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Asthma has been recognized for thousands of yeaksia, and is even described in the ancient
Chinese medical literaturkluangdi Neijing. Asthma is now one of the most common chronic
disorders in Asian adults and children. Epidemialafstudies have documented the rapidly
increasing prevalence of asthma and atopic comditituring the past two decades in Asia, in
parallel with increased urbanizatibiowever, the epidemic of asthma in Asia may hateyst
peaked. This review will discuss the changing tseindasthma with a focus on epidemiology,

the environment risk facotrs, and asthma contadlistin Asia.

EPIDEMIOLOGY OF ASTHMA IN ASIA

The epidemiology of asthma in Asian children hasnbatensively studied using the
International Study of Asthma and Allergies in @hibod (ISAAC) survey instrumenhtAs
reported in the ISAAC Phase | results, the prevadeast asthma in the Asia-Pacific region was
generally lower than that documented in Americag@ia, or Western Europédowever,
marked variation in asthma prevalence was evidaoing various Asian cities and countries.
Not surprisingly, asthma was more common in deadapties and countries such as Hong
Kong, Japan, and Singapore. Furthermore, strikifigrdnces in prevalence were evident among
populations with similar genetic backgrounds livinglifferent environments. For example, the
prevalence of current wheezing among children d@etl4 years old was remarkably higher in
Hong Kong (12.4%) than in mainland Chinese citigshsas Beijing (5.1%) or Shanghai (3.3%).
These observations were supported by subsequemtysusf Chinese children (Online

Repository Table E1). Such lines of evidence ingi¢hat the urban environment had a major
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influence on the changing trend of asthma. Furtlbeenthe burden of asthma is expected to

increase further, as urbanization is ongoing inyr@her less developed regions of Asia.

In adults, there is no reliable data collectedtaypdardized methodology to document the
asthma prevalence in Asia for international congmari Single-country studies have found that
the asthma prevalence is generally less than 5908t Asian countries, which is considerably
lower than in Europe, Oceania or Americaimilar to what was found in children, adult asthm
is generally more prevalent in developed Asian tdesmthan in developing oné#lthough an
association between urbanization and asthma presails likely, the data are less conclusive for
adults than for children. Adult asthma is rathetdr@genous and it is difficult to determine the
extent of lifetime cumulative exposure to an urkbarmironment. Due to the lack of longitudinal
surveys using standardized protocols, it remaiffedit to determine if there is a true changing

trend of asthma prevalence in Asian adults.

ENVIRONMENTAL RISK FACTORS

Other environmental factors may also be importamxplaining the changing epidemiology of
asthma in Asia. The first is the dramatic disapaeee of the rural environment. According to
recent data from World Urbanization Projects oftheted Nations, the proportion of rural
residents remains high but is rapidly decreasinfysia (Fig. 1A). Exposure to a rural
environment has been consistently shown to be gtieéeagainst asthma developm@r.
comparative study of urban and rural areas in Bgijevealed a 4-fold difference in the
prevalence of asthma among schoolchildrafthough exposure to large farm animals,

consumption of farm milk, and related microbial egpre are major factors associated with
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asthma protection in central Europe, residenceaiagricultural farming environment of

northern China is also associated with protectigairest asthma.

Second, air pollution remains an emerging problemmany Asian countries. The extent of air
pollution may not be directly related to the deypalent of asthma, as asthma prevalence was
relatively low in cities such as Chongging, Chinlaene outdoor air pollutant levels were very
high. However, exposure to ambient air pollutagta major risk factor for asthma exacerbation
in both Asian and western countrfeghe use of open fire cooking is quite common irau
areas in Asia. The global ISAAC Phase Il analysigaled that the use of open fire cooking
was associated with more severe symptoms of asthofdldren’ According to a recent report
by the World Health Organization, the annual meamcentration of particulate matter of
aerodynamic diameter less than gmd (PM2.5), a major indicator of outdoor air polautj
remains exceptionally high in many Asian regionsipared to other continents
(http://maps.who.int/airpollution) and the levefdfM2.5 are still rising (Fig. 1B). The reduction

of pollution retated to household burning of biomaad motor traffic should be prioritiz&d.

Third, high levels of cigarette smoking, particlydry males, remain problematic in many Asian
countries (http://www.who.int/gho/tobacco/use/efiigarette smoke status correlates with the
prevalence of current asthma and bronchial hypsgemsiveness in older aduft§.n older
asthmatics, the extent of cigarette smoke expasaseinfluence the asthma phenotypes. They

may develop fixed airway obstruction or an exacgobaprone phenotyp¥.

ASTHMA HETEROGENEITY IN ASIANS
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Asthma is a syndrome characterized by differenhphges and endotypes. This heterogeneity
needs to be taken into consideration when seekbejtar understanding of the changing
epidemiology. However, phenotypes of Asian asthesatmain largely unexplored. Despite
recent reports from cluster analyses, direct coispalis not possible between western and

Asian patients, due to the lack of standardizedogs.

The majority of Asian children with asthma belonghe atopic asthma phenotype. Atopic status
has been assessed in very few community-basedastatiAsian adults, but non-atopic asthma

has been found to be the predominant type amorey aftlilts’

One notable finding in Asian adults is that asthprevalence increases with age; this has been
termed as the “second peak” in asthma prevaléfités age-related pattern has been
documented in many areas, including BangladesmaCimndia, Japan, Korea, Mongolia, Taiwan
and Vietnam (Online Repository Table E2). This giteanon remains poorly understood, but
their asthma was frequently associated with smoliger risk factors include the female sex,
urban residence, low socio-economic status, expdsunccupational irritants, obesity, rhinitis, a
family history of asthma, or IgE sensitization mnrconventional allergens such as
staphylococcal enterotoxins (Online Repositoryngitudinal studies using standardized

protocols are required to determine the exact calasehis “second peak” in Asian adults.

