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ABSTRACT

Background: Previous studies suggest the association between early-life weight gain and
asthma. It remains unclear whether early-life weight gain is associated with atopic or non-atopic
asthma. This study aimed to investigate whether early-life weight gain is associated with atopic
or non-atopic asthma.

Methods: Included in this study were 1343 singleton-birth children (761 boys, 57%) born be-
tween January 2010 and December 2011 participating in the Longitudinal Investigation of Global
Health in Taiwanese Schoolchildren (LIGHTS) cohort were evaluated by a modified International
Study of Asthma and Allergies in Childhood (ISAAC) questionnaire and interviewed by pediatri-
cians between July 1, 2016 and May 31, 2018 at the mean age of 6.4 years. Weight gain z-scores
during the first 6, 12, and 18 months of life were classified into 4 groups: slow (below �0.67), on
track (�0.67 to 0.67), rapid (0.67 to 1.28), and extremely rapid (above 1.28). The main outcomes
were atopic and non-atopic asthma. Asthma was defined as having physician-diagnosed asthma
and the presence of wheeze or asthma exacerbations in the last 12 months. Atopy was determined
by Phadiatop Infant.

Results: The extremely rapid weight gain group of children during the first 6, 12, and 18 months
of life was significantly associated with an increased risk of non-atopic asthma (adjusted odd ratio
[AOR], 2.14, 95% confidence interval [CI], 1.01–4.53 for the first 6 months; AOR, 2.86, 95% CI,
1.34–6.14 for the first 12 months; AOR, 3.26, 95% CI 1.49–7.15 for the first 18 months) compared
with the on track group. No significant association was found in atopic asthma. A sex-stratified
analysis revealed the association of early-life weight gain with non-atopic asthma was statisti-
cally significant only in boys (AOR, 4.24, 95% CI, 1.44–12.50).

Conclusion: Extremely rapid weight gain during the first 6–18 months of life was significantly
associated with 2.1- to 3.3-fold increased risk of non-atopic asthma, with a more pronounced risk
found in boys.
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INTRODUCTION
Asthma is the most common chronic respiratory
disease in children and poses a significant burden to
the affected children aswell as healthcare systems.1,2

Asthma prevalence worldwide has been increasing
in recent decades based on the data from the
International Study of Asthma and Allergies in
Childhood (ISAAC), an international multicenter
epidemiological study.3 In parallel, childhood
obesity has also increased in recent decades.4

Growing evidence supports that obesity is an
important risk factor for asthma development.5–9

Since childhood weight gain is a dynamic
process, the temporal sequence might better
reflect the time window of gaining excess weight
and the subsequent development of asthma.
Some studies have explored the associations
between growth patterns in early life and
asthma.10–15 For example, a meta-analysis
including 147,252 European children in 31 birth
cohort studies found that rapid weight gain in in-
fancy was positively associated with childhood
asthma outcomes.10 In a birth cohort in the United
States, Tsai et al reported that children with
extremely rapid weight gain at the first 4, 12, and
24 months of life were each associated with an
increased risk of asthma in childhood compared
with the on track group of children.11

Asthma is a heterogeneous disease consisting of
several phenotypes. Asthma can be classified as
atopic or non-atopic, depending on the presence or
absenceof atopybasedonapositive skinprick test or
specific immunoglobulin E (IgE) antibodies against
commonallergens.16,17Althoughatopic childrenare
more likely to have asthma, a considerable
proportion of children with asthma do not appear
to be atopic.18 Despite similar clinical features
between atopic and non-atopic asthma, the risk fac-
tors and underlying immunological mechanisms are
probably different.19 However, several studies have
ignored the distinction between atopic and non-
atopic asthma even though these phenotypes may
have distinct causal mechanisms.

