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Purpose: Since pathophysiologic evidence has been raised to suggest that obesity could facilitate an allergic reaction, obesity has
been known as an independent risk factor for allergic disease such as asthma. However, the relationship between sedentary be-
havior and lifestyle which could lead to obesity, and those allergic diseases remains unclear.

Materials and Methods: We analyzed the relations between physical activity, including sitting time for study, sitting time for lei-
sure and sleep time, and obesity, asthma, allergic rhinitis, and atopic dermatitis using the Korea Youth Risk Behavior Web-based
Survey, which was conducted in 2013. Total 53769 adolescent participants (12 through 18 years old) were analyzed using simple
and multiple logistic regression analyses with complex sampling.

Results: Longer sitting time for study and short sitting time for leisure were associated with allergic rhinitis. High physical activity
and short sleep time were associated with asthma, allergic rhinitis, and atopic dermatitis. Underweight was negatively associated

with atopic dermatitis, whereas overweight was positively correlated with allergic rhinitis and atopic dermatitis.
Conclusion: High physical activity, and short sleep time were associated with asthma, allergic rhinitis, and atopic dermatitis.
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INTRODUCTION

Many studies have consistently reported an association be-
tween obesity and asthma.'? Obesity-related reductions in
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pulmonary function as well as leptin and tumor necrosis factor-o
production by adipose tissue have been suggested as the mech-
anisms underlying asthma development in obese individu-
als.? On the other hand, however, few studies have demonstrat-
ed an association between asthma and physical activity/seden-
tary time/sleep time. Physical activity, sedentary time, and sleep
time interact with each other, and they are also linked to obesity.>”
Physical activity is inversely associated with sedentary time,
while low physical activity and high sedentary time are related
to obesity.?® Long sleep time is linked to obesity as an extension
of sedentary time, whereas short sleep is also related to obesity.” "'
Hence, it is essential to evaluate these conditions with a sophis-
ticated model that accounts for all of these factors to identify
those that contribute to asthma.

The relation between obesity and allergic rhinitis/atopic
dermatitis is controversial. Allergic rhinitis was not associated
with obesity in some reports;'*** however, it was clearly asso-
ciated with obesity in another report.”® Atopic dermatitis is as-
sociated with obesity in North America and Asia, but not in Eu-
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rope.' Therefore, the association between obesity and allergic
rhinitis/atopic dermatitis should be further evaluated. Further-
more, to the best of our knowledge, there has been no study
on the relations between allergic rhinitis, atopic dermatitis,
physical activity, sitting time, sleep time, and obesity after ad-
justing for these factors in the same model.

In this study, we evaluated the relation between asthma/al-
lergic rhinitis/atopic dermatitis and physical activity/seden-
tary time/sleep time/obesity, using a nationwide representative
sample of Korean adolescents. We hypothesized that lower
physical activity, longer sitting time for study or leisure, short
sleep time, long sleep time, and obesity would be associated
with these allergic diseases.

MATERIALS AND METHODS

Study population and data collection
The Institutional Review Board (IRB) of the Centers for Disease
Control and Prevention of Korea (KCDC) approved this study
(2014-06EXP-02-P-A). Written informed consent was obtained
from each participant prior to the survey. Because this web-
based survey was performed at the schools with huge partici-
pants, the informed consent from their parents was exempted.
This consent procedure was approved by the IRB of KCDC.
This study was a cross-sectional study using data from the
Korea Youth Risk Behavior Web-based Survey (KYRBWS). The
study covered one nation using statistical methods based on
designed sampling and adjusted weighted values. The data
from KYRBWS that were collected in 2013 by KCDC were ana-
lyzed. Korean adolescents from 7th through 12th grade volun-
tarily and anonymously completed the self-administered
questionnaire. The validity and reliability of the KYRBWS were
documented by other studies.'”*® The surveys evaluated the
data from the South Korean adolescents using stratified, two-

Participants (n=72435)

Participants without sleep time history (n=14933)

