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Abstract Several studies have demonstrated an asso-
ciation between the risk asthma/allergic rhinitis and the 
environment. However, to date, no systematic review 
or meta-analysis has investigated these factors. We 
conducted a systematic review and meta-analysis to 
assess the association between urban/rural living and 
the risk of asthma and allergic rhinitis. We searched 
the Embase and Medline databases for relevant articles 
and included only cohort studies to observe the effects 
of time-lapse geographical differences. Papers contain-
ing information on rural/urban residence and respira-
tory allergic diseases were eligible for inclusion. We 
calculated the relative risk (RR) and 95% confidence 

interval (CI) using a 2 × 2 contingency table and 
used random effects to pool data. Our database search 
yielded 8388 records, of which 14 studies involving 
50,100,913 participants were finally included. The risk 
of asthma was higher in urban areas compared to rural 
areas (RR, 1.27; 95% CI, 1.12–1.44, p < 0.001), but 
not for the risk of allergic rhinitis (RR, 1.17; 95% CI, 
0.87–1.59, p = 0.30). The risk of asthma in urban areas 
compared to rural areas was higher in the 0–6 years 
and 0–18 years age groups, with RRs of 1.21 (95% CI, 
1.01–1.46, p = 0.04) and 1.35 (95% CI, 1.12–1.63, p 
= 0.002), respectively. However, there was no signifi-
cant difference in the risk of asthma between urban and 
rural areas for children aged 0–2 years, with a RR of 
3.10 (95% CI, 0.44–21.56, p = 0.25). Our study pro-
vides epidemiological evidence for an association 
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between allergic respiratory diseases, especially 
asthma, and urban/rural living. Future research should 
focus on identifying the factors associated with asthma 
in children living in urban areas. The review was regis-
tered in PROSPERO (CRD42021249578).

Keywords Asthma · Allergic rhinitis · Urban · 
Rural · Meta-analysis · Systematic review

Introduction

Asthma is a long-term inflammatory condition affecting 
the airways which causes repeated occurrences of 
wheezing, difficulty breathing, tightness in the chest, 
and/or coughing mediated by IgE antibodies and Th2 
lymphocytes [1], and allergic rhinitis refers to a condition 
characterized by sneezing, nasal itching, difficulty in 
breathing due to airflow obstruction, and clear nasal 
discharge, resulting from an IgE-mediated response to 
inhaled allergens that triggers inflammation of the nasal 
mucosa [2]. Asthma caused 21.6 million disability-
adjusted life years (DALYs), which accounted for 20% of 
all DALYs resulting from chronic respiratory diseases [3].

Respiratory allergic diseases, such as allergic rhi-
nitis and asthma, are common in industrialized areas 
[4] and have complex pathophysiology [5, 6]. Urbani-
zation, with its associated exposure to risk factors, 
has been linked to an increased risk of asthma [7, 8]. 
The hygiene hypothesis suggests that early exposure 
to infectious agents may provide protection against 
allergic diseases, including asthma [9]. Genetic fac-
tors play a role in asthma incidence [10], but environ-
mental factors such as climate, urban/rural environ-
ment, diet, infant breastfeeding, smoking, pollution, 
obesity, and physical exercise are also important driv-
ers of disease burden [11–17].

Recently, an increase in the incidence of respiratory 
allergic diseases has been reported in urbanized areas 
[8, 18, 19]. A systematic review and meta-analysis 
investigating the link between urbanization and 
increased asthma prevalence was published in 2019 
[20]. Nonetheless, this study had a specific focus on low-
income and middle-income countries, and the majority 
of the included studies were cross-sectional design. 
Therefore, our systematic review and meta-analysis aim 
to investigate the difference in the incidence of asthma 
and allergic rhinitis between urban and rural areas.

Methods

Patient and Public Involvement

Not applicable.

Protocol and Registration

This systematic review was conducted in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses [21, 22]. The study pro-
tocol was approved by PROSPERO.

