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INTRODUCTION

The number of people with asthma in the world was es-
timated to be 262 million in 2019.1 Asthma is a heteroge-
neous disease, usually characterized by chronic airway 
inflammation.2 Researchers have explored asthma clas-
sifications, including phenotypes (classification based 
on various clinical symptoms) and endotypes (classifica-
tion based on complex pathophysiological mechanisms), 
to understand its mechanisms, make a prognosis, and 
tailor treatments.3,4 Numerous studies have identified 

various risk factors for the development of asthma, 
among which obesity has emerged as a significant con-
tributor.5 Changes in body mass index (BMI) and weight 
during early childhood have also been identified as a risk 
factor for childhood asthma.6–8 Emerging evidence indi-
cates variations in susceptibility and the impact of risk 
factors, such as personal and family history, race, and 
birth weight between sexes.9,10 However, there are still 
few reports on the relationship between BMI changes 
during early childhood and asthma prevalence divided 
by each phenotype and sex, and the limited results are 
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Abstract
Background: Few studies have explored the relationship between changes in body 
mass index(BMI) during early childhood and asthma prevalence divided by 
phenotypes and sex, and the limited results are conflicting. This study assessed the 
impact of BMI changes during early childhood on school-age asthma, classified by 
phenotypes and sex, using a nationwide longitudinal survey in Japan.
Methods: From children born in 2001 (n = 47,015), we divided participants into BMI 
quartiles (Q1, Q2, Q3, and Q4) and the following BMI categories: Q1Q1 (i.e., Q1 at 
birth and Q1 at age 7), Q1Q4, Q4Q1, Q4Q4, and others. Asthma history from ages 
7 to 8 was analyzed, with bronchial asthma (BA) further categorized as allergic 
asthma (AA) or nonallergic asthma (NA) based on the presence of other allergic 
diseases. Using logistic regression, we estimated the asthma odds ratio (OR) and 
95% confidence intervals (CIs) for each BMI category.
Results: Q1Q4 showed significantly higher risks of BA, AA, and NA. In boys, BA 
and NA risks were significantly higher in Q1Q4 (adjusted OR: 1.47 [95% CI: 1.17–
1.85], at 1.56 [95% CI: 1.16–2.1]), with no significant difference in AA risk. In girls, 
no increased asthma risk was observed in Q1Q4, but AA risk was significantly 
higher in Q4Q4 (adjusted OR: 1.78 [95% CI: 1.21–2.6]).
Conclusion: Our results demonstrated that BMI changes during early childhood 
impact asthma risks, particularly that the risk of NA in boys increases with 
BMI changes during early childhood, and the risk of AA in girls increases with 
consistently high BMI.
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inconsistent.8,11,12 The present study aimed to examine 
the impact of BMI changes during early childhood on 
school-age asthma prevalence classified by phenotypes 
and sex based on a nationwide longitudinal survey in 
Japan.

M ETHODS

Study participants

We analyzed data from the Longitudinal Survey of 
Infants in the 21st Century, an ongoing national cohort 
study conducted by the Japanese Ministry of Health, 
Labour, and Welfare. The study enrolled infants born in 
Japan between January 10 and 17 or July 10 and 17, 2001 
and followed them up with questionnaires. A total of 
47,015 questionnaires were returned by the 53,575 fami-
lies mailed the first questionnaire when the infants were 
6 months old (88% response rate). Follow-up question-
naires were sent annually to those participating. Vital 
statistics were linked to each child, with details on sex, 
singleton/multiple birth status, gestational age, length, 
weight, and parental age when delivered.