CONTROL OF ASTHMA IN ASIA

In terms of asthma control, Asia is rather poor whempared to other regions. In the Asthma
Insight and Management survey conducted in 20 c@msirom 5 different global regions during

2009-2011'° the proportion of patients who achieved complstaraa control as defined by



107  international criteria was only 2% in the Asia-Ri@aiegion, thus much lower than the figures
108 for the United States (29%) or Europe/Canada (18%@ddition, the rate of daily use of

109  controller medications such as inhaled corticostien@s much lower in Asia (32%) compared to
110 the United States (80%). Thus, sub-optimal usenofroller treatment, reliance on quick-relief
111 medication and oral steroids are major problen®sia (Online Repository). Different belief,

112 poor knowledge, and/or the attitudes of patientsians toward asthma, all contribute to the
113 suboptimal care of asthma patiehtShus, targeted intervention and education speffic

114  different populations are needed to improve thdrobof asthmatics across Asia.
115
116 CONCLUSIONS

117  With rapid urbanization over the past decadesnasthas become one of the most common

118  chronic disorders. However, despite recent progressar understanding of the condition and

119  improvement of management tools, we still face mef@llenges including the progressive loss
120  of rural environments, uncontrolled air pollutidrigh prevalence of cigarette smoking, and poor
121 asthma control (Fig. 2). These factors contribatthé increasing burden and morbidity related
122  to asthma in Asia, and are triggering a second wéasthma epidemics in Asian countries. In
123 addition, factors underlying asthma heterogeneity poor asthma control remain underexplored.
124  Thus, further studies are urgently needed to deterthe unique risk factors for asthma

125 development and to develop appropriate intervestiorcontrol this emerging epidemic of

126  asthma in Asia.
127

128
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FigureLegend
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Figure 1. (A) Historical trendsin theratio of rural per total population in different
continents. United Nations, Department of Economic and So&fdirs, Population Division
(2014). World Urbanization Prospects: The 2014 Rewi, custom data acquired via website

(https://esa.un.org/unpd/wup/DataQuery/).



137

138

139

140

141

142

Exposure to PM2.5 in countries
70

60 — /\—/\( /
50 /v\/\

40
30
20
A — _—
" \,\=§ -l —
0
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2015
== Bangladesh == China Finland India
= |apan =—Korea =—=Thailand United Kingdom

= Jnited States = ==\/iet Nam

(B) M ean population exposureto particulate matter 2.5 (PM2.5) in Asian and western
countries. Based on data from OECD (1998-2015), “ExposureM@ B in countries and

regions”, http://stats.oecd.org (accessed on 1128&p 01:57).



143 Figure2. Increasing burden of asthma and related environmental risk factorsin Asia.
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Literature search

To review recent trends of asthma epidemiology sireAwe searched Pubmed from January
1997 to August 2017 using the terms “asthma” (asvierd and Mesh term) AND
(“prevalence”, “incidence” OR “epidemiology”) ANDtler of country name or “Asia”. We also

searched Google database to obtain recent datia pollation, smoking, and degree of

urbanization by region and country.

Urban-rural differencein asthma prevalence among Asian children

The associations between asthma prevalence amgmnesi areas were examined in several
surveys of Asian children populations (Table El)elo difference in study design and
protocols, it is difficult to compare the prevalerdirectly. However, within each study, the
prevalence of asthma or wheezing was mostly highehildren living in urban areas than those
in rural areas. If genetic background is assumdaktsimilar within-study, the difference would
strongly indicate the roles of environment. In sfhedy comparing three South-East Asian
populations, asthma prevalence was about six tirigger in Hong Kong than in San BTwo
areas are 200 km apart and have similar climatehd a considerable difference in
urbanization in the survey year of 1992. In thelgtcomparing three cities in China,
environmental factors such as cooking with gasnfpdlows and damp housing were
significantly associated with wheezifdarly-life period is likely to be a critical windoof

period for urban effects on asthma. In a crossamatstudy in Shanxi, China, children who had
grown up in urban environment had significantly masthma than those grown up in rural

environment In the analysis of the ISAAC phase 3 survey, Cégrienmigrants to Vancouver
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had higher prevalence of wheezing than native em¢gdin mainland China, but less prevalence
than Canadian-born Chinese, suggesting the impmetahtiming and duration of environmental
exposuré. Data from the European Community Respiratory He@tirvey Il revealed that early
life exposure to a farm environment might be asgedi with long-lasting effects in terms of
reducing the risk of atopic asthma even into adwiti? Early exposure to rural environments

may explain the lower prevalence of asthma (< 5%#sian adultS.

Protective factors against asthma and allergies fkgian rural environments may be postulated
but the exact underlying mechanisms remain to beiagated. Exposure to large farm animals,
consumption of farm milk, and the related microleaposure have been suggested to be the
protective factors in Europ€.In a comparative study of urban and rural Beijiig, prevalence
of asthma in rural children was clearly lower th@mirban children, but it was not significantly
different between rural children who were exposelivestock farms and those exposed to
agricultural farms, suggesting protective factoragricultural environment$.In another study

in southeast China, early life exposure to cromfag and high environmental endotoxin levels
were inversely related to asthialhese findings warrant further investigation fosgible

protective factors against asthma from Asian adjucal farms.

Meanwhile, the urban-rural difference was not cstesitly observed in Korean childr&°In

the study by Kim, the prevalence of asthma, as oreddy symptom questionnaires and airway
hyper-responsiveness to methacholine, was highaetnopolitan Seoul than in a rural part of
Chungju, but the difference was not statisticaliyniicant (5.2% vs. 4.1%Y In the ISAAC

phase | survey, the prevalence of recent wheeKeliea was higher than mainland China but

lower than in Hong Kond? Factors underlying such regional discrepancy bansrural
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relationships warrant further investigation. Somejue local allergens like citrus red mite,
which was identified from citrus farms in Chejuaistl, may underlie high prevalence of allergic

asthma in such particular aréds.

