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The disease burden of childhood asthma in 
China: a systematic review and meta-analysis

Background In China, childhood asthma prevalence showed a remarkable in-
crease in the past decades. An updated epidemiological assessment of child-
hood asthma in China with a focus on prevalence and time trends is required.

Methods We systematically searched three main Chinese databases and one En-
glish database to identify epidemiological studies of the prevalence of childhood 
asthma in China. Asthma cases were defined according to one of the five sets of 
Chinese diagnostic criteria which were established by the Children Respiratory 
Disease Group. We estimated age- and sex-specific prevalence of asthma using 
a multilevel mixed-effects logistic regression. We presented the time trends of 
asthma prevalence between 1990 and 2020 by age, sex and setting (urban vs 
rural), and also estimated the number of children affected by asthma in 2010.

Results In 1990, the prevalence of asthma ranged from 0.13% (95% confidence 
interval (CI) = 0.10-0.20) in rural girls aged 14 years to 1.34% (95% CI = 1.11-
1.67) in urban boys aged five years. In 2010, the overall prevalence of asthma 
in Chinese children aged 0-14 years was 2.12% (95% CI = 1.83-2.51), corre-
sponding to 5.16 million children living with asthma. Children aged 5-9 years 
were with the highest prevalence estimate of 2.65% (95% CI = 2.31-3.12) and 
those aged 10-14 years were with the lowest (1.48%, 95% CI = 1.26-1.78). In 
2020, it is expected that this disparity will continue, with the prevalence of 
asthma being at the lowest level among rural girls aged 14 years (1.11%, 95% 
CI = 0.82-1.54) and at the highest level among urban boys aged four years 
(10.27%, 95% CI = 8.61-12.18). Over the 30 years (1990-2020), the prevalence 
of asthma in children aged 0-14 years has increased in both sexes and settings, 
which was consistently the lowest in rural girls and the highest in urban boys.

Conclusions This study shows that childhood asthma has been increasingly 
prevalent in China. Asthma is more frequent in boys and in rural areas. The 
detailed and systematic estimates of asthma prevalence in this study constitute 
the best currently available basis for policymaking, planning, and allocation 
of health and welfare resources related to the burden of childhood asthma in 
China.
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Asthma is defined as a chronic inflammatory disorder of airways and is associated 
with airway hyper-responsiveness that leads to attacks of wheezing, breathlessness, 
cough and/or chest tightness with varying severity and frequency [1]. Globally, 
asthma has been recognized one of the most costly respiratory disorders, which 
has caused substantial disability, impaired quality of life and deaths among chil-
dren and young adults [2]. The Global Burden of Disease Study (GBD) in 2015 
estimated that asthma accounts for 1.1% of the overall global estimates of disabili-
ty-adjusted life years lost [3]. Approximate one third to half of children with mod-
erate to severe asthma may persist to adulthood, which has exerted heavy burden 
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A on family and health care system [4]. Importantly, a substantial increase in the prevalence of childhood 

asthma has been reported across the world [5]. The most striking increase was observed in westernized 
countries, such as the United Kingdom, Australia, and Canada, which already had high rates of report-
ed asthma, and a significant increase has also been noted in Asia and Eastern Europe which had a rela-
tive lower baseline prevalence [5]. With current rising trends, it is foreseeable that asthma will become 
a more serious public health problem and is of great concern among medical and health professionals.

In China, childhood asthma prevalence showed a remarkable increase in the past decades. The Chinese 
national cooperative group conducted three sample surveys in 1990, 2000 and 2010 to assess the prev-
alence of asthma in children aged 0-14 years. The first survey in 1990 reported the prevalence of asthma 
ranging from 0.09 to 2.60% in urban-resident children with a national prevalence of 0.91% [6]. In 2000, 
the second survey showed that the prevalence of asthma had increased to 0.52%-3.34%, with a nation-
al prevalence of 1.54% [7]. In 2010, the third repeated survey found that the prevalence was estimated 
to be 0.42%-5.37% with a national prevalence of 2.32% [8]. Since then, no recent official statistics have 
been made available on the current status of childhood asthma at the national level, though a multitude 
of new sub-national surveys have been conducted in different cities of China showing considerable re-
gional variations [9-11].