Children's changes in BMI status

We focused on changes in the BMI status between BMI 
at birth and at the age of 7 years. We first calculated 
BMI at birth and at the age of 7 years by dividing the 
weight in kilograms by the square of the height in meters 
and divided the participants into quartile categories at 
both ages. We then created the following categories by 
comparing BMI quartiles they belonged to at both ages: 
Q1Q1 (i.e., Q1 at birth and Q1 at age 7), Q1Q4 (i.e., Q1 
at birth and Q4 at age 7), Q4Q1 (i.e., Q4 at birth and 
Q1 at age 7), Q4Q4 (i.e., Q4 at birth and Q4 at age 7), 
and others. The reference group was comprised of other 
children. We obtained weight and height information at 
birth from vital statistics and those at the age of 7 years 
from the self-administered questionnaire when the chil-
dren were 7 years old. Of the 47,015 children, we excluded 
152 children who did not have BMI information at birth 
as well as 14,747 children who did not have BMI infor-
mation at the age of 7 years, resulting in 32,116 children 
being included in the analysis.

Hospital visits due to bronchial asthma from 7 to 
8 years of age

To examine the impact of changes in the BMI status on 
BA prevalence, we used the children's history of hospital 
visits due to BA from 7 to 8 years of age as an indicator 
of the health status. The survey asked whether the child 
had seen a doctor at least once in the previous 1 year for 

several common illnesses. For the present study, we ex-
amined whether there was at least one hospital consulta-
tion for BA from 7 to 8 years of age. We also categorized 
BA into allergic asthma (AA) and nonallergic asthma 
(NA) according to the presence or absence of hospital 
visits due to atopic dermatitis, allergic rhinitis, and food 
allergy. We defined AA as BA visits with at least one 
visit due to these allergic conditions, and NA as BA vis-
its with none of these visits. This information on hospi-
tal visits from 7 to 8 years of age was obtained from the 
follow-up questionnaire at the age of 8 years (i.e., at the 
eighth follow-up survey), which excluded 1587 children 
due to being lost to follow-up, leaving 30,529 children for 
the final analysis.

Statistical analysis

After conducting descriptive analyses by the BMI change 
category, we first examined the association of BMI quar-
tiles at 7 years of age with hospital visits due to BA, AA, 
or NA from 7 to 8 years of age. We subsequently exam-
ined the association of the BMI change category between 
birth and 7 years of age with hospital visits due to BA, 
AA, or NA from 7 to 8 years of age as the main analysis.

For all analyses, we used a logistic regression model 
and first estimated the crude odds ratio (OR) and 95% 
confidence interval (CI) (crude model), adjusted first for 
children's factors as well as parental factors (fully ad-
justed model). We selected potential confounders based 
on previous studies or prior knowledge of associations 
between the BMI status and BA.

Children's factors included: sex (dichotomous), sin-
gleton birth status (dichotomous), preterm birth (di-
chotomous: gestational age ≥37 vs. <37 weeks), parity 
(dichotomous: 0 vs. ≥ 1 birth), breastfeeding status at 
infancy (categorical: formula feeding, partial breastfeed-
ing, and exclusive breastfeeding), and daycare attendance 
(dichotomous). Parental factors included maternal age at 
delivery (continuous), maternal smoking status [categor-
ical: nonsmoker, light smoker (≤10 cigarettes/day), and 
heavy smoker (more than 10 cigarettes per day)], paren-
tal educational attainment (categorical), and residential 
area (categorical: wards, cities, and towns or villages). 
The children's sex, singleton birth status, gestational age, 
and parity, and maternal age at delivery were listed in 
the birth records. The breastfeeding status and maternal 
smoking status were obtained from the first survey, when 
the children were 6 months old. Daycare attendance and 
parental educational attainment, used as an indicator of 
the socioeconomic status, were obtained from the sec-
ond survey, when the children were 18 months old. We 
reclassified the original eight educational categories into 
four: university (4 years) or higher, junior college, high 
school, and less than high school. Residential informa-
tion was obtained from the national census conducted 
in 2000.
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TA B L E  1   Demographic characteristics of eligible children (n = 32,116).