Age-reated increasein asthma prevalence among Asian adults

We summarized recent reports on age-specific asgnevalence among Asian adults in Table
E2. Despite the narrative nature of this review arathodological heterogeneity between studies,
the age-related increase in current asthma wasuareat finding' 2 However, all were cross-
sectional analyses, thus they cannot confirm whelhieeage-related pattern reflects cohort
effects or indicates the increasing prevalencatefbnset adult asthma. Longitudinal studies
using standardized protocols are warranted to oh&terwhether there is a true increase in

asthma in older adults.

Among the possible putative risk factors revealggtidies in Asian adults, smoking history
was most frequently reportét’® #?*Thus, the validity of asthma definition may be sfiened,
and a confounding effect from smoking-related clvadstructive pulmonary disease may be
present. However, such age-related increase imaspinevalence was consistently observed in
some studies where the diagnosis of asthma was uséuig objective measuremefts? %
Occupational or environmental exposure to irridudgt or fumes was also reported in a few
studie$* ?® Obesity is a well-known risk factor for adult-eagsthma in western populatidhs
but obesity is rather uncommon in most Asian comitres In East Asians, obesity is less

prevalent (less than 5%) and mean body mass irgX) (s less than 25 kg/fit> **However,



81 the increase of asthma has been reported to sl threshold of 23 kg/frin Japanese

82 women, which is lower than those reported from amspopulationd? *

83 Presence of atopy was objectively assessed in éaergl adult population studies in Asia, but
84  the associations of atopy with with asthma wereisistent* *> **As the prevalence of atopy
85  decreases with aging, it is less likely to contribio asthma in older aduftsBased on recent

86 findings, we speculate that IgE sensitization tn-nonventional allergens like Staphylococcus
87  aureus proteins and enterotoxins could be a ristorfdor adult-onset non-atopic asthiiz® >’
88  Staphylococcal enterotoxin-specific IgE sensit@ativas as prevalent as 30~60% in adult

89  patients with asthma, either in Europe or Asia, laad significant relationships with asthma

90 severity and type 2 airway inflammation irrespeetdf atopic statu®“°
91
92  Statusof asthma control in Asian countries

93  Poor control of asthma created major burdens ohé¢aéhcare systems in Asian, despite the
94  lower prevalence of asthma than in western coumnthiethe Asthma Insights and Reality (AIR)
95 surveys in 1998-2001, asthma control status amdofanti-inflammatory preventive medication
96 were similarly poor between different continetitslowever, in the Asthma Insight and

97 Management (AIM) surveys in 2009-2011, the outcomee particularly poor in Asia-Pacific
98  countries’? The proportion of well-controlled asthma was o, which was considerably

99  lower than those in the US (29%) or Europe/Cana686)** These findings from the AIR and

100 AIM surveys indicate no significant improvementire level of control over the last 10 years.

101 According to the AIM surveys, only 32% of patiemdhe Asia-Pacific region reported daily use

102  of inhaler medication as controller in previous deks, which was much lower than 80% and 52%
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in the US and Europe-Canada respectiVeMeanwhile, about 80% of participants in the Asia-
Pacific region took oral drugs as controftéihe reliance on pill over inhaler as controller
medication was particularly frequent in China, indnd Kore&® The rate of using oral steroids
as rescue medicine was also more frequently reppartthe Asia-Pacific region (50% vs. 35% in
the United StatesY The reasons underlying poor asthma control aniéeece over oral
therapies in Asia would be diverse, including Headte access, physician’s knowledge and
attitudes, or patient’s cultural barrier to inhateedicines. Further researches are needed to

develop targeted intervention and education sgetfeach population and healthcare setting.



Table E1. Comparison of recent asthma prevalence in young Asian children populationswith similar genetic background

but different resident areas

Study (First Ageand survey year Regions Asthma prevalence
author and
publication
year)
Leung 1997 Children aged 12-18 yr (n=2,208) irHong Kong, Kota Kinabalu in Wheeze or asthma ever
1992 Malaysia, and San Bu in southern - 11.6% in Hong Kong
China - 8.2% in Kota Kinabalu, Malaysia
- 1.9% in San Bu, China
Kim 19977 Children aged 7-19 yr (n=3,219) in Two cities in Korea Asthma (defined by recent asthma symptoms plusdhiah
1994-1995 - Seoul, urban hyper-responsiveness to methacholine)
- Chungju, rural - Seoul, urban: 5.2%
- Chungju, rural: 4.1%
Zhao 2008/ Children aged 6-7 yr (n=7,754) in | Two cities in China Wheezing in the past 12 months
1995-1996 - Beijing, urban - Beijing, urban: 6.0%
- Urumgi, rural - Urumgi, rural: 2.9%
Kim 20027 Children aged 7-18 yr (n=16,624) inPA metropolitan area, two non- Wheezing in the last 12 months

1999 metropolitan cities, and two rural

- Daegu, a metropolitan area: 10.3%



areas in Korea - Cheonan and Naju, non-metropolitan cities: 7.8%
- Daegu, a metropolitan - Eusung, arural area with apple farms: 7.9%
area - Cheju, a rural area with citrus farms: 10.4%
- Cheonan and Naju, non- “IgE sensitization to citrus red mite or two-spotted
metropolitan cities spider mite was suggested to underlie high
- Eusung, a rural area with prevalence of wheezing in this area.
apple farms

