ers have found an association between exposure to traffic-related 
pollution in the last trimester of pregnancy and the first year of life.11

We therefore conducted the Global Asthma Network (GAN) 
Phase I study, with the aim to describe the prevalence of AR in 

school-going children and further to analyze risk factors for AR in 
this global population.

2  |  METHODS

2.1  |  Study population

This GAN Phase I was formed by a collaboration of the International 
Study of Asthma and Allergies in Childhood (ISAAC) and the interna-
tional union against tuberculosis and lung disease (Union). GAN con-
tinued the work of ISAAC, utilizing the standardized methodology 
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Results: We analysed data from 266,182 children and adolescents across 1688 
schools in 65 centers for AR symptoms. Prevalence was 8.5% in children and 13.3% 
in adolescents. Early-life exposures strongly associated with AR included paracetamol 
use (OR: 2.03; 95% CI: 1.89–2.18) and antibiotics (OR: 1.67; 95% CI: 1.56–1.78), with a 
stronger effect for antibiotics in low- and middle-income countries (LMICs). Farm ani-
mal exposure increased AR risk among LMIC children (OR: 1.31; 95% CI: 1.12–1.53). 
In adolescents, computer use (OR: 1.28; 95% CI: 1.22–1.35) and tobacco use (OR: 
1.37; 95% CI: 1.29–1.46) were significant risk factors. Heavy truck traffic consistently 
elevated AR risk in both age groups.
Conclusion: The prevalence of AR is stable; early-life exposures to animals increased 
the risk for AR in children from LMICs. Lifestyle factors and poor air quality from 
traffic-related pollutants increase the risk of AR.

K E Y W O R D S
allergic rhinitis, exposure, low- to middle-income countries, risk factors, rural

Key message

The Global Asthma Network (GAN) Phase I study 
examined the risk factors of allergic rhinitis in a global 
cohort of children and compared the association of these 
risk factors by country income level. We found a strong 
association between early-life exposure to antibiotics and 
farm animals and allergic rhinitis in children living in low- 
and middle-income countries. We found no association 
between early farm animal exposure and allergic rhinitis 
in children from high-income countries. Truck traffic was 
consistently associated with allergic rhinitis, independent 
of country income level. For children in low- and middle-
income countries, liberal use of antibiotics and a more rural 
environment in the first year of life confer a risk of allergic 
rhinitis. Air pollution related to traffic is an important risk 
factor for allergic rhinitis, and interventions to reduce this 
could potentially reduce the burden of disease in both high-
income countries and low- and middle-income countries.
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developed by ISAAC to collect global data on the burden of asthma, 
AR, and eczema in school-going children and adolescents12 This 
cross-sectional epidemiological study was performed between 
2015 and 2020. Written questionnaires were administered to chil-
dren recruited in schools in two age groups: children (6–7 years) and 
adolescents (13–14 years) old. For children, the questionnaires were 
completed by parents or guardians, whereas for the adolescent age 
group they were self-administered12

2.2  |  Definition of variables

We defined the main outcome of interest as the presence of AR based 
on a positive response to all of the following questions: (a) have you/
this child ever had a problem with sneezing or a runny or blocked 
nose when you/this child did not have a cold or the flu? (b) in the past 
12 months, have you/this child had a problem with sneezing or a runny 
or blocked nose when you/this child did not have a cold or the flu? and 
(c) in the past 12 months, has this nose problem been accompanied by 
itchy-watery eyes? The exposure questions for the children (6–7 years) 
and adolescents (13–14 years) are shown in Tables S1 and S2.

For the children, the questionnaire data included questions on 
both prenatal and postnatal exposures. Categorical variables in-
cluded prenatal exposure to animals (at least once a week contact 
with animals in pregnancy [yes]/[no]) and tobacco smoke (mother 
smoking during pregnancy [yes]/[no]). Postnatal events captured in-
cluded low birth weight (<2.5 kg) and ever breastfeeding. The num-
ber of siblings was defined as either greater than one sibling or >2 
siblings. For the early-life events, contact with pets in the home was 
captured at two time points: either having a cat or dog in the house 
in the first year of life or in the past 12 months. Additionally, data on 
contact with farm animals, use of antibiotics and paracetamol use in 
the first year of life, and the frequency of truck traffic in the street 
and heavy truck traffic were collected. Lifestyle variables captured 
included the average intake of fast food, meat or burgers per week 
in the last 12 months and time spent watching television or using 
computers (including social media).