Given the availability of national and sub-national investigations in childhood asthma in China, it is pos-
sible for us to provide an up-to-date analysis of the prevalence rate of asthma among Chinese children. 
In this study, we conducted a systematic review and meta-analysis to investigate the prevalence of asthma 
in Chinese children aged 0-14 years. The time trends (1990-2020) and variations of asthma prevalence 
by age, sex and setting (urban vs rural) were also explored. Moreover, the number of children affected by 
asthma in 2020 was also estimated.

METHODS

Systematic review and data extraction

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items 
for Systematic reviews and Meta-Analyses (PRISMA) statement [12]. Four bibliographic databases, in-
cluding China National Knowledge Infrastructure (CNKI), Wanfang Data and VIP Database for Chinese 
Technical Periodical (VIP) and PubMed, were searched on 16th March 2019 to retrieve all epidemiolog-
ical studies of asthma in Chinese children that were published from 1990 onwards. All titles, abstracts 
and keywords, followed by full texts of the records were examined by two independent trained reviewers 
(CNKI, Wanfang and VIP: XL, PS and HL; PubMed: XL and YZ) in parallel. Briefly, only studies that were 
conducted in the general paediatric population in Mainland China were included. The eligible studies 
should have reported the numerical prevalence of asthma in children, and asthma should be defined ac-
cording to one of the five sets of Chinese diagnostic criteria which were established by the first Children 
Respiratory Disease Conference in 1987, the Nation Cooperation Group on Childhood Asthma (NCG-
CA) of 1993 or 1998, and the Branch for Respiratory Diseases of Chinese Medical Associations (BRD-
CMA) of 1997 or 2003 [13]. For multiple publications based on the same study, the one with the most 
detailed information was kept.

All relevant data, including author(s), year of publication, study design, sampling method, setting (ur-
ban, rural or mixed), year of investigation, asthma diagnosis, sample size and asthma cases, were extract-
ed from the included studies. Wherever prevalence was split into different subgroups, ie, age-, sex-, set-
ting-specific prevalence, data were tabulated for those subgroups accordingly.

Statistical analysis

In the data extraction procedure, individual studies were used to provide multiple data points which con-
tributed to the overall data set. To take into account the sample size and the availability of different data 
points from the same study, a multilevel mixed-effects logistic regression was adopted with a restricted 
cubic spline [14,15]. This was then used to model the asthma prevalence as a function of age. Based on a 
total of 752 data points, the age-, sex- and setting-specific prevalence of asthma in Chinese children was 
estimated for the years 1990, 2000, 2010 and 2020. We further estimated the corresponding 95% confi-
dence intervals (CIs) by applying the semiparametric bootstrapping method [16]. The number of asthma 
cases in Chinese children aged 14 years and younger in 2010 was calculated by multiplying the paediatric 
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Apopulation size in China, available from the United Nations Population Division (UNPD) and the China 

Census 2010. All the analyses were conducted in R v3.3.0 (https://www.r-project.org/).

RESULTS

Our literature search returned a total of 29 987 citations. After removing 25 014 dupli-
cates and irrelevant citations, 4973 records were screened, among which 1026 were 
reviewed at full-text. Finally, 222 articles were included according to the eligibility 
criteria. The process of study selection is documented in detail in Figure 1. Table 1 
demonstrates the main characteristics of the remaining 222 articles, which were all 
cross-sectional in design and defined asthma according to one of the five Chinese 
diagnostic criteria. More than half of these articles were published in the most re-
cent decade (n = 112, 50.5%) and most of the studies were conducted in urban areas 
(n = 142, 64.0%).

A total of 55 retained articles provided the prevalence of asthma for different age and 
sex subgroups. Across the age span from zero to 14 years, the relation between age 
and asthma prevalence based on all informative data points is demonstrated in Fig-
ure 2. Generally, the prevalence of asthma steadily increased with age before five years 
old, and then started to decrease until 14 years old.