- Cheju, arural area with

citrus farms

Wong 2004 Children aged 10 yr (n=10,902) in Three cities in China Wheeze in the past year
1997-1998 - Hong Kong - Hong Kong: 5.8%
- Beijing - Beijing: 3.8%
- Guangzhou - Guangzhou: 3.4%

Norback 2007  Children and adolescents aged 9-2Qrban and rural areas in Shanxi, Ever asthma
yr (n=2,116) in 2000 China - Grown up in urban area: 3.4%
- Grown up in rural area: 0.5%
Wang 2008 Chinese adolescents aged 13-14 yrour cities in China and Canada = Current wheeze
(n=7,794), who participated in the - Guangzhou, China - Native Chinese, Guangzhou: 5.9% (boys), 4.3%

ISAAC phase 3 survey in 2001 - Beijing, China (qirls)



Ma 2009°

Li 2011%*

- Hong Kong, China

- Vancouver, Canada

Children aged 13-14 yr (n=7,077) inTwo areas (one urban and one

2003-2004 rural) in Beijing, China

Children aged 6-13 yr (n=23,791) irEight metropolitan cities in China
2005 - Harbin

- Shanghai

- Guangzhou

- Xi'an

- Wuhan

- Chengdu

- Hohhot

- Urumgqi

Native Chinese, Beijing: 7.4% (boys), 7.0% (qgirls)
Native Chinese, Hong Kong: 11.0% (boys), 7.2%
(girls)

Chinese immigrants, Vancouver: 8.0% (boys),
6.7% (qgirls)

Canadian-born Chinese, Vancouver: 11.2% (boys),

9.8% (qirls)

Current wheeze

Urban Chaoyang area: 7.2%

Rural Tongzhou area: 1.0%

Asthma (Has the child had asthma in the past 12 months?")

Harbin: 1.7%
Shanghai: 7.0%
Guangzhou: 3.0%
Xiran: 1.1%
Wuhan: 3.5%
Chengdu: 4.6%
Hohhot: 0.9%

Urumgi: 1.6%



10

Suh 201% Children aged 5-11 yr (n=30,893) inMetropolitan, provincial, rural and  Wheezing in the last 12 months
2006 industrial areas in Korea - Metropolitan area: 5.9%
- Provincial area: 5.9%
- Rural area: 6.0%

- Industrial area: 6.1%

Lee 201%° Children aged 9-12 yr (n=1,749) in Rural village, rural town, and urbanWheezing in the last 12 months by written questairen
2008 area in Korea - Urban area, Seoul: 3.7%
- Urban area in Seoul - Rural town, Jeongeup: 5.3%
- Rural town in Jeongeup - Rural village, Jeongeup: 4.2%

- Rural village in Jeongeup
Wheezing symptoms ever by video questionnaire
- Urban area, Seoul: 9.2%
- Rural town, Jeongeup: 7.5%
- Rural village, Jeongeup: 6.0%
Li 2013* Children aged 0-14 yr (n=12,082) inJrban, suburban and rural areas inProspective diagnosis of asthma by physicians
2010 Chengdu, China - Urban: 4.0%
- Suburban: 2.4%
- Rural: 2.4%

Yang 2015’ Children aged 7-12 yr (n=10,681) in Two areas in@ Doctor-diagnosed asthma



Zhu 20158

Feng 2018

2009 - Guangzhou, urban
- Shaoguan, rural
Children aged 14 yr and younger Urban and rural areas in Beijing,

(n=13,513) in 2010-2011 China

Children aged 13-14 yr (n=7,164) inTwo areas in Guangdong, China
2012 - Guangzhou, urban

- Conghua, rural

Guangzhou, urban: 6.6%

Shaoguan, rural: 2.5%

Asthma diagnosis by physician

Urban: 3.7%

Rural: 1.3%

Physician-diagnosed asthma

Guangzhou, urban: 6.9%

Conghua, rural: 3.4%

Current wheeze

Guangzhou, urban: 6.1%

Conghua, rural: 1.5%

11

ISAAC, International Study of Asthma and AllergiasChildhood



Table E2. Summary of reportson age-related increasein prevalence of asthma among Asian adults

Study (First author

and publication year)

Chan-Yeung 2002

Hassan 2003

Kim 2002

Tanihara 2007

Survey area and Population and Asthma definition

period survey

characteristics

Rural Beijing areas in | n=22,561>15 yrs Asthma attack: "Have = 15-19 yr

China, 1996-1997 Random selection of you had an attack of 20-29 yr

residents in the rural asthmain the last 12  30-39 yr

Beijing areas months? 40-49 yr

50-59 yr

Age-specific prevalence

£ 0.1% (0.0-0.3)
£ 0.3% (0.2-0.5)
£ 0.7% (0.5-0.8)
- 1.5% (1.3-1.7)

£ 2.9% (2.6-3.4)

>60 yr: 5.9% (5.5-6.3)

Bangladesh, 1999 n=5,642 yr Asthma: wheeze in the 5-14 yr:

(mainly 15-44 yr) last 12 months 15-44 yr

Random selection
Four cities/areas (urban n=2,467 >20 yrs
and rural) in Korea,

Random sample from wheezing (in the last 12 40-54 yr

2000 the health service months) and bronchial 55-64 yr

7.3%

:5.3%

>45 yr: 11.0%

Current asthma: current <39 yr: 2.0%

1 3.8%

2 7.7%

hyper-responsiveness to>65 yr: 12.7%

methacholine

Japan, 1984-1996 Patient Survey and Asthma: riecgiv

Data in 1996;