Y

Y

Participants without sedentary time history (n=2403)

Y

Participants without height or weight record (n=1330)

Total study population (n=53769)

Asthma (n=1186), allergic rhinitis (n=9018),
atopic dermatitis (n=3546) for recent 12 months

Fig. 1. A schematic of participant selection in the present study. Among
a total of 72435 participants aged 12 to 18 years, individuals with incom-
plete survey data were excluded from the study. The data from 53769
participants with complete data were analyzed.
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stage (schools and classes) clustered sampling analyses based
on data from the Education Ministry. The sampling was weight-
ed by statisticians, who performed post-stratification and con-
sidered the non-response rates and extreme values.

Of a total of 72435 participants, we excluded the following
participants from this study: participants who did not provide
their sleep time or who slept less than 2 h per night (14933 par-
ticipants), participants who did not record their sitting times
for study or leisure (2403 participants), and participants who
did not record their height or weight (1330 participants). Fi-
nally, 53769 participants (26819 male; 26950 female) aged 12
through 18 years were included in this study (Fig. 1).

Survey

Independent variables

The days of physical activity were measured as the days in the
most recent 7 days on which exercise was performed for more
than 60 minutes, sufficient to increase heart rate or respiration.
Because the mean physical activity day value was 1.9, physical
activity was divided into the <2 d group (low physical activity)
and >2 d group (high physical activity). The sitting time for
study and leisure time within 7 days of the questionnaire was
surveyed; sitting time for study included sitting time at school
or a private institute, using a computer for studying, and watch-
ing educational broadcasting. Sitting time for leisure included
watching TV, playing videogames, conducting internet search-
es not related to studying, and participating in online chats.
Sitting time for study was measured in hours and minutes. The
mean daily sitting time was calculated by adding the weekday
sitting time and weekend sitting time and by assigning them 5/7
weight and 2/7 weight, respectively. Because the mean sitting
times for study and leisure times were 6.3 h and 3.0 h, respec-
tively, sitting time for study was divided into the <6 h group
(low study sitting) and the >6 h group (high study sitting), and
sitting time for leisure was divided into the <3 h group (low
leisure sitting) and the >3 h group (high leisure sitting). Sleep
time in the most recent 7 days was surveyed. Times of falling
asleep and waking up were measured by the hour in 10-min-
ute increments. The sleep time duration was calculated by sub-
tracting the falling asleep time from the waking up time. The
mean daily sleep time was calculated by adding the weekday
sleep time and weekend sleep time and by assigning them 5/7
weight and 2/7 weight, respectively. Sleep time was divided
into 4 groups: <6 h, 6 h <time <7 h, 7h <time <8 h, and 28 h. The
National Sleep Foundation suggested that appropriate sleep
duration for adolescents is 8 to 10 h. In Korea, only 1.1% of the
participants reported sleeping >10 h per day. This >10 h sleep
group was too small to be categorized as an additional group
(long sleep group), therefore, we called the >8 h sleep group
the ‘relatively long sleep group, despite most of the sleep times
being in the normal range. The obesity levels were categorized
into 4 groups according to the Centers for Disease Control and
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Prevention guidelines regarding body mass index (kg/m?) for
children and teens:" obese, >95th percentile; overweight, >85th
percentile and <95th percentile; healthy weight, >5th percen-
tile and <85th percentile; and underweight, <5th percentile.

Covariates

The region of residence was divided into 3 groups based on ad-
ministrative district: large city, small city, and rural area. Eco-
nomic status was classified into 5 levels, from highest to low-
est. The participants were asked to report how many days they
had smoked in the last month and, based on these data, the
participants were divided into 4 groups: 0 days per month, 1-5
days per month, 6-19 days per month, and >20 days per month.
The stress level of participants was divided into 5 groups: se-
vere, moderate, mild, a little, no stress.