Most of the above risk factors were parameterized as binary 
variables from “yes/no.” The exceptions were: paracetamol use in 
the past 12 months (at least once per month vs. less than once per 
month), heavy truck traffic (frequently or almost the whole day vs. 
seldom or never), fast food consumption (once per week or more vs. 
less than once per week), television viewing (at least 1 h per day vs. 
<1 h per day), birth weight (<2.5 kg vs. at least 2.5 kg), and number 
of siblings (2 or more siblings vs. 1 or no siblings). For the adolescent 
age group, the questions were similar to those for 6–7 years olds 
except that, additionally, adolescents were asked about ever having 
smoked tobacco either daily or less than daily, in the past and early-
life questions were not asked.

The Gross National Income of the country was obtained from 
the World Bank website and countries were then divided into “afflu-
ent” or “non-affluent” based on country income level using a gross 
national product per capita of $12, 535 USD for 2019 separating 

high-income countries (HIC) and low-  to middle-income countries 
(LMICs).13

The data handling procedures have been described previously12 
All participating centers submitted their datasets and were required 
to complete a center report (including sampling frame [schools, 
classes, and children], participation rates of schools and children, 
map of the area surveyed, rate of school rejection to participate and 
reasons why [if any], type of data entry and checking, how the ques-
tionnaire was translated, and dates of data collection) to the GAN 
Global Centre in Auckland, New Zealand, which performed initial 
data checks and an assessment of whether the center had adhered 
to the GAN methods. Depending on the language used by the center, 
the dataset was sent to Murcia, Spain (when the primary language of 
the center was Spanish or Portuguese) or London, UK (all other lan-
guages). A standardized and coordinated data check was performed, 
and a uniform approach to data processing, checking and analysis 
was used.

2.3  |  Statistical analysis

Separate analyses were conducted for the two age groups. Centers 
with fewer than 1000 individuals in an age group were excluded 
from the analyses for that age group. Each school was required to 
have at least 10 individuals to be included in the analyses for that age 
group. In addition, a response rate of at least 60% was required for 
children and at least 70% for adolescents for a center to be included.

Multilevel logistic regression models were fitted with random in-
tercepts for school, center, and country and adjusted for sex at the 
child level and country affluence. Associations between AR symp-
toms and a range of lifestyle and environmental risk factors were 
assessed for both the child's exposure and mean exposure at the 
school using Odds ratios (OR) and their corresponding 95% confi-
dence intervals (CI).

The potential risk factors for AR symptoms were compared at 
both the individual and school level.14,15 Comparisons were drawn 
from GAN Phase I with the ISAAC Phase III study, where risk fac-
tors were adjusted for sex and country affluence or adjusted for sex, 
maternal level of education, paternal and maternal tobacco use, and 
open fire cooking, respectively.14,16

Statistical analyses were conducted using STATA 17. StataCorp. 
2021. Stata Statistical Software: Release 17. College Station, TX: 
StataCorp LLC. Each center was required to provide proof of ethical 
clearance for the study.

3  |  RESULTS

A total of 266,182 children and adolescents from 1688 schools 
in 65 centers were screened for symptoms of AR. Of the children 
6–7 years old, 101,777 children from 1688 schools in 44 centers 
were screened for AR symptoms (Figure 1A). Of these, 62,971 from 
42 centers, 1511 schools and 15 countries were included in the 
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F I G U R E  1 Data flow of the study population children (A) and adolescents (B).