Table 1. Main characteristics of the 
included articles (n = 222)

Characteristic Number of articles (%)
Year published:

1990-1999 31 (14.0)

2000-2009 79 (35.6)

2010-2016 112 (50.5)

Setting:

Urban 142 (64.0)

Rural 11 (5.0)

Mixed 69 (31.1)

Sample size:

100-5000 30 (13.5)

5001–10 000 43 (19.4)

10 001–20 000 97 (43.7)

>20 000 52 (23.4)

Figure 1. Flow diagram of systematic review process.

Age, sex, setting and study year were all significantly associated with asthma prevalence. The final formu-
la generated from the multilevel mixed-effects logistic regression is shown below:

ln(odds) = –147.519 + 0.071 × year–0.503 × sex
girl

 + 0.757 × setting
urban

 + 0.300 × age1 –  0.939 × age2 + 1.9
59 × age3 – 1.074 × age4 + ui

Where

odds – p/(1 – p), p indicates the prevalence of asthma

year – calendar year

sex
girl

 – 1 for girls and 0 for boys

setting
urban

 – 1 for urban areas and 0 for rural areas

age1 – age4 are variables created in the process of fitting cubic splines (knots: 0.5, 4.0, 7.0, 10.0, and 13.5)

ui variance of the study-level random effect
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Based on the final formula, age-specific prevalence of asthma in Chinese children was calculated for dif-
ferent sexes, settings and the years 1990, 2000, 2010 and 2020 respectively (Figure 3 and Table S1 in 
the Online Supplementary Document). Over the 30 years (1990-2020), the prevalence of asthma in 
children aged 0-14 years has increased in both sexes and settings, which was consistently the lowest in 
rural girls and the highest in urban boys. In 1990, the prevalence of asthma ranged from 0.13% (95% 
CI = 0.10-0.20) in rural girls aged 14 years to 1.34% (95% CI = 1.11-1.67) in urban boys aged five years. 
In 2020, this disparity will continue, with the prevalence of asthma being at the lowest level among ru-
ral girls aged 14 years (1.11%, 95% CI = 0.82-1.54] and at the highest level among urban boys aged four 
years (10.27%, 95% CI = 8.61-12.18).

After applying the estimates of age-, sex- and setting-specific prevalence of asthma on United Nations Pop-
ulation Division’s demographic data and China Census data, the overall prevalence of asthma and number 
of affected cases in Chinese children aged under 5 years (0-4 years), 5-9 years, 10-14 years and 0-14 years 
were calculated for the year 2010 (Table 2 and Figure S1 in the Online Supplementary Document). 
Overall, the prevalence of asthma in Chinese children aged 0-14 years was 2.12% (95% CI = 1.83-2.51) in 
2010. Children aged 5-9 years were with the highest prevalence estimate of 2.65% (95% CI = 2.31-3.12) 
and those aged 10-14 years were with the lowest (1.48%, 95% CI = 1.26-1.78). Regarding the number 
of asthma cases, the total number of affected children aged 0-14 years was 5.16 million (95% CI = 4.45-
6.09) in China in 2010, among whom those aged 5-9 years contributed the most cases (40.5%, 2.09 
million, 95% CI = 1.83-2.47). In 2010, more than one third (39.5%) of the paediatric asthma cases were 
boys living in urban areas.

DISCUSSION

In this study, by systematically reviewing all published evidence of childhood asthma prevalence and ap-
plying strict inclusion and exclusion criteria, we present a comprehensive estimate of the pooled preva-
lence and epidemic characteristics of asthma in Chinese children, including its time trend, sex difference, 
age structures and the predicted prevalence in the upcoming year 2020. We identified 268 articles report-
ing the prevalence of childhood asthma, but only these (n = 222) defining asthma cases by following one 