12

Putativerisk factors

for asthma (based on

thereports)
Female sex
Smoking habit

Older age

Older age

Smoking history

Older age
Baseline FEV1

Female sex

Cigarette smoking

Atopy

NR



Mishra 2003°

Jan 200%

India, 1998-1999

Taipei, Taiwan, 1999

Vital Statistics of

Japan, 1984-1996

n=38,59560 yrs
Multistage cluster

sample, National

Family Health Survey

2

n=2,07818 yr

Single-stage cluster

sampling

medical treatment for  0-9 yr: 3520/100,000

asthma 10-24 yr: 846/100,000
25-44 yr: 430/100,000
45-64 yr: 598/100,000
65-74 yr: 1389/100,000
>75 yr: 1595/100,000
Asthma: “Does anyone 60-64 yr: 8.5% Cooking smoke
listed (in the household) 65-69 yr: 10.2% Tobacco smoke

suffer from asthma?”  70-74 yr: 12.4% Older age

>75yr: 12.4%
Maternal asthma

Definite or probable 18-49 yr: 5.2%

asthma: Either of (1) >50 yr: 10.7% Allergic rhinitis

asthma diagnosed by Older age
physician or (2) “yes” to Smoking
at least one of following

guestions “Does your

chest sound wheezy or

whistling when you

13



Aggarwal 2006°

Dejsomritrutai 2006

Chandigarh, Delhi,

n=73,6052>15 yr

Kanpur and Bangalore  Random selection

in India, early 2000s?

Thailand in 2000

N=3,454, 20-44 yr

14

have a cold?” or “Does

your chest sound

wheezy or whistling

occasionally apart from

when you have a cold?”

Asthma: Both positive = Data reported in odds ratioFemale sex
responses to (1) 15-24 yr: 1.00 Older age
wheezing or whistling ' 25-34 yr: 1.62 (1.29-2.03) Urban residence
sound from chest, or 35-44 yr: 2.82 (2.27-3.50) Low socio-economic
chest tightness or 45-54 yr: 4.84 (3.92-5.97) status
breathlessness in 55-64 yr: 7.50 (6.04-9.33) Atopic conditions

morning, and (2) having 65-74 yr: 11.33 (9.04- Family history of

suffered from asthma, = 14.20) asthma
or having an attack of = >75 yr: 13.47 (10.25- Smoking habit
asthma in past 12 17.71)

months, or using
inhaled or oral
bronchodilators

Definite asthmigher 20-24 yr: 1.20 (0.37-2.02) NR



Sy 2007°

Multistage
stratified random

sample

Dalat, Vietham, 2004 n=9,984, mosty5

yr

Random selection

of (1) reversible airway 25-29 yr: 2.45 (1.22-3.69)
obstruction by 30-34 yr: 3.46 (2.07-4.85)
spirometry or (2) any | 35-39 yr: 3.65 (2.21-5.09)
symptoms compatible = 40-44 yr: 3.92 (2.32-3.49)
with asthma within the

last 12 months in

addition to bronchial

hyper-responsiveness

Asthma or asthma-like = 5-14 yr: 3.4%

symptoms: “Have you = 15-24 yr: 0.7%

been diagnosed as 25-34 yr: 0.9%

asthma by a physician?”35-44 yr: 1.2%

or any of (1) “Have you 45-54 yr: 2.1%

heard wheezing in your 55-64 yr: 5.0%

chest at any time in the 65-74 yr: 7.7%

last 12 months?”, (2) @ >75yr: 11.8%

“Have you felt as

if you were suffocating

while reclining during

NR

15



Fukutomi 2018

Parasuramalu 2010

Japan, 2006-2007

Bangalore, India, 2008

n=23,483, 20-79 yr

n=3,19418 yr
Random cluster

sample

the day at any time in
the last 12 months?”, (3)
“Have you been
awakened by an attack
of breathlessness at any
time in the last 12
months?”

Current asttiiave  20-29 yr: 5.1%
you ever had asthma?” 30-39 yr: 5.4%
followed by “Was this = 40-49 yr: 2.7%
confirmed by a doctor?” 50-59 yr: 3.5%
and “Having at least one>60 yr: 4.8%
asthma-related
symptom in the last 12
months?”

Asthma: both positive = 18-29 yr: 0.7%
responses to (1) 30-49 yr: 2.2%
whistling sound from 50-64 yr: 8.6%

chest, or chest tightness>65 yr: 13.6%

NR

Tobacco smoking

16



Jindal 201%

Agrawal 2015°

India, 2007-2009

India, 2005-2006

n=169,57515 yr
The Indian Study on
Epidemiology of
Asthma, Respiratory
Symptoms and

Chronic Bronchitis

n=157,186, 20-49 yr

or breathlessness in the
morning, and (2) having
suffered from asthma,
or having an attack of
asthma in the past 12
months, or using

bronchodilators

17

Asthma: at least one of Data reported in odds ratioUsual urban residence

the two questions on

wheezing and tightness 45-54 yr: 1.86 (1.66-2.09)

of the chest, plus one of 55-64 yr: 2.85 (2.53-3.20)

35-44 yr: 1.00

the three questions on  >65 yr: 5.29 (4.72-5.92)

history of previous

diagnosis of asthma, an

attack of asthma and use

of medication for
asthma, in the past 12
months

Asthma: “boy

20-29 yr: 1.1% (1.0-1.2)

Older age
Asthma in family
Cigarette smoker
Bidi smoker
Environmental
tobacco smoke
exposure
Cooking with

coal/wood

Female sex



Bartlett 2013’

Kim 2013*

Bangladesh, 2009

Korea, 2006-2010

National Family

Health Survey 3

n=32,66%5 yr

>15 yr, total adult
population included
in the National
Health Insurance

claim database

currently have asthma?”

18

30-39 yr: 2.0% (1.8-2.2) Daily/weekly

40-49 yr: 3.1% (2.8-3.8)

Asthma: “Have you had 25-34 yr: 2.3%

ever been diagnosed

with asthma?”