(B)

Total sample
164, 405 individuals
1649 schools Median 63 (range 1-803) individuals per school
65 centres Median 2650 (range 676-5141) individuals per centre
25 countries Median 3131 (range 1012-46, 609) individuals per country

Schools with at least 10 individuals
163, 916 individuals
1525 schools Median 73 (range 10-803) individuals per school
65 centres Median 2650 (range 676-5141) individuals per centre
25 countries Median 3124 9range 1012-46, 595) individuals per country

Individuals non-missing for outcome, confounder and at least one exposure (Maximum sample)
155,327 individuals
1496 schools Median 71(range 4-803) individuals per school
64 centres Median 2558 (range 652-5141) individuals per centre
25 countries Median 2992 (range 992-44,798) individuals per country

Individuals non-missing for outcome, confounder and all exposures (Common sample)
122, 170 individuals
1415 schools Median 55(range 1-751) individuals per school
60 centres Median 2169 (range 575-4999) individuals per centre
24 countries Median 2996 (range 992-44,798) individuals per country

Excluded
489 individuals
124 schools
0 centres
0 countries

Excluded
8, 589 individuals
29 schools
1 centre
0 countries

Excluded
33, 157 individuals
81 schools
4 centres
1 country

(A)
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final analysis (Figure 1A). For the adolescent age group, 164,405 
individuals from 1649 schools in 65 centers were screened 
(Figure 1B). Of these, 122,170 were included for analysis from 60 
centers and 24 countries (Table  S3). The global individual-level 
prevalence of AR was 8.5% for children and 13.3% for adolescents 
(Tables 1 and 2).

3.1  |  Children school-level risk factors

For the school-level AR data, the median (interquartile range [IQR]) 
prevalence of AR was 6.3% (0.0; 12.5) (Table  S4). With regard to 
prenatal exposures, 6.1% and 4.1% were exposed to animals or 
tobacco smoking in utero, respectively. The proportion who was 
ever breastfed was 87.7% and 10.3% were low birth weight. Over 
a third, 65.1%, had received paracetamol and 43% had received 
antibiotics when young. Early exposure to pets was observed in 
22% for dogs and 8.5% for cats. Truck traffic exposure was in 71.3%, 
while almost a third, 29.9%, were exposed to heavy truck traffic. 
Over a quarter (27.7%) were eating fast foods regularly. Almost 
three-quarters (74%) were watching more than an hour of television 
daily but a smaller proportion used computers (40.8%).

3.2  |  Adolescent school-level risk factors

The school-level median (IQR) prevalence of AR was 12.1% (6.9, 
18.3) (Table  2). With regard to the individual-level risk factors, 
over half (53.2%) had at least one sibling. A large proportion 
(77.0%) were exposed to truck traffic in the street, while almost a 
third (32.9%) were exposed to heavy truck traffic near their home. 
Almost half of the adolescents were eating fast foods at least once 
per week (45.8%), with the majority (72.9% and 71.9%) watching 
more than an hour of television or using computers for more than 
an hour, respectively. The proportion exposed to pets was 23.1% 
for cats and 44.8% for dogs. Almost a tenth (9.0%) reported ever 
smoking.

3.3  |  Multiple logistic regression of school-level 
risk factors for children

After adjustment for sex and country affluence for all risk factors, 
use of paracetamol in early life increased the odds of AR indepen-
dently of country affluence (OR = 2.03; 95% CI: 1.89, 2.18) (Table 3). 
This was similar for the school-level data for paracetamol use OR: 

Variable

Individual level 
(n = 62,971) School level (n = 1511)

Prevalence %
Median 
prevalence

IQR of 
prevalence

Rhinitis in past 12 months 8.5 6.3 (0.0, 12.5)

Animals in utero 6.1 4.1 (0.0, 9.5)

Smoking while pregnant 4.1 0.0 (0.0, 5.6)

Low birthweight 10.3 5.3 (0.0, 11.4)

Paracetamol when young 65.1 75.0 (50.0, 86.1)

Antibiotics when young 43.0 46.2 (30.8, 59.8)

Breastfed ever 87.8 88.7 (80.4, 95.1)

Cat when young 8.5 6.3 (0.0, 11.8)

Dog when young 22.0 20.0 (5.6, 35.0)

Animals when young 5.3 3.8 (0.0, 8.3)

More than 1 sibling 29.8 33.3 (18.2, 50.0)

More than 2 siblings 8.3 6.9 (1.4, 16.1)

Truck traffic 71.3 75.0 (61.5, 85.4)

Heavy truck traffic 29.9 26.3 (11.1, 48.1)

Fast food 27.9 25.0 (14.3, 37.5)