Figure 2. Age-specific prevalence of asthma in Chinese children based on the data points from the included stud-
ies. The spot sizes were scaled according to the study sample sizes.
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of the five versions of Chinese diagnostic criteria were finally included for analysis. As these 
versions of Chinese criteria were all quite similar, therefore we did not consider that these 
minor difference would substantially distort the comparison of asthma prevalence between 
studies. Additionally, a small number of studies followed the protocol of The International 
Study of Asthma and Allergies in Childhood (ISAAC) and most of them were published pri-
or to 2010 [5]. Studies based on ISAAC protocol relied on self-reported or parental reports 
of asthma [5], while the Chinese diagnostic criteria relied on the physician to evaluate the 
collected information of each asthma potential case and make sure that a set of necessary of 
criteria were fulfilled [13]. The differences described above point towards the need for reason-
able similar disease definitions and data collection methods in order to be able to synthesize 
prevalence between studies. Given the sample size was large for articles based on Chinese 
diagnostic criteria, we therefore restrict our analysis to the Chinese diagnostic criteria only.

With following the Chinese diagnostic criteria, we estimated an overall prevalence of 2.12% 
for children aged 0-14 years, corresponding to 5.16 million children living with asthma in 
2010. Our estimates were generally consistent with these reported in two published me-
ta-analyses. In 2012, Yangzong et al reviewed the epidemiology studies of childhood asthma 
in China, and identified 12 studies followed the ISAAC protocol whereas 62 studies followed 
the Chinese diagnostic criteria [17]. They reported generally low prevalence following both 
criteria, whereas time trends in the prevalence were not summarized. Another meta-analysis 
of 117 studies that were published between 1988 and 2014 and followed the Chinese diag-
nostic criteria with a total sample size of 2 678 696 was conducted subsequently, and report-
ed an overall asthma prevalence of 2.11% in children [18]. Their estimate is quite similar to 
ours. Our study observed an overall increasing trend of childhood asthma prevalence during 
the two past decades, from 0.91% in 1990, to 1.54% in 2000, to 2.12% in 2010, and indi-
cated the prevalence of asthma in Chinese children having increased by almost 50% every 
10 years. Our estimates were much in line with the increasing trend of asthma prevalence 
globally, though they are much lower than the current prevalence in many other countries, 
especially in developed countries, such as Austria (11.3%), United States (8.69%), United 
Kingdom (15.4%) and Canada (13%) [2,19]. When taking into account the facts that China 
possessed the highest asthma mortality rate (36.7 deaths per 100 000 patients with asthma) 
[2] and the second large population in the world, the disease burden attributed to asthma 
could be as heavy as these high prevalent countries.Ta
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Figure 3. Age-, sex- and setting-specific prevalence of asthma in Chinese children in the years 1990, 
2000, 2010 and 2020, with 95% confidence intervals.
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ficult to some extent to compare the difference between urban and rural areas. Most of the surveys had 
been conducted in large and modern cities, like Shanghai and Beijing. With a wealth of data from ur-
ban areas, the prevalence of childhood asthma was higher than that in rural areas. In Beijing, the total 
prevalence of asthma in children aged below 14 years in rural areas (1.3%) was much lower than that in 
urban areas (3.7%) [9]. These findings are consistent with the idea that the degree of modernization or 
westernization is related to high prevalence of asthma [20]. In China, rural areas are generally with less 
or lower–quality health resources and worse health outcomes in comparison to urban areas [21,22]. This 
urban-rural disparity of asthma prevalence may be associated with prevalent indoor and outdoor air pol-
lution resulting from multifarious interior decoration or heavy traffics in urban areas [23,24]. In addition, 
lower socioeconomic status and lower health resource quality in rural areas may also have contributed to 
the under-diagnosis of asthma [25].

As expected, asthma prevalence retains to be higher in boys than in girls (3.69% vs 2.25% in urban areas). 
When comparing to adults, the asthma prevalence is higher in women than in men, indicating a switch 
during puberty [26]. This pattern has raised several hypotheses to explain the sex difference, such as ef-
fects of sex hormones, airway calibre, and differences in exposure or diagnosis [27]. The higher prevalence 
in boys could be partly due to their smaller airway relative to lung size compared with young girls, and 
this patter reverses during adolescence [28]. Other possible explanations include hormonal changes and 
sex-specific differences in genetic susceptibility [29]. In particular, sex hormones are indicated to play an 
important role in the development and outcome of the allergic immune response, in particular asthma, as 
outlined by many studies [27,29,30]. A better understanding of precisely how sex hormones change the 
immune system’s response to allergens has the potential to help us tailor asthma therapy more specifically.