Dependent variables

The participants were asked about history of their allergic rhi-
nitis, asthma, and atopic dermatitis in the most recent 12
months and over their entire life. For example, the participants
were asked, “In the past 12 months, have you been diagnosed
with allergic rhinitis by a doctor?” and “Have you ever been di-
agnosed with allergic rhinitis by a doctor?” The participants who
had been diagnosed by a medical doctor were recorded as
positive.

Statistical analysis

The differences in mean age, physical exercise days, sitting time
for study, and sitting time for leisure according to asthma, al-
lergic rhinitis, and atopic dermatitis history (entire life and
most recent 12 months) were compared using linear regres-
sion analysis with complex sampling. The differences in sleep
time, obesity, gender, region of residence, economic level, and
smoking were compared using chi-square tests with Rao-Scott
corrections.

The odds ratios (ORs) of physical exercise days, sitting time
for study, sitting time for leisure, sleep time, and obesity for
asthma, allergic rhinitis, and atopic dermatitis (entire life and
most recent 12 months) were calculated by simple logistic re-
gression analysis with complex sampling (unadjusted) and
multiple logistic regression analysis with complex sampling
adjusted by age, gender, region of residence, economic level,
smoking, physical activity, sitting time for study, sitting time
for leisure, sleep time, obesity, asthma, allergic rhinitis, and
atopic dermatitis (adjusted model).

Two-tailed analyses were conducted, and p values less than
0.05 were considered to indicate significance. The 95% confi-
dence intervals were also calculated. After applying the weight-
ed values recommended by KYRBWS, all of the results were
presented as weighted values. The results were analyzed with
SPSS ver. 21.0 (IBM, Armonk, NY, USA).
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RESULTS

Compared with the control group, the participants with asthma
showed higher mean physical activity, higher rates of over-
weight and obese, a higher proportion of males, higher eco-
nomic levels, and a higher smoking rate. The participants with
allergic exhibited higher mean physical activity, economic
level and mean sitting time for study as well as a lower mean
sitting time for leisure and less sleep time. The participants with
atopic dermatitis exhibited higher mean sitting times for study
and leisure, a greater prevalence of females, a higher smoking
rate, and less sleep time (Table 1). The general characteristics
according to the entire life histories are described in Supple-
mentary Table 1 (only online).

In the unadjusted model, higher physical activity was asso-
ciated with asthma and allergic rhinitis, higher sitting time for
study was associated with asthma, allergic rhinitis and atopic
dermatitis, less sitting time for leisure was associated with aller-
gic rhinitis, less sleep time was associated with allergic rhinitis
and atopic dermatitis, and overweight was linked to all the above
three diseases (Table 2).

We analyzed the relation between the subjects’ recent 12-
month history and these diseases (asthma, allergic rhinitis, and
atopic dermatitis) (Table 2). Higher physical activity was posi-
tively associated with all of them. Sitting time for study was pos-
itively associated with allergic rhinitis, whereas sitting for lei-
sure was negatively associated with allergic rhinitis. Less sleep
time was clearly associated with all of the above three diseases.
Underweight was negatively associated with atopic dermati-
tis. Overweight was associated with allergic rhinitis and atopic
dermatitis. Obese was only linked to atopic dermatitis. The re-
sults of simple and multiple logistic regression analyses of en-
tire life history of asthma, allergic rhinitis, and atopic dermati-
tis are described in Supplementary Table 2 (only online).

DISCUSSION

High physical activity and less sleep time were consistently
associated with asthma, allergic rhinitis, and atopic dermatitis.
Sitting times for study and leisure were associated with allergic
rhinitis. Atopic dermatitis clearly showed dose-dependent as-
sociation with obesity.