BMI change category

Reference 
(N = 24,048)

Q1Q1 
(N = 2344)

Q1Q4 
(N = 1667)

Q4Q1 
(N = 1642)

Q4Q4 
(N = 2415)

Characteristics of children

Sex, n (%)a

Boys 12,573 (52.5) 1157 (47.4) 935 (55.5) 744 (45.6) 1260 (52.5)

Girls 11,385 (47.5) 1284 (52.6) 749 (44.5) 889 (54.4) 1140 (47.5)

Singleton or multiple birth, n (%)a

Singleton 23,534 (98.2) 2327 (95.3) 1617 (96) 1610 (98.6) 2383 (99.3)

Multiple birth 424 (1.8) 114 (4.7) 67 (4) 23 (1.4) 17 (0.7)

Mean gestational age, weeks (SD)a 38.9 (1.5) 38.5 (2.1) 38.6 (1.8) 39.1 (1.5) 39.1 (1.3)

Term birth, n (%)a 22,939 (95.8) 2230 (91.4) 1546 (91.8) 1580 (96.8) 2336 (97.3)

Preterm birth, n (%)a 1019 (4.3) 211 (8.6) 138 (8.2) 53 (3.3) 64 (2.7)

Parity, n (%)a

0 11,809 (49.3) 1385 (56.7) 926 (55) 714 (43.7) 1019 (42.5)

≥1 12,149 (50.7) 1056 (43.3) 758 (45) 919 (56.3) 1381 (57.5)

Breastfeeding statusb

Formula feeding 1278 (5.4) 150 (6.2) 115 (6.9) 100 (6.2) 141 (5.9)

Partial breastfeeding 17,099 (71.8) 1820 (74.9) 1218 (72.8) 1171 (72.2) 1721 (72.3)

Exclusive breastfeeding at 6–7 
months of age

5432 (22.8) 459 (18.9) 340 (20.3) 350 (21.6) 517 (21.7)

Daycare attendance, n (%)c

Not attend 20,027 (84.8) 2035 (84.8) 1364 (82.4) 1377 (85.3) 1934 (81.7)

Attend 3587 (15.2) 365 (15.2) 291 (17.6) 237 (14.7) 434 (18.3)

Parental characteristics

Mean maternal age at delivery, years 
(SD)a

30.4 (4.3) 30.2 (4.4) 30.4 (4.4) 30.5 (4.3) 30.7 (4.3)

Maternal smoking status, n (%)b

Nonsmoker 20,710 (86.8) 2104 (86.5) 1430 (85.3) 1417 (87.1) 1988 (83.2)

Smoker (≤10 cigarettes/day) 2184 (9.2) 227 (9.3) 150 (8.9) 124 (7.6) 251 (10.5)

Smoker (more than 10 cigarettes/
day)

970 (4.1) 101 (4.2) 97 (5.8) 86 (5.3) 150 (6.3)

Maternal educational attainment, n (%)c

University or higher 3714 (15.8) 382 (16) 249 (15.1) 230 (14.3) 313 (13.2)

Junior college or vocational school 10,190 (43.3) 1032 (43.3) 703 (42.6) 707 (43.9) 980 (41.5)

High school 8734 (37.1) 884 (37.1) 615 (37.3) 585 (36.4) 952 (40.3)

Junior high school and others 890 (3.8) 88 (3.7) 83 (5) 87 (5.4) 119 (5)

Paternal educational attainment, n (%)c

University or higher 9388 (40.2) 924 (39) 597 (36.5) 603 (37.8) 814 (34.8)

Junior college or vocational school 3652 (15.6) 372 (15.7) 259 (15.8) 270 (16.9) 395 (16.9)

High school 8770 (37.6) 894 (37.8) 673 (41.2) 605 (37.9) 958 (40.9)

Junior high school and others 1534 (6.6) 178 (7.5) 106 (6.5) 118 (7.4) 174 (7.4)

Residential area, n (%)