In view of the relation between asthma prevalence and age, our study confirms that children aged 5-9 
years have the highest prevalence (2.65%). Children in this age group always have a weak immune system 
and low self-management abilities, thus they are vulnerable to the upper respiratory infection, which is 
thought to be one of the main contributors of childhood asthma [31]. A similar condition was observed 
in the meta-analysis reported by Guo et al [18]. Along with the increase of age, asthma prevalence de-
creases at 10-14 years. This decrease might be attributed to the strengthened self-management abilities 
and stronger immunity. Additionally, the reported prevalence for children under age five should be in-
terpreted with caution. Special challenges in asthma diagnosis must be taken into account, as the diag-
nosis of asthma in younger children has to be largely based on clinical judgment and an assessment of 
symptoms and physical findings [32]. In this case, a confident diagnosis of asthma can be difficult be-
cause episodic respiratory symptoms such as wheezing and cough are also common in children without 
asthma in this age group. Importantly, it should be realised that reliable quantitative indicators are made 
available in the most recently updated guideline in 2016 [33] and a new scoring system is also recently 
initiated in China to establish a diagnostic system for asthma in young children and babies [34]. Promot-
ing the physician’s knowledge and adherence to the updated Chinese guideline and recommendations 
would considerably improve the diagnosis and thus ensure an accurate estimate of the disease burden of 
asthma in younger children in China.

Our study also has several potential limitations. First, significant heterogeneity was seen between the in-
cluded studies. This could be partly due to the regional difference, given that China is a diverse country 
with highly varied culture, levels of development and demographic characteristics. It could also be at-
tributed to the increasingly recognized heterogeneity of asthma, as there is no gold-standard diagnostic 
test. Although only studies that adopted the Chinese diagnostic criteria were included, in order to reduce 
the methodological variability, heterogeneity may still exist because of the differences among investigators 
in operating protocols, levels of training, adherence to guidelines and variations in the implementation of 
guidelines. Moreover, there is increasing community awareness of asthma, leading to changing diagnostic 
habits and international classification had also changed over time, all leading to difficulties determining 
the reality and accuracy of reported trends. Another possible cause for concern is that the results of me-
ta-regression only took into account a limited set of covariates (ie, sex, age, year and urbanicity) because 
these were the only covariates that were broadly available. The scarcity of studies adopting unified defi-
nitions of other covariates limited our ability to explore more possible effects.

CONCLUSIONS

In conclusion, results from this study have shown that childhood asthma is increasingly prevalent in Chi-
na. Asthma is more frequent in boys and in rural areas. Further analysis from an epidemiological perspec-
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Ative will remain to be required to explore the temporal distribution of asthma prevalence in Chinese chil-

dren. The detailed and systematic estimates of asthma prevalence and the number of cases in this study 
constitute the best currently available basis for policymaking, planning, and allocation of health and wel-
fare resources related to the burden of childhood asthma in China. Optimal intervention delivery - both 
in primary and secondary prevention and treatment - is urgently needed to counter this growing trend.

Funding: ET and XL are supported by the Cancer Research UK grant (C31250/A22804).

Authorship declaration: IR designed the study. XL, PS, HLand ZY conducted literature searches in Chinese 
and English databases. PS and XL analysed the data with input from KC. XL, PS and IR wrote the draft of the 
paper with input from all co-authors. IR, ET and HC provided important guidance on carrying out this study. 
All authors have read and approved the final manuscript as submitted.

Competing interests: Igor Rudan and Harry Campbell are Co-Editors in Chief of the Journal of Global Health. 
To ensure that any possible conflict of interest relevant to the journal has been addressed, this article was re-
viewed according to best practice guidelines of international editorial organisations. The authors completed 
the ICMJE Unified Competing Interest form (available upon request from the corresponding author), and de-
clare no further conflicts of interest.