Although previous studies have reported the
association of early-life growth patterns with
childhood asthma,10–15 it remains unclear whether
early-life excess weight gain is associated with
atopic or non-atopic asthma. In the present study,
we aimed to investigate the temporal association
of early-life weight gain with atopic or non-atopic
asthma among Asian children in the Longitudinal
Investigation of Global Health in Taiwanese
Schoolchildren (LIGHTS) cohort.
METHODS

Study design

This study included 1343 singleton-birth chil-
dren participating in the LIGHTS study. The LIGHTS
population-based cohort consists of 1513 children
who were born in 2010 and 2011 and attended
well-child visits and follow-up visits in the Chang
Gung Memorial Hospital (CGMH).20–22 After
excluding multiple births (n ¼ 162) and missing
data on asthma or atopy (n ¼ 8), 1343 children
were included in the present study. The flow chart
for the enrollment process of study subjects is
shown in Fig. 1. The perinatal health information
was obtained from electronic medical records in
the CGMH. A modified ISAAC questionnaire was
applied to collect demographic and
epidemiologic data, general health information,
and clinical data from parents of study children.
All participants had an interview conducted by
pediatricians. Blood samples were drawn for
subsequent measurement of serum allergen-
specific IgE. The study was approved by the Insti-
tutional Review Board of Chang Gung Medical
Foundation (No. 201600334A3). Written informed
consent was provided by the parent or legal
guardian of each participant.

Weight gain measurement

Child’s weight and height at the age of 6, 12,
and 18 months, were measured by trained pedi-
atric nurses at well-child visits based on standard
clinical procedures. Specifically, older children
were measured without shoes and wearing only a
t-shirt and underwear, and for infants only a diaper
was allowed. This study defined change in weight
gain z-scores during 3 different time periods: from
birth to the first 6, 12, and 18 months. For each
time period, we calculated weight-for-age z-
scores, using the Stata program for Child Growth
Standards developed by the World Health Orga-
nization (WHO),23 and the change in weight-for-
age z-scores during the corresponding period.
We further classified change in weight gain z-
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Fig. 1 Flow chart for the enrollment process of study subjects. Abbreviation: LIGHTS: Longitudinal Investigation of Global Health in
Taiwanese Schoolchildren.
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scores into 4 groups: (1) slow weight gain, defined
as weight gain z-score below �0.67; (2) on track,
defined as weight gain z-score between �0.67 and
0.67; (3) rapid weight gain, defined as weight gain
z-score between 0.67 and 1.28; and (4) extremely
rapid weight gain, defined as weight gain z-score
above 1.28, respectively. The numbers of children
in the 4 weight gain groups during the first 6, 12,
and 18 months are shown in Table S1.
Outcome assessment

The primary outcomes were atopic asthma and
non-atopic asthma, which were evaluated during
the follow-up visit at the mean age of 6.4 years.
Asthma was defined as having physician-
diagnosed asthma (either by a parent-reported
questionnaire or an interview by pediatricians)
and the presence of wheeze or asthma exacerba-
tions in the last 12 months. Atopy, as the second-
ary outcome, was defined based on the Phadiatop
Infant test result (S0.35 PAU/L) (Phadia, Uppsala,
Sweden), measuring IgE against the following
specific allergens: house dust mite, cat, dog, birch,
timothy, ragweed, wall pellitory, egg white, cow’s
milk, peanut, and shrimp.24 Asthma was further
divided into atopic and non-atopic asthma based
on presence or absence of atopy.

Statistical analysis

For demographic characteristics, categorical
variables were compared and tested using chi-
squared test; and continuous variables were
tested using analysis of variance (ANOVA). Early-
life weight gain was treated as a categorical vari-
able with 4 groups (slow weight gain, on track
[reference group], rapid weight gain, and
extremely rapid weight gain). Multiple logistic
regression analyses were applied to examine the
associations of early-life weight gain group with
atopic asthma, non-atopic asthma, and atopy,
separately, with adjustment of relevant covariates.
The adjusted covariates were listed as follows:
child’s age, sex, current body mass index (BMI),
prematurity (based on gestational age [GA]: term
[�37 weeks] and preterm [<37 weeks]), birth or-
der, breastfeeding (<3 months and �3 months),
maternal asthma, maternal age at delivery,
maternal pre-pregnancy BMI, gestational diabetes,
maternal smoking, maternal education, and
household income. To evaluate potential effect
modification, we performed subgroup analysis
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stratified by child’s sex. We declare a P-value less
than 0.05 as statistical significance. Statistical ana-
lyses were performed using SPSS 25.0 (IBM Corp.,
Armonk, NY, USA).
RESULTS