Wards 5368 (22.4) 604 (24.7) 327 (19.4) 371 (22.7) 504 (21)

Cities 14,118 (58.9) 1433 (58.7) 1006 (59.7) 1001 (61.3) 1362 (56.8)

Towns or villages 4472 (18.7) 404 (16.6) 351 (20.8) 261 (16) 534 (22.3)

Abbreviation: BMI, body mass index.
aObtained from the birth record.
bObtained from the first survey (at the age of 6 months).
cObtained from the second survey (at the age of 18 months).
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All CIs were calculated at the 95% level, and 
STATA SE version 18 (Statacorp, College Station, TX, 
USA) was used for all analyses. This study was ap-
proved by the Institutional Review Board of Okayama 
University Graduate School of Medicine, Dentistry, and 
Pharmaceutical Sciences (No. 1506-073).

RESU LTS

Demographic characteristics of eligible children

The mean BMI and SD for each category at the age of 
7 were as follows: Q1 (13.6 ± 0.71), Q2 (14.8 ± 0.25), Q3 
(15.7 ± 0.31), and Q4 (17.9 ± 1.72).

Table  1 shows demographic characteristics of the 
32,116 eligible children. Five BMI-change categories 
are shown: Q1Q1 (N = 2344), Q1Q4 (N = 1667), Q4Q1 
(N = 1642), Q4Q4 (N = 2415), and reference (N = 24,048). 
Children in the Q1Q1 and Q1Q4 categories had a higher 
incidence of preterm birth.

Relationship between BMI change and asthma 
phenotypes, divided by sex

In Q4 at the age of 7–8, risks of BA and AA were signifi-
cantly higher (adjusted OR: 1.22 [95% CI: 1.06–1.39], 1.43 
[95% CI: 1.17–1.73]), whereas no significant difference 
was observed in the risk of NA (1.16 [95% CI: 0.96–1.39]; 
Table 2).

In Q1Q4, risks of BA, AA, and NA were significantly 
increased (adjusted OR: 1.4 [95% CI: 1.16–1.7], 1.4 [95% 
CI: 1.06–1.85], and 1.41 [95% CI: 1.1–1.8], respectively). In 
Q4Q4, only the risk of AA was significantly higher (ad-
justed OR: 1.29 [95% CI: 1.01–1.65]), and not that of BA or 
NA (Table 3). In boys of Q1Q4, only the risks of BA and 
NA were significantly higher (adjusted OR: 1.47 [95% CI: 
1.17–1.85] and 1.56 [95% CI: 1.16–2.1], respectively), and 
not that of AA (1.37 [95% CI: 0.98–1.92]; Table 4). In girls 
of Q1Q4, there was no significant increase in the risk of 
BA, AA, or NA. In Q4Q4 girls, the risk of AA was sig-
nificantly higher (adjusted OR: 1.78 [95% CI: 1.21–2.6]). 
This trend was not observed in boys.

DISCUSSION

We examined the relationship between BMI changes 
during early childhood and school-age asthma preva-
lence classified by phenotypes and sex with a nationwide 
longitudinal survey. The results suggested that there was 
a sex difference in the impact of BMI changes during 
early childhood on asthma risks. Overall, Q1Q4 had sig-
nificantly higher risks of BA, AA, and NA. In boys, BA 
and NA risks were significantly higher in Q1Q4, but no 
significant difference was observed in AA risks. In girls, 

there was no significant difference in the risk of BA, AA, 
or NA in Q1Q4. The AA risk was significantly higher in 
Q4Q4 only in girls.