Fast food (excluding 
burgers)

27.7 24.4 (14.1, 37.5)

Meat (frequent) 37.4 24.4 (12.5, 50.0)

Television 74.0 77.4 (64.7, 86.2)

Computer 40.8 37.5 (25.0, 50.0)

Cat 13.5 9.8 (2.8, 52.3)

Dog 30.2 26.7 (9.7, 29.0)

TA B L E  1 Summary of prevalence, and 
individual- and school-level exposures 
data for allergic rhinitis in children.
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2.11 (95% CI: 1.36, 3.26), and at the individual-level OR: 2.03 (95% 
CI: 1.89, 2.18) (Tables S5 and S6).

At the school level, there was an association between early-
life exposure to antibiotics and AR (OR = 1.84; 95% CI: 1.23, 2.75). 
This was similar at the individual level with a significant (OR = 1.67; 
95% CI: 1.56, 1.78), and this association was stronger in LMICs 
(OR = 1.86; 95% CI: 1.71, 2.02) compared with high-income coun-
tries (HIC) (OR = 1.67; 95% CI: 1.56, 1.78).

Interestingly at the school level, a diet with increased meat 
intake was associated with higher odds of AR OR = 1.82 (95% CI: 
1.28, 2.6) but this was again inconsistent across countries, reaching 
significance only in HICs. A diet with fast foods was not associ-
ated with an increased risk of AR either in children or adolescents; 
OR: 0.99 (95% CI: 0.94, 1.03) and OR: 1.04 (95% CI: 0.82, 1.32), 
respectively.

Use of computers showed an increased risk of AR overall (OR = 1.09; 
95% CI: 1.02, 1.16) but this was inconsistent across countries, reaching 
significance in LMICs (OR = 1.12; 95% CI: 1.03, 1.21) but not HICs.

Exposure to animals in utero increased the risk of AR over-
all OR: 1.18 (95% CI: 1.04, 1.34) and this reached significance in 
LMIC countries OR: 1.22 (95% CI: 1.05, 1.42). There was an as-
sociation between exposure to farm animals when young and AR 
1.24 (95% CI: 1.09, 1.42), but this only was significant for LMICs 
1.31 (95% CI: 1.12, 1.53). Early-life exposure to animals, that is, 
dogs and cats, had no association with AR either at the individual 
or school level.

3.4  |  Multiple logistic regression for school-level 
risk factors for adolescents

For the adolescents, use of paracetamol was associated with AR OR: 
3.2 (2.32; 4.41) at the school level, with this association also being 
significant at the individual-level use OR: 1.91 (95% CI: 1.84, 1.98) 
(Table 4). Paracetamol use was a consistent risk factor in both HIC 
and LMIC, OR: 2.06 (95% CI: 1.90, 2.24) and 1.87 (95% CI: 1.79, 1.95), 
respectively (Table 4; Tables S4 and S7).

Use of computers for more than an hour daily increased the odds 
of AR at both the individual and school level, OR: 1.28 (95% CI: 1.22, 
1.35) and OR: 2.01 (95% CI: 1.45, 2.79), respectively, and this was 
consistent for both HIC and LMICs.

Exposure to dogs was an association with at the school-level OR: 
2.30 (1.58, 3.35) and at the individual-level OR: 1.14 (1.10–1.19). For 
cats, there was no association at the school-level OR: 1.03 (0.72, 
1.46) but there was an association at the individual-level OR: 1.15 
(1.1, 1.20).

Exposure to heavy truck traffic was associated with increased 
risk of AR (OR = 1.27; 95% CI: 1.23, 1.32), and on further analysis by 
country income this association was significant both in HIC OR: 1.33 
(95% CI: 1.23, 1.44) and LIMCs OR: 1.25 (95% CI: 1.20, 1.31).

There was no association with ever smoking and AR at school 
level 1.23 (0.76–1.99), but individual level data found an association 
with OR: 1.37 (95% CI: 1.29, 1.46) and this was independent of coun-
try affluence.