Additional material
Online Supplementary Document

  1 �Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald M, et al. Global strategy for asthma management and pre-
vention: GINA executive summary. Eur Respir J. 2008;31:143-78. Medline:18166595 doi:10.1183/09031936.00138707

  2 �Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma: executive summary of the GINA Dissemination 
Committee report. Allergy. 2004;59:469-78. Medline:15080825 doi:10.1111/j.1398-9995.2004.00526.x

  3 �GBD 2015 Chronic Respiratory Disease Collaborators. Global, regional, and national deaths, prevalence, disability-ad-
justed life years, and years lived with disability for chronic obstructive pulmonary disease and asthma, 1990-2015: a sys-
tematic analysis for the Global Burden of Disease Study 2015. Lancet Respir Med. 2017;5:691-706. Medline:28822787 
doi:10.1016/S2213-2600(17)30293-X

  4 van Aalderen WM. Childhood asthma: diagnosis and treatment. Scientifica (Cairo). 2012;2012:674204. Medline:24278725
  5 �Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Weiland SK, et al. Worldwide time trends in the prevalence of 

symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat mul-
ticountry cross-sectional surveys. Lancet. 2006;368:733-43. Medline:16935684 doi:10.1016/S0140-6736(06)69283-0

  6 �Chen YZ. Comparative analysis of the state of asthma prevalence in children from two nation-wide surveys in 1990 and 
2000 year. [In Chinese]. Zhonghua Jie He He Hu Xi Za Zhi. 2004;27:112-6. Medline:14990187

  7 �Chen YZ. A nationwide survey in China on prevalence of asthma in urban children. [In Chinee]. Zhonghua Er Ke Za 
Zhi. 2003;41:123-7. Medline:14759318

  8 �National Cooperative Group on Childhood Asthma. Third nationwide survey of childhood asthma in urban areas of 
China. [In Chinese]. Zhonghua Er Ke Za Zhi. 2013;51:729-35. Medline:24406223

  9 �Zhu WJ, Ma HX, Cui HY, Lu X, Shao MJ, Li S, et al. Prevalence and Treatment of Children’s Asthma in Rural Areas 
Compared with Urban Areas in Beijing. Chin Med J (Engl). 2015;128:2273-7. Medline:26315071 doi:10.4103/0366-
6999.163381

10 �Zhang F, Hang J, Zheng B, Su L, Christiani DC. The changing epidemiology of asthma in Shanghai, China. J Asthma. 
2015;52:465-70. Medline:25387151 doi:10.3109/02770903.2014.982762

11 �Li L, Spengler JD, Cao SJ, Adamkiewicz G. Prevalence of asthma and allergic symptoms in Suzhou, China: Trends by 
domestic migrant status. J Expo Sci Environ Epidemiol. 2019;29:531-8. Medline:29269755 doi:10.1038/s41370-017-
0007-8

12 �Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRIS-
MA statement. Ann Intern Med. 2009;151:264-9. Medline:19622511 doi:10.7326/0003-4819-151-4-200908180-00135

13 �Chen YZ. Diagnosis and treatment of childhood asthma. Beijing: People’s Medical Publishing House; 2004.</bok>
14 �Thompson SG, Higgins J. How should meta-regression analyses be undertaken and interpreted? Stat Med. 2002;21:1559-

73. Medline:12111920 doi:10.1002/sim.1187
15 �Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline functions in public health research. Stat 

Med. 2010;29:1037-57. Medline:20087875 doi:10.1002/sim.3841
16 �Barr DJ. Random effects structure for testing interactions in linear mixed-effects models. Front Psychol. 2013;4:328. 