Characteristics of the study participants

Table 1 presents the characteristics of the 1343
study subjects (761 boys, 57%; mean age, 6.4
years). Among the 1343 study children, 189
(14.1%) and 53 (4.0%) had atopic asthma and
non-atopic asthma, respectively. The prevalence
of atopy was 65.0% among the study population in
this study. Children with atopic asthma and non-
Variable No asthm
(n ¼ 1101

Age, year, mean � SD 6.4 � 0.4

Sex, male, n (%) 615 (56.0

BMI, kg/m2, mean � SD 15.8 � 2.

Prematurity, n (%)a 167 (15.2

Birth order, n (%)b

First 605 (55.0
Second 394 (35.8
Third or later 102 (9.2

Breastfeeding, n (%)
<3 months 546 (49.9
�3 months 552 (50.1

Maternal asthma, n (%)b 56 (5.1)

Maternal age at delivery, year,
mean � SD

32.2 � 4.

Maternal pre-pregnancy BMI, kg/m2 21.2 � 3.

Gestational diabetes, n (%) 58 (5.3)

Maternal smoking, n (%) 39 (3.5)

Maternal university education, n (%) 875 (79.8

Annual household income, n (%)
<300,000 NTD 40 (3.7)
300,000–600,000 NTD 176 (16.1
600,000–900,000 NTD 243 (22.3
900,000–1,200,000 NTD 300 (27.5
>1,200,000 NTD 333 (30.5

Table 1. Characteristics of study subjects. Abbreviation: SD, standard devia
gestational age: term (S37 weeks) and preterm (<37 weeks). bP < 0.05 across t
atopic asthma both tended to have a higher pro-
portion of maternal asthma than those without
asthma. Clinical characteristics of children in the 4
weight gain groups are shown in Table S2.

Association of early-life weight gain with atopic
and non-atopic asthma

Fig. 2 shows that the extremely rapid weight
gain group during the first 6, 12, and 18 months
of life was significantly associated with an
increased risk of non-atopic asthma (adjusted
odds ratio (AOR), 2.14; 95% confidence interval
(CI), 1.01–4.53 for the first 6 months; AOR, 2.86;
95% CI, 1.34–6.14 for the first 12 months; AOR,
3.26; 95% CI, 1.49–7.15 for the first 18 months)
a
)

Atopic asthma
(n ¼ 189)

Non-atopic asthma
(n ¼ 53)

6.4 � 0.4 6.5 � 0.4

) 118 (62.4) 28 (52.8)

4 16.1 � 2.4 15.4 � 1.8

) 28 (14.8) 9 (17.0)

) 113 (59.8) 32 (60.4)
) 68 (36.0) 17 (32.1)
) 8 (4.2) 4 (7.5)

) 96 (50.8) 22 (41.5)
) 93 (49.2) 31 (58.5)

21 (11.2) 7 (13.5)

1 31.9 � 4.1 32.4 � 3.9

3 21.0 � 3.0 21.3 � 3.5

11 (5.8) 4 (7.5)

6 (3.2) 0 (0.0)

) 152 (80.4) 46 (86.8)

4 (2.1) 1 (1.9)
) 30 (16.0) 14 (26.4)
) 38 (20.2) 8 (15.1)
) 56 (29.8) 15 (28.3)
) 60 (31.9) 15 (28.3)

tion; BMI, body mass index; NTD, new Taiwan dollar. aClassified based on
hree groups
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Fig. 2 Associations of weight gain in the first 6, 12, and 18 months with atopic and non-atopic asthma*. *Adjusted for child’s age, sex,
current body mass index, prematurity, birth order, breastfeeding, maternal asthma, maternal age at delivery, maternal pre-pregnancy body
mass index, gestational diabetes, maternal smoking, maternal education, and household income. Bold values denote statistical significance
at P < 0.05. Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.