Variable

Individual level 
(n = 122,170) School level (n = 1415)

Prevalence % Median prevalence
IQR of 
prevalence

Rhinitis in past 12 months 13.3 12.1 (6.9, 18.3)

More than 1 sibling 53.2 60.9 (39.4, 80.0)

More than 2 siblings 25.5 28.4 (11.7, 50.0)

Truck traffic 77.0 79.2 (67.2, 87.5)

Heavy truck traffic 32.9 29.3 (17.2, 42.9)

Fast food 45.8 43.8 (31.3, 60.0)

Fast food (excluding 
burgers)

46.9 46.5 (32.4, 63.2)

Meat (frequent) 31.1 29.4 (8.5, 46.8)

Television 72.9 72.3 (61.9, 80.0)

Computer 71.9 74.7 (41.7, 87.2)

Cat 23.1 19.0 (10.1, 31.2)

Dog 44.8 27.2 (10.3, 60.0)

Paracetamol 26.5 25.1 (16.7, 35.9)

Ever smoke 9.0 4.2 (0.0, 11.5)

Meat (frequent) 37.4 30.0 (12.5, 50.0)

Paracetamol 17.4 17.9 (9.7, 29.0)

TA B L E  2 Summary of prevalence, and 
individual- and school-level exposures 
data for adolescents.
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4  |  DISCUSSION

In this GAN Phase I study, we found that the overall global individual 
prevalence of AR remained relatively stable compared with ISAAC 
Phase III14 in both children and adolescents with 8.5% and 13.3% 
versus 8.9% and 14.1%, respectively. With regard to the exposures, 
there was a higher proportion of adolescents with lifestyle-related 
risk factors, with almost half consuming fast foods more than once 
a week and almost three-quarters (74.7%) using computers more 
than 1 h per day, which was double that of the children (37.5%). Of 
concern, almost 10% individual adolescents reported ever smoking, 
similar to the WHO reported data17 We analyzed both individual and 
school-level risk factors; as school-level risk factors are less prone 
to reverse causation than the individual-level risk factors, a change 
in behaviour by a few people with disease will not greatly affect the 
school-level prevalence of that risk factor. In contrast, school-level 
risk factors on their own are prone to ecological bias. Thus, a similar 
result at both levels can be interpreted as suggestive evidence 
against reverse causation.

Paracetamol use in the past 12 months of life was a strong 
risk factor for AR in both children and adolescents; this was sim-
ilar to the ISAAC III dataset with OR = 2.02 (95% CI: 1.92, 2.13) 

for children and OR = 1.76 (95% CI: 1.71, 1.81) for adolescents. 
Similarly, this finding was consistent for both HIC and LMICs and 
remained an association at both the individual and school level, 
therefore providing evidence against reverse causation. This is 
consistent with animal models and epidemiological data demon-
strating a strong association between paracetamol use and AR, 
with a systematic review and meta-analysis finding acetamino-
phen exposure associated with an increased risk of AR (OR = 1.54; 
95% CI: 1.41–1.69).18,19

Breastfeeding has been found to have a protective effect in 
other allergic disorders like atopic dermatitis.20 A recent system-
atic review in over 770,000 children found a protective effect of 
exclusive breastfeeding for more than 6 months for AR reducing the 
risk by 12%.21 Another systematic review found that non-exclusive 
breastfeeding for longer than 12 months also added protection 
against AR.22 In the current study, we did not replicate this finding, 
and breastfeeding ever conferred a risk for AR in HICs at the in-
dividual level, but this association was not replicated at the school 
level, suggesting that there may be reverse causation as mothers 
who are atopic may breastfeed their children to protect them from 
other atopic manifestations, such as eczema and asthma. This is a 
limitation of the cross-sectional design of the study.