Asthma: Both of (1)

diagnosed with asthma

according to the 10th
Revision of the
International

Classification of

35-44 yr:2.9%

45-54 yr: 4.1%

55-64 yr: 6.3%

>65 yr: 9.5%

Data in 2010;

18-29 yr: 3,344/100,000
30-39 yr: 4,087/100,000
40-49 yr: 4,582/100,000
50-59 yr: 5,821/100,000

60-69 yr: 9,288/100,000

consumption of
chicken/meat
BMI<16 kg/nf or >30
kg/m?

Current tobacco
smoking

Ever use of alcohol
Older age

Smoking history
Insufficient physical

activity

NR



Kim 2013?

Wang 201%°

Korea, 1998 and 2008

Jinan, China, 2009

Diseases, and (2) 70-79 yr: 12,446/100,000
prescribed at least one >80 yr: 12,848/100,000
asthma-related

medication or asthma-

related test throughout

the entire study period

n=7,146 in 1998, anBhysician-diagnosed  Data in 2008;

n=4,980 in 2008, 20— asthma: “Have you ever 20-29 yr: 1.7%

59 yr
The Korean National
Health and Nutrition
Examination
Surveys

n=13,419, all ages

Random sample

been diagnosed with 30-39 yr: 1.6%
asthma by a doctor?” = 40-49 yr: 1.9%

50-59 yr: 3.7%

Asthma: Both positive = 0-14 yr: 0.7%
responses to (1) “Have 15-24 yr: 0.1%
you ever been 25-45 yr: 0.3%
diagnosed with asthma 46-60 yr: 0.7%
by a physician?” and/or >60 yr: 1.3%

“Have you ever had

19

Allergic rhinitis

Rural residence

Atopy

Household size@
persons)

Older age

Asthma family history



Wu 2013*

Song 201#

China, 2010

Changwon and
Sancheong in Korea,

2007

n=13,15250 yr
The Study on Global
AGEing and adult
health, China Wave 1
n=1,0802>30 yr,
Recruitment of

community residents

asthma?”; and (2) “In

the past, at any time,

have you experienced

recurrent (more than

three times) sudden

attacks of at least one of

the following

symptoms: whistling in

the chest or paroxysmal

dyspnea, wheezing,

chest tightness or

cough?”

Asthma: “Have you 50-59 yr: 1.1% (0.8-1.5)
ever been diagnosed  60-69 yr: 2.2% (1.8-2.8)
with asthma by a health 70-79 yr: 3.5% (2.7-4.5)
care professional?” >80 yr: 3.0% (2.0-4.5)
Current asthma: current 31-40 yr: 0.0%

wheeze (inthe last 12 = 41-50 yr: 1.3%

months) and 51-60 yr: 4.8%

Older age
Urban residence

Low income

Older age
BMI>27.5 kg/nf

Alcohol status

20



Sonomjamts 2014

Fu 20168

Ulaanbaatar, Mongolia, n=1,201>20 yr

2009

Seven major cities in

China, 2012

Recruitment from

family clinics

n=9,974>15 yr
Random sampling of

households

methacholine airway

hyperresponsiveness

Doctor diagnosed

asthma: “Have you ever 30-39 yr

been diagnosed to have 40-49 yr

asthma?”

61-70 yr: 6.4%

>70 yr: 9.6%

1 2.0%

1 4.8%

1 4.0%

1 8.3%

:11.0%

>70: 13.0%

21

Less atopy
Rhinitis

IgE sensitization to
staphylococcal
enterotoxins

NR

Lifetime asthma: “Have Data reported in odds ratioSmoking history

you ever been told by a 15-34 yr: Reference

physician or other
health professional that

you have asthma?”

>60 yr: 3.04 (2.13-4.34)

Clearance-related job
Using coal for
cooking

Occupational
exposure to industrial
or occupational

poisonous gas



NR, not reported; FEV1, forced expiratory volumelinecond; BMI, body mass index

Large amount of
carpet in the

workplace

22



23

Reference

1.

10.

Leung R, Ho P, Lam CK, Lai CW. Sensitizationrtbaled allergens as a risk factor for
asthma and allergic diseases in Chinese populatiditergy Clin Immunol 1997;
99:594-9.

Wong GW, Ko FW, Hui DS, Fok TF, Carr D, von MigiE, et al. Factors associated
with difference in prevalence of asthma in childfiemm three cities in China: multicentre
epidemiological survey. BMJ 2004; 329:486.

Norback D, Zhao Z-H, Wang Z-H, Wieslander G,Y4H, Zhang Z. Asthma, eczema,
and reports on pollen and cat allergy among pupihanxi province, China. Int Arch
Occup Environ Health 2007; 80:207-16.

Wang H-Y, Wong GW, Chen Y-Z, Ferguson AC, Grede Ma Y, et al. Prevalence of
asthma among Chinese adolescents living in CanadiamaChina. CMAJ 2008;
179:1133-42.

Campbell B, Raherison C, Lodge C, Lowe A, Gisita$, Heinrich J, et al. The effects of
growing up on a farm on adult lung function aneiaic phenotypes: an international
population-based study. Thorax 2017; 72:236-44.

Song WJ, Kang MG, Chang YS, Cho SH. Epidemiolofggdult asthma in Asia: toward
a better understanding. Asia Pac Allergy 2014; /%5

Von Ehrenstein O, Von Mutius E, llli S, BaumdnrBohm O, Von Kries R. Reduced
risk of hay fever and asthma among children of &aenClin Exp Allergy 2000; 30:187-
93.

Riedler J, Braun-Fahrlander C, Eder W, Schr&yeVaser M, Maisch S, et al. Exposure
to farming in early life and development of asthana allergy: a cross-sectional survey.
Lancet 2001; 358:1129-33.