In 90% of asthma patients, the disease can be exacerbated by
exercise.”” Therefore, many children with asthma should re-
strict their exercise,?' but exercise can reduce the risk of asth-
ma.” We hypothesized that asthma might be associated with
lower physical activity; however, the observed result was op-
posite. Asthma has been associated with lower physical activ-
ity.2*** whereas it has been linked to higher physical activity'**
or not associated with physical activity.”**® Participants with
asthma might have exercised more to improve their health, or
participants with high physical activity might have been over-
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diagnosed with asthma due to exercise-induced symptom ag-
gravation compared with those with low physical activity.”
Sweating is the most commonly reported exacerbating factor
for itching in patients with atopic dermatitis.” Consistent with
a previous study," we found that high physical activity was re-
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lated not only to asthma but also to allergic rhinitis and atopic
dermatitis. Confounding factors that we did not consider, such as
residential environment, dietary habits, and the number of peo-
ple in the household, might have affected these associations.
Previously, asthma was shown to be associated with seden-

Table 1. General Characteristic of Participants According to History of Asthma, Allergic Rhinitis, and Atopic Dermatitis (Recent 12 Months)

Total Asthma Allergic rhinitis Atopic dermatitis
No Yes pvalue No Yes pvalue No Yes pvalue
53769 52583 1186 44751 9018 50223 3546
Total, n (%)
(100.0) (97.8) (22) (83.2) (16.8) (93.4) (6.6)
Estimated, n (%) 2747627 2686554 61073 2270721 476906 2495304 252323
' (100.0) (97.8) (22) (82.6) (17.4) (93.3) (6.7)
Age (yr) 150400 150400 147+01  <0001* 150400 151400 0.001* 150400 14.9400 0.009*
Physical exercise (d) 1.9+0.0 19400  23+01  <0.001* 19400  20+00  <0.001* 1.9+0.0 1.9+0.0 0.489
Sitting time for study (hr) 6.3+0.1 6.4+0.1 58+0.1  <0.001* 6.2+0.1 6.8+0.1 <0.001* 6.3+0.1 6.5+0.1 0.014*
Sitting time for leisure (hr) ~ 3.0+0.0 30+00  3.2£0.1 0.003* 30+00  2.9+00 0.030* 30+00  3.1+00 0.015*
Sleep time (%) 0.152 <0.001" 0.005
<6 hr 24.4 243 256 235 283 242 265
>6 hr, <7 hr 259 26.0 234 258 266 259 26.3
>7 hr, <8 hr 27.0 27.0 26.6 274 25.1 27.1 259
>8 hr 227 227 24.4 233 20.0 228 213
Obesity (%) <0.001" <0.001" <0.001"
Underweight 6.0 6.0 58 6.1 5.6 6.2 41
Healthy 79.4 795 754 79.4 793 79.4 79.3
Overweight 11.2 1.1 14.7 11.0 12.1 11.0 13.1
Obese 34 34 4.1 35 3.1 34 36
Sex (%) <0.001" <0.001" <0.001"
Male 51.6 51.4 62.2 52.1 49.6 52.3 431
Female 484 48.6 37.8 47.9 50.4 47.7 56.9
Region (%) 0.539 0.002' 0.307
Large city 444 445 429 443 451 444 444
Small city 49.0 489 50.0 489 494 489 496
Rural area 6.6 6.6 7.1 6.8 5.5 6.6 6.0
Economic level (%) <0.001" <0.001" 0.001"
Highest 70 6.9 114 6.8 17 7.0 75
Middle high 255 255 242 249 284 256 243
Middle 48.1 482 434 485 458 482 46.4
Middle low 15.6 15.6 15.7 15.9 14.3 15.5 17.2
Lowest 38 38 52 39 37 38 46
Smoking (%) <0.001" 0.269 0.116
0 day a month 91.5 91.6 88.3 91.5 915 916 908
1-5 days a month 2.3 2.3 2.7 2.3 2.3 2.3 2.5
6-19 days a month 1.4 1.4 1.7 14 1.2 1.4 12
>20 days a month 48 47 14 47 49 47 53
Stress level 0.006" <0.001" <0.001"
No 27 2.7 34 29 22 28 25
Alittle 14.3 14.3 13.7 14.9 11.6 14.5 112
Moderate 42.0 421 38.8 425 393 422 39.1
Severe 303 303 304 29.7 33.6 30.1 338
Very severe 10.6 10.6 13.8 10.0 134 104 13.3