Fig. 3 Associations of weight gain in the first 6, 12, and 18 months
with atopy*. *Adjusted for child’s age, sex, current body mass
index, prematurity, birth order, breastfeeding, maternal asthma,
maternal age at delivery, maternal pre-pregnancy body mass
index, gestational diabetes, maternal smoking, maternal
education, and household income. Abbreviations: AOR, adjusted
odds ratio; CI, confidence interval.
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compared with the on track group, after adjust-
ment for child’s age, sex, current BMI, prematurity,
birth order, breastfeeding, maternal asthma,
maternal age at delivery, maternal pre-pregnancy
BMI, gestational diabetes, maternal smoking,
maternal education, and household income. In
contrast, no significant relationship was found be-
tween weight gain groups during the first 6, 12,
and 18 months and atopic asthma (Fig. 2). A
sensitivity analysis was performed by excluding
children who were born preterm. The increased
risk of non-atopic asthma among the extremely
rapid weight gain group remained significant after
excluding children born preterm (Figure S1).

Association of early-life weight gain with atopy

There was no significant association of
extremely rapid and rapid weight gain groups
during the first 6, 12, and 18 months with atopy,
although the slow weight gain group during the
first 12 and 18 months of life was associated with a
marginally significant decreased risk of atopy
(AOR, 0.60; 95% CI, 0.38–0.95 for the first 12
months; AOR, 0.55; 95% CI, 0.34–0.88 for the first
18 months) (Fig. 3).

Association of early-life weight gain with non-
atopic asthma stratified by child’s sex

We further performed a stratified analysis to
evaluate whether the detrimental effect of weight
gain in early life on non-atopic asthma differed by
child’s sex. Fig. 4 shows significant association of
extremely rapid weight gain during the first 12
and 18 months of life with non-atopic asthma



Fig. 4 Associations of weight gain in the first 6, 12, and 18 months with non-atopic asthma, stratified by sex*. *Adjusted for child’s age, sex,
current body mass index, prematurity, birth order, breastfeeding, maternal asthma, maternal age at delivery, maternal pre-pregnancy body
mass index, gestational diabetes, maternal smoking, maternal education, and household income. Bold values denote statistical significance
at P < 0.05. Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.
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among boys (AOR, 3.60; 95% CI, 1.26–10.32 for
the first 12 months; AOR, 4.24; 95% CI, 1.44–12.50
for the first 18 months), but not among girls.
DISCUSSION

To our knowledge, this is the first cohort study of
Asian children to investigate the temporal associ-
ation of early-life weight gain with atopic or non-
atopic asthma. This study of 1343 singleton-birth
Asian children demonstrates that extremely rapid
weight gain during the first 6, 12, and 18 months of
life were all significantly associated with an
increased risk of non-atopic asthma (AORs ranging
from 2.14 to 3.26), but not atopic asthma. The re-
sults remain significant after adjustment for a
range of factors, including child’s age, sex, current
BMI, prematurity, birth order, breastfeeding,
maternal asthma, maternal age at delivery,
maternal pre-pregnancy BMI, gestational diabetes,
maternal smoking, maternal education, and
household income. This study provides new evi-
dence that the detrimental effect of early-life
weight gain on the subsequent development of
childhood asthma is mainly confined to non-atopic
asthma and the effect is probably more pro-
nounced among boys than girls.