Perkin MR, Strachan DP. Which aspects of thenifag lifestyle explain the inverse
association with childhood allergy? J Allergy Clinmunol 2006; 117:1374-81.

MaY, Zhao J, Han Z, Chen Y, Leung TF, Wong GX&ty low prevalence of asthma
and allergies in schoolchildren from rural Beijif@hina. Pediatr Pulmonol 2009;
44:793-9.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

24

Feng M, Yang Z, Pan L, Lai X, Xian M, HuangeX,al. Associations of early life
exposures and environmental factors with asthmangrohildren in rural and urban areas
of Guangdong, China. Chest 2016; 149:1030-41.

Kim Y, Cho S, Kim W, Park J, Song S, Kim Y aktPrevalence of childhood asthma
based on questionnaires and methacholine bronataabcation test in Korea. Clin Exp
Allergy 1997; 27:761-8.

Kim YK, Chang YS, Lee MH, Hong SC, Bae JM, ¥¢¢ et al. Role of environmental
exposure to spider mites in the sensitization aectinical manifestation of asthma and
rhinitis in children and adolescents living in fuaad urban areas. Clin Exp Allergy
2002; 32:1305-9.

Lee SY, Kwon JW, Seo JH, Song YH, Kim BJ, YetJl. Prevalence of atopy and
allergic diseases in Korean children: associatwitis a farming environment and rural
lifestyle. Int Arch Allergy Immunol 2012; 158:16847

Suh M, Kim H-H, Sohn MH, Kim K-E, Kim C, Shin@ Prevalence of allergic diseases
among Korean school-age children: a nationwidesesestional questionnaire study. J
Korean Med Sci 2011; 26:332-8.

Worldwide variations in the prevalence of asalsymptoms: the International Study of
Asthma and Allergies in Childhood (ISAAC). Eur Resp1998; 12:315-35.
Chan-Yeung M, Zhang L, Tu D, Li B, He G, Kaupgn R, et al. The prevalence of
asthma and asthma-like symptoms among adults &h Beijing, China. Eur Respir J
2002; 19:853-8.

Hassan MR, Kabir AL, Mahmud AM, Rahman F, Hos$848A, Bennoor KS, et al. Self-
reported asthma symptoms in children and adulBaofladesh: findings of the National
Asthma Prevalence Study. Int J Epidemiol 2002; 33-8.

Aggarwal A, Chaudhry K, Chhabra S, D Souza (ht& D, Jindal S, et al. Prevalence
and risk factors for bronchial asthma in Indianledwa multicentre study. Indian J Chest
Dis Allied Sci 2006; 48:13.

Fukutomi Y, Nakamura H, Kobayashi F, TanigudhiKonno S, Nishimura M, et al.
Nationwide cross-sectional population-based studthe prevalences of asthma and

asthma symptoms among Japanese adults. Int Arehg&llmmunol 2010; 153:280-7.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

25

Parasuramalu B, Huliraj N, Rudraprasad B, KugRrMasthi NR. Prevalence of
bronchial asthma and its association with smokialgits among adult population in rural
area. Indian J Public Health 2010; 54:165.

Jindal S, Aggarwal A, Gupta D, Agarwal R, KurRarKaur T, et al. Indian study on
epidemiology of asthma, respiratory symptoms andrgh bronchitis in adults
(INSEARCH). Int J Tuberc Lung Dis 2012; 16:1270-7.

Agrawal S, Pearce N, Ebrahim S. Prevalenceiakdactors for self-reported asthma in
an adult Indian population: a cross-sectional syrireg J Tuberc Lung Dis 2013; 17:275-
82.

Kim YK, Kim SH, Tak YJ, Jee YK, Lee BJ, Park H@! al. High prevalence of current
asthma and active smoking effect among the eld€tig. Exp Allergy 2002; 32:1706-12.
Mishra V. Effect of indoor air pollution fromdmass combustion on prevalence of
asthma in the elderly. Environ Health Perspect 2003:71.

Jan I, Chou W-H, Wang J-D, Kuo S-H. Prevalesfcand major risk factors for adult
bronchial asthma in Taipei City. J Formos Med As20@4; 103:259-63.

Bartlett E, Parr J, Lindeboom W, Khanam MA, Kioeoos TP. Sources and prevalence
of self-reported asthma diagnoses in adults inrugvad rural settings of Bangladesh.
Glob Public Health 2013; 8:79-89.

Fu Q-L, Du Y, Xu G, Zhang H, Cheng L, Wang Yetlal. Prevalence and Occupational
and Environmental Risk Factors of Self-ReportechAst: Evidence from a Cross-
Sectional Survey in Seven Chinese Cities. Int JénwRes Public Health 2016; 13:1084.
Dejsomritrutai W, Nana A, Chierakul N, Tscheaiku), Sompradeekul S,
Ruttanaumpawan P, et al. Prevalence of bronchaingsponsiveness and asthma in the
adult population in Thailand. Chest 2006; 129:602-9

Song WJ, Chang YS, Lim MK, Yun EH, Kim SH, KarR, et al. Staphylococcal
enterotoxin sensitization in a communityased population: a potential role in adult
onset asthma. Clin Exp Allergy 2014; 44:553-62.

Beuther DA, Sutherland ER. Overweight, obesityd incident asthma: a meta-analysis
of prospective epidemiologic studies. American j@liof respiratory and critical care
medicine 2007; 175:661-6.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

26

Fukutomi Y, Taniguchi M, Nakamura H, Konno SsiNmura M, Kawagishi Y, et al.
Association between body mass index and asthma@dapanese adults: risk within the
normal weight range. Int Arch Allergy Immunol 201157:281-7.