Q1Q4 had significantly higher risks of BA. This 
finding is consistent with previous papers showing that 
BMI changes during early childhood are a risk factor 
for asthma.6–8 When divided by subtypes and sex, there 
were findings that agreed with past reports and others 
that did not. In a cohort study from Taiwan, the risk of 
nonatopic asthma, but not atopic asthma, was signifi-
cantly higher in a group with rapid weight gain from 
birth to 18 months. The risk of nonatopic asthma was 
also significantly higher in boys, but no significant dif-
ference was observed in girls.12 On the other hand, there 
was a study with conflicting results. A French cohort 
study found a significant positive correlation with an in-
creased risk of AA, but not NA, in a group with marked 
increases in BMI from birth to 9–11 years of age. The risk 
of AA was significantly higher in boys, but not girls. It 
Is Important to consider known asthma risks to examine 
the BMI–asthma relationship, and preterm birth is one 
of them.13 In preterm children, a higher standardized 
weight-for-age during catch-up growth may decrease 
the risk of asthma/recurrent wheeze.14 Fat distribution 
differences between races were suggested.15 The relation-
ship between body fat and respiratory outcomes varies 
depending on the distribution.16 Racial differences and 
whether preterm birth is taken into account may cause 

TA B L E  2   Crude and adjusteda ORs for associations between 
BMI at 7 years of age and hospital visit due to bronchial asthma from 
7 to 8 years of age.

Ncase/N
% of 
cases

Crude ORs 
(95% CI)

Adjusteda ORs 
95% CI)

Bronchial asthma

Q1 436/7632 5.7 1 (ref.) 1 (ref.)

Q2 451/7628 5.9 1.04 (0.91–1.19) 1.01 (0.88–1.16)

Q3 479/7663 6.3 1.1 (0.96–1.26) 1.08 (0.94–1.23)

Q4 533/7606 7.0 1.24 (1.09–1.42) 1.22 (1.06–1.39)

Allergic asthma

Q1 203/7399 2.7 1.07 (0.87–1.3) 1.11 (0.9–1.36)

Q2 190/7367 2.6 1 (ref.) 1 (ref.)

Q3 216/7400 2.9 1.14 (0.93–1.38) 1.14 (0.93–1.39)

Q4 259/7332 3.5 1.38 (1.14–1.67) 1.43 (1.17–1.73)

Nonallergic asthma

Q1 233/7429 3.1 1 (ref.) 1 (ref.)

Q2 261/7438 3.5 1.12 (0.94–1.34) 1.1 (0.92–1.33)

Q3 263/7447 3.5 1.13 (0.95–1.35) 1.12 (0.93–1.35)

Q4 274/7347 3.7 1.2 (1–1.43) 1.16 (0.96–1.39)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds 
ratio.
aAdjusted for child factors (sex, singleton or not, preterm birth, parity, 
breastfeeding status, and daycare attendance), parental factors (maternal age 
at delivery, maternal smoking status, maternal educational attainment, and 
paternal educational attainment), and residential area.
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the differences in results. This study performed larger-
scale verification in a Japanese population while taking 
into account preterm birth and showed that BMI changes 
during early childhood were positively correlated with 
the risk of asthma, especially NA in boys.

This relationship may be mediated by the timing of 
adiposity rebound (AR), which typically occurs between 
5 and 7 years of age. Early AR is a strong predictor of 
future obesity and metabolic syndrome.17 Rapid weight 
gain between 1 and 5 years old was shown to be a clinical 
feature of early AR.18 As a previous study, which pro-
vided evidence that obesity-associated adipose tissue 
dysfunction developed in early childhood,19 fat accumu-
lation in early timing may start the metabolic dysregula-
tion. These may lead to impaired lung development, the 
mechanical effect of central adiposity, and elevated levels 
of cytokines associated with airway inflammation and 
remodeling.20 Structural mechanical change is one of the 
hypotheses regarding the adiposity-associated asthma 
mechanism. Overweightness and obesity in children 
were positively correlated with dysanapsis (physiological 
incongruence between the growth of lung parenchyma 
and caliber of the airways, abnormal FEV1/FVC despite 
normal FEV1 and FVC). Dysanapsis was shown to be 
correlated with the risk of acute exacerbation of severe 
asthma and increased risk of systemic steroid adminis-
tration.21 Dysanaptic lung growth was already observed 
in healthy infants, and it was correlated with weight gain 
and higher BMI.22 There is also a research which showed 

that lower FEV1/FVC in healthy boys than girls of school 
age.23 This combination of dysanaptic lung growth and 
boy characteristics could lead to the increased risk of 
NA in boys.