*Linear regression analysis with complex sampling, significance at p<0.05, 'Chi-square test with Rao-Scott correction, significance at p<0.05.
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Table 2. Odds Ratios of Physical Activity, Sitting Time for Study, Sitting Time for Leisure, Sleep Time, and Obesity for Asthma, Allergic Rhinitis, and
Atopic Dermatitis (Recent 12 Months) Using Simple and Multiple Logistic Regression Analysis with Complex Sampling

Simple logistic regression

Multiple logistic regression’

Asthma Allergic rhinitis  Atopic dermatitis Asthma Allergic rhinitis  Atopic dermatitis
AOR AOR AOR AOR
@nc) P o) P @sen P ) UM ) PUMC esoy P
Physical activity <0.001* <0.001* 0.796 <0.001* <0.001* 0.030*
<2d 1.00 1.00 1.00 1.00 1.00 1.00
24 1.45 1.10 1.01 1.29 1.15 1.09
(1.30-1.64) (1.05-1.16) (0.94-1.09) (1.15-1.45) (1.09-1.21) (1.01-1.17)
Sitting time for study <0.001* <0.001* 0.011* 0.099 <0.001* 0.134
<6 hr 1.00 1.00 1.00 1.00 1.00 1.00
6 hr 0.78 1.25 1.10 0.90 1.17 1.06
(0.69-0.87) (1.19-1.31) (1.02-1.19) (0.80-1.02) (1.11-1.24) (0.98-1.15)
Sitting time for leisure 0.059 0.006* 0.057 0.054 0.029* 0.423
<3hr 1.00 1.00 1.00 1.00 1.00 1.00
S3hr 1.13 093 1.07 1.13 0.95 1.03
(1.00-1.28) (0.89-0.98) (1.00-1.15) (1.00-1.28) (0.90-0.99) (0.96-1.11)
Sleep time 0.147 <0.001* 0.003* 0.001* <0.001* 0.021*
%hr 1.07 1.31 1.15 1.38 1.20 1.15
(0.91-1.26) (1.24-1.40) (1.04-1.26) (1.15-1.65) (1.12-1.28) (1.04-1.27)
0.91 1.13 1.07 1.07 1.08 1.08
>6 hr, <7 hr
(0.77-1.08) (1.06-1.20) (0.97-1.17) (0.90-1.27) (1.02-1.15) (0.98-1.19)
>7 hr, <8 hr 1.00 1.00 1.00 1.00 1.00 1.00
8 hr 1.09 0.93 0.98 0.95 0.96 0.98
(0.93-1.29) (0.88-1.00) (0.88-1.08) (0.81-1.11) (0.89-1.02) (0.88-1.09)
Obesity 0.001* 0.001* <0.001* 0.056 0.002*¢ <0.001*
[ m— 1.03 0.91 0.66 1.06 0.93 0.70
(0.81-1.31) (0.82-1.00) (0.56-0.79) (0.83-1.35) (0.85-1.03) (0.59-0.83)
Healthy 1.00 1.00 1.00 1.00 1.00 1.00
T 1.40 1.10 1.19 1.25 1.12 1.25
(1.19-1.64) (1.03-1.18) (1.07-1.32) (1.06-1.47) (1.05-1.20) (1.13-1.39)
Obese 1.26 0.89 1.06 0.98 0.95 1.26
(0.94-1.68) (0.78-1.02) (0.88-1.27) (0.73-1.32) (0.83-1.09) (1.04-1.53)

AOR, adjusted odds ratio; Cl, confidence interval.