Age 6–7, Exposure

GAN fully adjusteda

All (n = 62,971) LMIC (n = 46,426) HIC (n = 16,545)

OR (95% CI) OR (95% CI) OR (95% CI)

Animals in utero 1.18 (1.04, 1.34) 1.22 (1.05, 1.42) 1.12 (0.88, 1.41)

Smoking while pregnant 1.16 (1.01, 1.33) 1.63 (1.31, 2.04) 0.99 (0.82, 1.18)

Low birthweight 1.08 (0.97, 1.21) 1.08 (0.93, 1.24) 1.09 (0.90, 1.32)

Paracetamol when young 1.13 (1.05, 1.22) 1.06 (0.95, 1.18) 1.22 (1.09, 1.36)

Antibiotics when young 1.67 (1.56, 1.78) 1.86 (1.71, 2.02) 1.38 (1.24, 1.54)

Breastfed ever 1.11 (1.01, 1.22) 1.05 (0.94, 1.18) 1.19 (1.02, 1.38)

Cat when young 1.06 (0.95, 1.19) 1.14 (1.00, 1.29) 0.84 (0.67, 1.07)

Dog when young 1.14 (1.06, 1.23) 1.19 (1.10, 1.30) 0.95 (0.80, 1.12)

Animals when young 1.24 (1.09, 1.42) 1.31 (1.12, 1.53) 1.11 (0.86, 1.44)

More than 1 sibling 0.91 (0.85, 0.98) 0.92 (0.85, 0.99) 0.88 (0.76, 1.01)

More than 2 siblings NA NA NA

Truck traffic NA NA NA

Heavy truck traffic 1.31 (1.23, 1.40) 1.35 (1.25, 1.46) 1.23 (1.09, 1.40)

Fast food 0.96 (0.89, 1.02) 0.93 (0.86, 1.01) 1.00 (0.89, 1.12)

Fast food (excluding 
burgers)

NA NA NA

Meat (frequent) 1.16 (1.09, 1.24) 1.28 (1.18, 1.39) 0.97 (0.87, 1.08)

Television 0.97 (0.90, 1.04) 0.97 (0.88, 1.06) 0.97 (0.86, 1.09)

Computer 1.09 (1.02, 1.16) 1.12 (1.03, 1.21) 1.03 (0.92, 1.15)

Cat 0.93 (0.84, 1.02) 0.92 (0.83, 1.03) 1.01 (0.81, 1.25)

Dog 0.98 (0.91, 1.06) 0.99 (0.91, 1.08) 1.01 (0.86, 1.19)

Paracetamol 2.03 (1.89, 2.18) 1.98 (1.83, 2.15) 2.17 (1.89, 2.51)

Note: NA: collinear with other variables not added to fully adjusted model.
aAdjusted for sex and country income level.

TA B L E  3 Individual-level data on 
associations between exposure and 
allergic rhinitis in children.
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Use of antibiotics in early life has been shown to disrupt the gut 
microbial community and predispose children to later allergic con-
ditions.23 We found an association between AR and early antibiotic 
use in the first year of life, similar to ISAAC III14 (OR = 1.39; 95% CI: 
1.03, 1.88). This is consistent with findings by Ni et al in a US-based 
study of 2398 children, who found an association between any life-
time use of any antibiotic and AR.24

We found a sedentary lifestyle with use of computers more 
than an hour daily increased the risk of AR in adolescents; this as-
sociation was significant at both the individual and school level. A 
previous National Health Survey based study found that children 
with sleep disturbance due to allergic conditions were more likely to 
have increased watching of television and video games and conse-
quent lower levels of physical activity25 A recent large cluster anal-
ysis study comparing two clusters “unhealthy lifestyle and higher 
moderate-to-vigorous activity (MVPA)” compared with “healthier 
lifestyle with lower MVPA” in 9–11-year-old Finnish children found 
no association between allergies and lifestyle factors26

Early-life exposure to farm animals has been extensively stud-
ied in HIC, with strong evidence that exposure to farm animals in 
the first year of life prevents allergies, including AR.27–29 The recent 
data for the Protection against Allergy-Study in Rural Environments 
(PASTURE) birth cohort found that exposure to the farming envi-
ronment in the first 12 months of life confers protection, but this 
protection is maintained in those who continued to consume unpas-
teurized milk throughout childhood to maintain the protective effect 
at age 10 years, suggesting that not only the window of exposure 
but continued exposure was relevant in conferring protection from 
allergies30 In the current study, we found the opposite, with expo-
sure to farm animals in the first year of life being a risk factor for 

AR, particularly for children in LMICs. We postulate that potential 
reasons for this may be, for example, differences in host microbial di-
versity, dietary practices, animal species, environmental exposures, 
immunological responses, hygiene practices, and genetic suscep-
tibility. A recent study in young children showed that exposure to 
traffic-related air pollution weakened the protective effect of having 
pets (dogs) against the risk of AR.31

The current study has several strengths in that we collected 
global data in a standardized way from over 200,000 children and 
adolescents which included both high- and low-  to middle-income 
countries. Although there are robust data in HIC settings, the 
strength in our dataset is from the higher proportion of children and 
adolescents from LMICs providing much needed data from these 
settings.