It should be noted that the risk of AA was significantly 
higher in girls in Q4Q4, whereas this trend was not ob-
served in boys. It is also worth noting the increased risk 
of AA without BMI changes during early childhood. A 
French cohort study also reported that the risk of atopic 
asthma was significantly higher in girls with high BMI 
values both at birth and school age, but not in boys.8 
Some studies have reported contradictory results. A 
Swedish cohort study showed that persistently high BMI 
during childhood increased the risk of doctor-diagnosed 
asthma at school age, and there was no sex difference.24 
Previous cross-sectional studies showed that there were 
no or negative associations between BMI and FENO in 
children.16,25 The mechanism to explain why this ten-
dency was observed only in females remains unclear. 
In this previous study, children aged 7–8 years were tar-
geted, and the effect of sex hormones was expected to be 
small. Further investigation is needed not only regarding 
BMI changes but also consistently high BMI.

There have been no previous studies of this scale in 
Japan that have described the relationship between BMI 
changes during early childhood and increased risk of 
asthma in school-age children. This data further empha-
sized the importance of growth management during early 
childhood. Given that the results differed depending on 

TA B L E  3   Crude and adjusteda ORs for associations between BMI change and hospital visit due to bronchial asthma from 7 to 8 years of 
age.

Ncase/N % of cases Crude ORs (95% CI) Adjusteda ORs (95% CI)

Bronchial asthma

Reference 1388/22,796 6.1 1 (ref.) 1 (ref.)

Q1Q1 140/2315 6.0 0.99 (0.83–1.19) 0.99 (0.83–1.2)

Q1Q4 137/1614 8.5 1.43 (1.19–1.72) 1.4 (1.16–1.7)

Q4Q1 86/1537 5.6 0.91 (0.73–1.14) 0.97 (0.77–1.22)

Q4Q4 148/2267 6.5 1.08 (0.9–1.28) 1.1 (0.92–1.32)

Allergic asthma

Reference 619/22,027 2.8 1 (ref.) 1 (ref.)

Q1Q1 68/2243 3.0 1.08 (0.84–1.39) 1.11 (0.85–1.44)

Q1Q4 59/1536 3.8 1.38 (1.05–1.81) 1.4 (1.06–1.85)

Q4Q1 46/1497 3.1 1.1 (0.81–1.49) 1.19 (0.87–1.61)

Q4Q4 76/2195 3.5 1.24 (0.97–1.58) 1.29 (1.01–1.65)

Nonallergic asthma

Reference 769/22,177 3.5 1 (ref.) 1 (ref.)

Q1Q1 72/2247 3.2 0.92 (0.72–1.18) 0.91 (0.7–1.17)

Q1Q4 78/1555 5.0 1.47 (1.16–1.87) 1.41 (1.1–1.8)

Q4Q1 40/1491 2.7 0.77 (0.56–1.06) 0.8 (0.57–1.1)

Q4Q4 72/2191 3.3 0.95 (0.74–1.21) 0.95 (0.74–1.22)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
aAdjusted for child factors (sex, singleton or not, preterm birth, parity, breastfeeding status, and daycare attendance), parental factors (maternal age at delivery, 
maternal smoking status, maternal educational attainment, and paternal educational attainment), and residential area.
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sex and phenotype classification, we hope that future re-
search will be designed to further advance the analysis of 
the mechanisms of childhood asthma.

A major strength of our study was the utilization of 
large-scale, nationwide birth cohort data from Japan, 
contributing to a diverse and representative sample. This 
enhances the generalizability and validity of our find-
ings. We also benefited from high response rates to our 
questionnaires, reducing the potential for response bias 
and improving the reliability of results.