Song W-J, Kim S-H, Lim S, Park Y-J, Kim M-H,&&-M, et al. Association between
obesity and asthma in the elderly population: pdéroles of abdominal subcutaneous
adiposity and sarcopenia. Annals of Allergy, Asthiénemmunology 2012; 109:243-8.
Arif AA, Delclos G, Lee E, Tortolero S, WhitedeeL. Prevalence and risk factors of
asthma and wheezing among US adults: an analysie MdHANES III data. Eur Respir
J 2003; 21:827-33.

Jarvis D, Chinn S, Potts J, Burney P. Assamiatif body mass index with respiratory
symptoms and atopy: results from the European CamtgnRespiratory Health Survey.
Clin Exp Allergy 2002; 32:831-7.

Tomassen P, Jarvis D, Newson R, Van Ree Rb&a 8, Howarth P, et al.
Staphylococcus aureus enterotoxgpecific IgE is associated with asthma in the ganer
population: a GA2LEN study. Allergy 2013; 68:1288-9

Stentzel S, Teufelberger A, Nordengrin M, KalatSchmidt F, van Crombruggen K, et
al. Staphylococcal serine protease—like proteiagpacemakers of allergic airway
reactions to Staphylococcus aureus. J Allergy @imunol 2017; 139:492-500. e8.
Bachert C, Van Steen K, Zhang N, Holtappel€&taert T, Maus B, et al. Specific IgE
against Staphylococcus aureus enterotoxins: apémtkent risk factor for asthma. J
Allergy Clin Immunol 2012; 130:376-81. e8.

Song WJ, Sintobin |, Sohn KH, Kang MG, Park HK,EJ, et al. Staphylococcal
enterotoxin IgE sensitization in late-onset sew&rg@nophilic asthma in the elderly. Clin
Exp Allergy 2016; 46:411-21.

Matsumoto H, Kanemitsu Y, Nagasaki T, Tohd&lwriguchi T, Kita H, et al.
Staphylococcus aureus enterotoxin sensitizatioolament and its association with the
CysLTR1 variant in different asthma phenotypes. #smf Allergy, Asthma &
Immunology 2017; 118:197-203.

Rabe KF, Adachi M, Lai CK, Soriano JB, Vermdw&, Weiss KB, et al. Worldwide
severity and control of asthma in children and eddihe global asthma insights and

reality surveys. Journal of Allergy and Clinicalrmnology 2004; 114:40-7.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

27

Nathan RA, Thompson PJ, Price D, Fabbri LMyiS8) Gonzalez-Diaz S, et al. Taking
aim at asthma around the world: global resulthiefAsthma Insight and Management
Survey in the Asia-Pacific region, Latin AmericairBpe, Canada, and the United States.
J Allergy Clin Immunol Pract 2015; 3:734-42. e5.

Thompson PJ, Salvi S, Lin J, Cho YJ, Eng P,uAbtanap R, et al. Insights, attitudes
and perceptions about asthma and its treatmerdiriga from a multinational survey of
patients from 8 AsiaPacific countries and Hong Kong. Respirology 2018 957-67.
Zhao T, Wang A, Chen Y, Xiao M, Duo L, Liu G,a. Prevalence of childhood asthma,
allergic rhinitis and eczema in Urumgi and BeijidgPaediatr Child Health 2000; 36:128-
33.

Li F, Zhou Y, Li S, Jiang F, Jin X, Yan C, &tRrevalence and risk factors of childhood
allergic diseases in eight metropolitan cities mr@: a multicenter study. BMC public
health 2011; 11:437.

Li M, Zhang Q, Shi W-J, Li L, Li Y, Pang Y, at Epidemiological survey and analysis
of asthma in children aged 0-14 years old in urdnashrural areas of Chengdu region.
Trans| Pediatr 2013; 2:160-6.

Yang Z, Zheng W, Yung E, Zhong N, Wong GW, LiFgequency of food group
consumption and risk of allergic disease and seasitin in schoolchildren in urban and
rural China. Clin Exp Allergy 2015; 45:1823-32.

Zhu WJ, Ma HX, Cui HY, Lu X, Shao MJ, Li S,at Prevalence and Treatment of
Children's Asthma in Rural Areas Compared with WrBaeas in Beijing. Chin Med J
(Engl) 2015; 128:2273-7.

Tanihara S, Nakamura Y, Oki I, Ojima T, Yanagaiv Trends in asthma morbidity and
mortality in Japan between 1984 and 1996. J Epiole2d02; 12:217-22.

Sy D, Thanh Binh M, Quoc N, Hung N, Quynh NhuEao N, et al. Prevalence of
asthma and asthma-like symptoms in Dalat Highlavigtnam. Singapore Med J 2007,
48:294.

Kim S, Kim J, Kim K, Kim Y, Park Y, Baek S, at Healthcare use and prescription
patterns associated with adult asthma in Koredysiseof the NHI claims database.
Allergy 2013; 68:1435-42.



52.

53.

54.

55.

28

Kim SY, Jung JY, Park MS, Kang YA, Kim EY, Ki8K, et al. Increased prevalence of
self-reported asthma among Korean adults: an asayKNHANES | and IV data.
Lung 2013; 191:281-8.

Wang D, Xiao W, Ma D, Zhang Y, Wang Q, Wang€Cal. Cross/sectional
epidemiological survey of asthma in Jinan, Chinasgitrology 2013; 18:313-22.

Wu F, Guo Y, Kowal P, Jiang Y, Yu M, Li X, dt Brevalence of major chronic
conditions among older Chinese adults: the Stud@lohal AGEing and adult health
(SAGE) wave 1. PLoS One 2013; 8:e74176.

Sonomjamts M, Dashdemberel S, Logii N, Naka€ligusa Y, Ohhira S, et al.
Prevalence of asthma and allergic rhinitis amongtambpulation in Ulaanbaatar,
Mongolia. Asia Pac Allergy 2014, 4:25.