This study's cross-sectional design restricts the ability to estab-
lish temporal relationships between exposures and AR outcomes. 
Reliance on self-reported questionnaire data, without confirmation 
by healthcare professionals, may introduce misclassification bias, 
which would be applicable at all settings in both HIC and LIMC, ex-
cept for access to healthcare providers where the diagnosis of AR 
would be confirmed, but this is mitigated by addition of symptom 
questions which would classify the individual as having symptoms 
compatible with AR. Additionally, breastfeeding data lacked gran-
ularity regarding timing and duration, limiting interpretation of its 
potential protective effect. Therefore, these data should be inter-
preted with caution and is an area that warrants more detailed inves-
tigation across diverse resource settings to address this critical issue 
of diet and its association with AR. Antibiotic exposure was assessed 
only within the first 12 months of life; later exposures may also in-
fluence risk and should be explored in future studies. Our analysis 

Age 13–14, Exposure

GAN fully adjusteda 

All (n = 122,170) LMIC (n = 96,397) HIC (n = 25,773)

OR (95% CI) OR (95% CI) OR (95% CI)

More than 1 sibling 1.02 (0.98, 1.06) 1.01 (0.97, 1.06) 1.04 (0.96, 1.13)

More than 2 siblings NA NA NA

Truck traffic NA NA NA

Heavy truck traffic 1.27 (1.23, 1.32) 1.25 (1.20, 1.31) 1.33 (1.23, 1.44)

Fast food 1.05 (1.01, 1.08) 1.05 (1.01, 1.09) 1.03 (0.96, 1.11)

Fast food (excluding 
burgers)

NA NA NA

Meat (frequent) 1.19 (1.15, 1.24) 1.21 (1.16, 1.27) 1.15 (1.07, 1.23)

Television 1.08 (1.03, 1.12) 1.11 (1.05, 1.16) 1.01 (0.93, 1.09)

Computer 1.28 (1.22, 1.34) 1.28 (1.21, 1.35) 1.24 (1.10, 1.39)

Cat 1.15 (1.10, 1.20) 1.17 (1.12, 1.22) 1.08 (0.99, 1.19)

Dog 1.14 (1.10, 1.19) 1.14 (1.09, 1.20) 1.13 (1.04, 1.22)

Paracetamol 1.91 (1.84, 1.98) 1.87 (1.79, 1.95) 2.06 (1.90, 2.24)

Ever smoke 1.37 (1.29, 1.46) 1.37 (1.27, 1.48) 1.37 (1.22, 1.54)

Note: NA: collinear with other variables not added to fully adjusted model.
aAdjusted for sex and country income level.

TA B L E  4 Individual-level data on 
associations between exposure and 
allergic rhinitis in adolescents.
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of farming-related exposures was constrained by the absence of 
information on residence in farming environments; instead, we cap-
tured only contact with farm animals. Additionally, the study design 
precluded assessment of dose–response relationships and critical 
exposure windows, which are essential for understanding causality. 
Finally, due to the multiplicity of exposure variables we analyzed, 
these were largely exploratory in nature.

In summary, we found the prevalence of AR to be stable in both 
children and adolescents over a 10-year period. In the first year of 
life, exposure to antibiotics and paracetamol increased the risk of 
AR. Additionally, for adolescents, the use of computers and tobacco 
smoking conferred increased risk. Exposure to heavy truck traffic 
was a consistent risk factor of AR in children and adolescents. Finally, 
exposure to farm animals in early life did not confer protection for 
AR in children in LMICs, and future longitudinal cohort studies in 
LMICs are required to further explore this association. These find-
ings highlight the importance of antimicrobial stewardship, clean air 
policies, and tobacco control as actionable policy implementations 
for the prevention of AR.
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