While several previous studies reported the as-
sociation of excess weight gain in early life with
childhood asthma,10–15 the mechanism remains
unknown. Our findings imply that the effect of
excess weight gain in early life on the
subsequent development of childhood asthma is
likely mediated by non-IgE-mediated mecha-
nisms. In addition, the increased risk of non-atopic
asthma was found in the extremely rapid weight
gain group, but not in the rapid weight gain group,
suggesting non-linear threshold relations of early-
life weight gain with the risk of non-atopic
asthma. Rapid weight gain in early life has been
recognized as an important determinant of child-
hood obesity.25–27 In addition, previous studies
suggested a stronger association of obesity with
asthma in non-atopic children than in atopic chil-
dren.28,29 In a National Health and Nutrition
Examination Survey among 16,074 US children
and adolescents aged 2–19 years, Visness and
colleagues reported that the association of
obesity with asthma was stronger in non-atopic
children than in atopic children.28 Another
national sample of US children also found that
children with non-atopic asthma (but not atopic
asthma) had higher BMI than non-asthmatic chil-
dren.29 The relationship between obesity and non-
atopic asthma was also suggested in adults.30,31 A
study of 4060 Australian adults showed that central
obesity was associated with non-atopic asthma but
not atopic asthma.30 A recent cross-trait genome-
wide association study of 457,822 European adults
demonstrated a positive genetic correlation of
obesity with non-atopic asthma but not with atopic
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asthma.31 Accordingly, these data may indirectly
support our findings and suggest that excess
weight gain in early life increases the risk of
subsequent obesity and further increases the risk
of developing non-atopic asthma.

Our findings are in line with studies reported by
other groups that found no association of rapid
weight gain with atopy.32–34 For example, the
results from a cohort study in the United
Kingdom revealed that postnatal growth and
adiposity gain did not influence the relative risk
of atopy in 1548 full-term infants followed from
birth to 3 years.32 A large trial in the Republic of
Belarus with 12,171 term infants showed no
evidence of consistent associations between
weight gain from infancy to mid-childhood and
atopic status at the age of 6.5 years.33 These
findings, taken together, support our speculation
that the relationship between excess weight gain
in early life and asthma may be mediated
through an atopy-independent pathway.

Although sex difference in the relationship be-
tween childhood obesity and asthma has been
reported by other studies,35–37 there is scant
evidence for sex difference on the association of
early-life weight gain with asthma. In a US birth
cohort study, Tsai et al reported no sex difference
in the association between early-life weight gain
and asthma.11 Our results suggest that boys are
more sensitive to the detrimental effect of
extremely rapid weight gain on non-atopic
asthma than girls. However, the mechanisms un-
derlying the sex difference remain uncovered.
Further studies are needed to investigate the role
and mechanism of sex in the association between
early-life weight gain and asthma.

The present study has several strengths. First,
the study was conducted in a large population-
based cohort of Asian children with comprehen-
sive measurement of serum allergen-specific IgE
as an objective marker of allergic sensitization.
Second, the information of maternal and perinatal
data was obtained directly from medical records
instead of self-reports, avoiding potential recall
bias. Some potential limitations should also be
noted. First, the study cohort only included an
Asian pediatric population. Whether the results
can be generalized to other ethnic populations
remains to be confirmed. Second, although several
pertinent factors have been controlled and
adjusted in the analyses, it remains possible that
the observed increased risk might be partially
explained by unmeasured confounding factors.
Third, the small sample size for the non-atopic
asthma group has resulted in the wide 95% confi-
dence intervals. However, the effect size increases
as the duration of rapid weight gain increases
suggesting the extreme phenotype may be related
biologically to asthma risk in this way. Further
validation studies with larger sample sizes are
needed.
CONCLUSION

This population-based cohort study demon-
strates that extremely rapid weight gain during the
first 6, 12, and 18 months of life poses an increased
risk of subsequently developing non-atopic
asthma, but not atopic asthma, by the age of 6
years in Asian children. The association is probably
more pronounced among boys than girls. Public
awareness and effective strategies in avoiding
excess weight gain in early life may be helpful in
preventing the development of non-atopic asthma
in childhood.
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