However, our study has a few limitations. First, the 
accuracy of diagnosing asthma and related conditions 
relied on questionnaire data, which could have led to 
underestimations. While diagnoses are generally reliable 
given Japan's accessible healthcare system, inconsisten-
cies may occur as they depend on individual physicians' 
assessments rather than a standardized protocol. Second, 
despite adjusting for known asthma risk factors, some 
data, such as maternal BMI during pregnancy and family 
history of allergic diseases, were missing. Third, with no 
date specified for the skin-prick test or allergen-specific 
IgE, we used history of allergic diseases within 1 year to 
categorize asthma into allergic and nonallergic. While a 
previous study found an association between sensitization 

patterns and allergic disease,26 allergy testing is essential 
for the accurate classification of allergic and nonallergic 
asthma.27 According to the classification criteria in this 
study, patients who were IgE positive but did not have 
atopic dermatitis, allergic rhinitis, or food allergy may 
have been misclassified as NA instead of AA. In fact, the 
proportion of AA to NA was small compared to previ-
ous studies.8,12,27 Thus, there is a risk of misclassifying 
patients into allergic and nonallergic asthma subgroups. 
This misclassification bias may have led to an underes-
timation of the effect estimates. We need to consider the 
classification difference when comparing with previous 
studies. These factors should be included in future stud-
ies to enhance understanding. Fourth, 14,747 out of 47,015 
children were excluded due to missing BMI information, 
which may have introduced selection bias. The excluded 
population was more likely to be maternal smoking and 
have lower socioeconomic status, which could have raised 
their risk of asthma.28 This bias may have resulted in an 
underestimation of the effect estimates.

CONCLUSION

Our results demonstrated that BMI changes during early 
childhood impact asthma risks, particularly that the 
risk of NA in boys increases with BMI changes during 
early childhood, and the risk of AA in girls increases 
with consistently high BMI. These findings highlight 
the importance of monitoring BMI changes during early 
childhood and considering sex differences when assess-
ing asthma risks.
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TA B L E  4   Adjusteda ORs for associations between BMI change 
and hospital visit due to bronchial asthma from 7 to 8 years of age, 
divided by sex.

Adjusteda ORs (95% CI)

Boys Girls

Bronchial asthma

Reference 1 (ref.) 1 (ref.)

Q1Q1 1 (0.79–1.28) 0.98 (0.73–1.32)

Q1Q4 1.47 (1.17–1.85) 1.27 (0.91–1.78)

Q4Q1 0.87 (0.64–1.19) 1.11 (0.8–1.55)

Q4Q4 1.02 (0.81–1.28) 1.26 (0.94–1.67)

Allergic asthma

Reference 1 (ref.) 1 (ref.)

Q1Q1 0.99 (0.7–1.4) 1.32 (0.88–1.97)

Q1Q4 1.37 (0.98–1.92) 1.46 (0.89–2.39)

Q4Q1 1.07 (0.71–1.61) 1.39 (0.87–2.22)

Q4Q4 1.07 (0.78–1.48) 1.78 (1.21–2.6)

Nonallergic asthma

Reference 1 (ref.) 1 (ref.)

Q1Q1 1.01 (0.74–1.4) 0.76 (0.5–1.16)

Q1Q4 1.56 (1.16–2.1) 1.14 (0.73–1.8)

Q4Q1 0.69 (0.43–1.1) 0.92 (0.58–1.46)

Q4Q4 0.98 (0.71–1.34) 0.9 (0.59–1.38)

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds 
ratio.
aAdjusted for child factors (singleton or not, preterm birth, parity, 
breastfeeding status, and daycare attendance), parental factors (maternal age 
at delivery, maternal smoking status, maternal educational attainment, and 
paternal educational attainment), and residential area.
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