Medline:23761778 doi:10.3389/fpsyg.2013.00328
17 �Yangzong Y, Shi Z, Nafstad P, Haheim LL, Luobu O, Bjertness E. The prevalence of childhood asthma in China: a sys-

tematic review. BMC Public Health. 2012;12:860. Medline:23050953 doi:10.1186/1471-2458-12-860
18 �Guo X, Li Z, Ling W, Long J, Su C, Li J, et al. Epidemiology of childhood asthma in mainland China (1988-2014): A me-

ta-analysis. Allergy Asthma Proc. 2018;39:15-29. Medline:29669661 doi:10.2500/aap.2018.39.4131

R
E

FE
R

E
N

C
E

S

http://jogh.org/documents/issue202001/jogh-10-010801-s001.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18166595&dopt=Abstract
https://doi.org/10.1183/09031936.00138707
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15080825&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2004.00526.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28822787&dopt=Abstract
https://doi.org/10.1016/S2213-2600(17)30293-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24278725&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16935684&dopt=Abstract
https://doi.org/10.1016/S0140-6736(06)69283-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14990187&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14759318&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24406223&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26315071&dopt=Abstract
https://doi.org/10.4103/0366-6999.163381
https://doi.org/10.4103/0366-6999.163381
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25387151&dopt=Abstract
https://doi.org/10.3109/02770903.2014.982762
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29269755&dopt=Abstract
https://doi.org/10.1038/s41370-017-0007-8
https://doi.org/10.1038/s41370-017-0007-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622511&dopt=Abstract
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12111920&dopt=Abstract
https://doi.org/10.1002/sim.1187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20087875&dopt=Abstract
https://doi.org/10.1002/sim.3841
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23761778&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23761778&dopt=Abstract
https://doi.org/10.3389/fpsyg.2013.00328
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23050953&dopt=Abstract
https://doi.org/10.1186/1471-2458-12-860
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669661&dopt=Abstract
https://doi.org/10.2500/aap.2018.39.4131


Li et al.

June 2020  •  Vol. 10 No. 1 •  010801	 8	 www.jogh.org •  doi: 10.7189/jogh.10.010801

V
IE

W
PO

IN
TS

RE
SE

A
RC

H
 T

H
E

M
E

 4
:  

H
E

A
LT

H
 T

RA
N

SI
TI

O
N

S 
IN

 C
H

IN
A 19 �Lai CK, Beasley R, Crane J, Foliaki S, Shah J, Weiland S. Global variation in the prevalence and severity of asthma symp-

toms: phase three of the International Study of Asthma and Allergies in Childhood (ISAAC). Thorax. 2009;64:476-83. 
Medline:19237391 doi:10.1136/thx.2008.106609

20 �Nicolaou N, Siddique N, Custovic A. Allergic disease in urban and rural populations: increasing prevalence with increas-
ing urbanization. Allergy. 2005;60:1357-60. Medline:16197466 doi:10.1111/j.1398-9995.2005.00961.x

21 �Gong P, Liang S, Carlton EJ, Jiang Q, Wu J, Wang L, et al. Urbanisation and health in China. Lancet. 2012;379:843-52. 
Medline:22386037 doi:10.1016/S0140-6736(11)61878-3

22 �Meng Q, Xu L, Zhang Y, Qian J, Cai M, Xin Y, et al. Trends in access to health services and financial protection in Chi-
na between 2003 and 2011: a cross-sectional study. Lancet. 2012;379:805-14. Medline:22386034 doi:10.1016/S0140-
6736(12)60278-5

23 �Zhang J, Dai J, Yan L, Fu W, Yi J, Chen Y, et al. Air Pollutants, Climate, and the Prevalence of Pediatric Asthma in Urban 
Areas of China. BioMed Res Int. 2016;2016:2935163. Medline:27556031 doi:10.1155/2016/2935163

24 �Norbäck D, Lu C, Zhang Y, Li B, Zhao Z, Huang C, et al. Sources of indoor particulate matter (PM) and outdoor air pol-
lution in China in relation to asthma, wheeze, rhinitis and eczema among pre-school children: Synergistic effects between 
antibiotics use and PM10 and second hand smoke. Environ Int. 2019;125:252-60. Medline:30731375 doi:10.1016/j.
envint.2019.01.036

25 �Chen TJ, Modin B, Ji CY, Hjern A. Regional, socioeconomic and urban-rural disparities in child and adolescent obesity in 
China: a multilevel analysis. Acta Paediatr. 2011;100:1583-9. Medline:21722175 doi:10.1111/j.1651-2227.2011.02397.x