*Significance at p<0.05, 'This model was adjusted by age, sex, region of residence, economic level, smoking, physical activity, sitting time for study, sitting time

for leisure, sleep time, obesity, asthma, allergic rhinitis, and atopic dermatitis.

tary behavior,>* and asthma/allergic rhinitis/atopic dermati-
tis with sedentary time.” Furthermore, active and passive sed-
entary behaviors were found to be differentially associated with
obesity.** In the present study, we divided sedentary (sitting)
time based on specific purposes. As shown sitting time for
study (mean, 6.3 h) was twice long compared to sitting time for
leisure (mean, 3.0 h). Therefore, sitting time for study showed
a potential relation with allergic diseases, while the relatively
short sitting time for leisure showed inconsistent results. Dif-
ferences in study and leisure sitting time locations might have
affected the relations with allergic diseases.

Short sleep time (<6 h and 6 h <time <7 h) was associated with
all of the diseases, whereas relatively long sleep time (>8 h) was
not. In a previous report, asthma in children was associated
with sleep apnea, which was influenced by obesity.*" In the
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present study, asthma was associated with a short sleep time,
even after adjusting for obesity. Poor sleep hygiene in children
with asthma and allergic rhinitis was previously reported.** Pa-
tients with asthma, allergic rhinitis, and atopic dermatitis expe-
rience sleep disturbances because of their symptoms, such as
coughing and dyspnea,® nasal obstructions,* and itching,* re-
spectively. Short sleep times are not only a consequence of these
diseases but also a risk factor for them. In a healthy volunteer
study, sleep deprivation was found to cause the release of vari-
ous cytokines; IL-4 and IL-f, which increased in allergic diseas-
es, were related to increased rapid eye movement sleep laten-
cy.* In some studies, sleep time itself was not associated with
asthma, whereas missed sleep was indicated as a risk factor
for asthma by inducing anxiety. In a study using polysomnog-
raphy, children with asthma exhibited short sleep durations.

https://doi.org/10.3349/ym;.2017.58.5.1040
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Asthma has been associated with obesity in many studies."
One study found this association specifically in women,® and
another report found this association only in underweight in-
dividuals." In many reports, allergic rhinitis was not associat-
ed with obesity,'*!* and associations with atopic dermatitis
were not consistent."*'® In our present study, underweight was
negatively associated with atopic dermatitis, whereas obese
was positively related to atopic dermatitis. On the other hand,
the association between obesity and asthma was not statisti-
cally significant, and the relation between obesity and allergic
rhinitis was inconsistent.

The primary advantage of the present study was the large
sample population (53769 participants), which enabled us to
evaluate a representative population to ensure external validity.
Moreover, we analyzed various factors, such as physical activity,
sedentary time according to purpose, sleep time, and obesity,
as well as other confounding factors, such as region of residence,
income level, and smoking status. In the present study, we ex-
amined short sleep time in conjunction with possibly related
behaviors such as physical activity and sedentary time, and
formed that short sleep time was associated with all three dis-
eases after adjusting for obesity, whereas other study focused
on obstructive sleep apnea and asthma.*!

Despite these advantages, the present study had several lim-
itations. First, the study used a self-reported survey. Therefore,
physical activity, sedentary time, and sleep time were evaluated
based on self-reporting, while asthma, allergic rhinitis, and
atopic dermatitis history were determined by verbal evidence,
not by medical reports. This approach might have introduced
inaccuracies due to recall bias; however, this method made it
easier to inexpensively gather information from a large cohort.
Therefore, objective measurements of physical behavior using
an accelerometer would be desirable. Second, we measured
physical activity days, not daily physical activity time. In con-
trast, sitting and sleep times were surveyed as daily times.
Therefore, we could not sum the daily activity. Additionally, we
did not measure moderate or vigorous physical activity sepa-
rately. Third, the study is subject to the same limitations of all
cross-sectional studies, including possible reverse causality;
therefore, our calculated ORs should be interpreted with cau-
tion. Fourth, ~25% of participants were excluded due to incom-
plete questionnaire, which could act as the bias in this study.
In conclusion, high physical activity, and short sleep time were
associated with asthma, allergic rhinitis, and atopic dermatitis.
However, the associations between obesity and these allergic
diseases were inconsistent after adjusting for other factors.
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