26 �Leynaert B, Sunyer J, Garcia-Esteban R, Svanes C, Jarvis D, Cerveri I, et al. Gender differences in prevalence, diagnosis and 
incidence of allergic and non-allergic asthma: a population-based cohort. Thorax. 2012;67:625-31. Medline:22334535 
doi:10.1136/thoraxjnl-2011-201249

27 �Shah R, Newcomb DC. Sex bias in asthma prevalence and pathogenesis. Front Immunol. 2018;9:2997. Medline:30619350 
doi:10.3389/fimmu.2018.02997

28 �Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet. 2018;391:783-800. Medline:29273246 doi:10.1016/
S0140-6736(17)33311-1

29 �Arathimos R, Granell R, Haycock P, Richmond RC, Yarmolinsky J, Relton CL, et al. Genetic and observational evidence 
supports a causal role of sex hormones on the development of asthma. Thorax. 2019;74:633-42. Medline:30936389 
doi:10.1136/thoraxjnl-2018-212207

30 �Yung JA, Fuseini H, Newcomb DC. Hormones, sex, and asthma. Ann Allergy Asthma Immunol. 2018;120:488-94. Med-
line:29410216 doi:10.1016/j.anai.2018.01.016

31 �Martinez FD. Respiratory syncytial virus bronchiolitis and the pathogenesis of childhood asthma. Pediatr Infect Dis J. 
2003;22(2 Suppl):S76-82. Medline:12671456 doi:10.1097/00006454-200302001-00011

32 �Castro-Rodríguez JA, Holberg CJ, Wright AL, Martinez FD. A clinical index to define risk of asthma in young chil-
dren with recurrent wheezing. Am J Respir Crit Care Med. 2000;162:1403-6. Medline:11029352 doi:10.1164/ajrc-
cm.162.4.9912111

33 �Respiratory Group of Pediatric Branch of Chinese Medical Association, Editorial Board of Chinese Journal of Pediatrics. 
Guideline for the diagnosis and prevention of bronchial asthma in children. Zhonghua Er Ke Za Zhi. 2016;54:167-81. 
Medline:26957061

34 �Zhou X, Hong J. Pediatric asthma management in China: Current and future challenges. Paediatr Drugs. 2018;20:105-
10. Medline:29222627 doi:10.1007/s40272-017-0276-7

R
E

FE
R

E
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19237391&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19237391&dopt=Abstract
https://doi.org/10.1136/thx.2008.106609
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16197466&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2005.00961.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22386037&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22386037&dopt=Abstract
https://doi.org/10.1016/S0140-6736(11)61878-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22386034&dopt=Abstract
https://doi.org/10.1016/S0140-6736(12)60278-5
https://doi.org/10.1016/S0140-6736(12)60278-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27556031&dopt=Abstract
https://doi.org/10.1155/2016/2935163
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30731375&dopt=Abstract
https://doi.org/10.1016/j.envint.2019.01.036
https://doi.org/10.1016/j.envint.2019.01.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722175&dopt=Abstract
https://doi.org/10.1111/j.1651-2227.2011.02397.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22334535&dopt=Abstract
https://doi.org/10.1136/thoraxjnl-2011-201249
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30619350&dopt=Abstract
https://doi.org/10.3389/fimmu.2018.02997
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29273246&dopt=Abstract
https://doi.org/10.1016/S0140-6736(17)33311-1
https://doi.org/10.1016/S0140-6736(17)33311-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30936389&dopt=Abstract
https://doi.org/10.1136/thoraxjnl-2018-212207
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29410216&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29410216&dopt=Abstract
https://doi.org/10.1016/j.anai.2018.01.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12671456&dopt=Abstract
https://doi.org/10.1097/00006454-200302001-00011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11029352&dopt=Abstract
https://doi.org/10.1164/ajrccm.162.4.9912111
https://doi.org/10.1164/ajrccm.162.4.9912111
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26957061&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26957061&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29222627&dopt=Abstract
https://doi.org/10.1007/s40272-017-0276-7