Eligibility Criteria

We defined the PICO statement as follows:
Participants: subjects with information on resi-

dence and asthma/allergic rhinitis
Intervention or exposure: residents of urban areas
Comparison: residents in rural areas
Outcome: difference in the incidence of asthma or 

allergic rhinitis
Based on this PICO statement, we conducted a search 

for papers that contain information on rural/urban resi-
dence and respiratory allergic diseases, specifically 
asthma and allergic rhinitis. Respiratory allergic dis-
eases were defined as asthma and allergic rhinitis. Only 
cohort studies were eligible to observe the effects of 
geographical differences over time. In addition to pub-
lished papers, article-in-press type papers were also 
considered. Only studies that clearly described respira-
tory allergic diseases (e.g., asthma, allergic rhinitis), and 
not respiratory symptoms (e.g., rhinitis, wheezing), were 
included. We included the most recent research in the 
studies using the same database.

Information Sources and Search Strategy

On April 19, 2021, we conducted a search for papers 
using the Embase and Medline databases. We first 
considered mesh terms to establish the search strat-
egy, and then we additionally considered text words 
to conduct a more extensive search. The search strat-
egy was as follows: (rural:ab,ti OR agrarian:ab,ti OR 
provinc*:ab,ti OR rusti*:ab,ti OR geography*:ab,ti 
OR urban:ab,ti OR city:ab,ti OR municipal:ab,ti 
OR civil:ab,ti OR metropolitan:ab,ti) AND (respira-
tory tract allergy:ab,ti OR asthma:ab,ti OR bronchial 
hypersensitiv*:ab,ti OR bronchial hyperreacti*:ab,ti 
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OR bronchial spasm:ab,ti OR bronchospasm:ab,ti OR 
bronchoconstrict*:ab,ti OR allergic rhinitis:ab,ti OR 
rhino conjunctivitis:ab,ti OR nasal allergy:ab,ti OR 
nasal hypersensitiv*:ab,ti OR nasal hyperreacti*:ab,ti 
OR hay fever:ab,ti) AND (risk:ab,ti OR ratio:ab,ti OR 
prevalence:ab,ti OR incidence:ab,ti OR outcome:ab,ti 
OR prognosis:ab,ti OR hazard:ab,ti OR odds:ab,ti 
OR morbidity:ab,ti OR cohort:ab,ti). Only papers 
published in English were eligible, and there were no 
restrictions on the publication year. We searched for 
gray literatures on Google and Google Scholar.

Selection Process

The corresponding authors initially extracted records 
in the form of a comma-separated value (CSV) file by 
column. Two reviewers (MS and SH) independently 
screened the titles and abstracts of each study, and 
the full-text articles were reviewed and assessed by 
the same authors. Any disagreements were resolved 
through discussion among the authors.

Data Collection Process and Data Items

Two reviewers (MS and SH) collected the data, which 
were then reviewed by the corresponding authors 
(KK, DL, and YHK). Any discrepancies in the data 
collection were resolved through consultation with 
the authors. Through full-text assessment, the two 
reviewers extracted the following data: title, abstract, 
author name, publication year, study period, region, 
number of participants, age, type of respiratory aller-
gic disease, and classification of urban/rural areas.

Risk of Bias Assessment

The Newcastle-Ottawa scale was used to evaluate the 
risk of bias in cohort studies [23]. This scale consists 
of eight items in three domains: selection, compara-
bility, and outcome. Studies are defined as “good,” 
“fair,” and “poor” quality according to the item 
score. The Newcastle-Ottawa scale is one of the most 
widely used tools for assessing bias risk in observa-
tional studies [24]. It is a widely validated tool that 
allows researchers to evaluate studies across various 
disciplines [24]. Two reviewers (MS and SH) inde-
pendently assessed the risk of bias of the included 

studies, and any disagreements were resolved through 
discussions among all authors.

Effect Measures

The relative risk (RR) was calculated using a 2 
× 2 contingency table. The RR presented in the 
included studies was extracted if the sample number 
could not be extracted. Unadjusted values were pre-
ferred, followed by adjusted values. For meta-anal-
ysis purposes, the hazard ratio (HR) was considered 
equal to an RR [25]. The odds ratio was converted 
to an RR estimate using the method described by 
Zhang and Kai [26].

Data Synthesis

The heterogeneity of the included studies was evalu-
ated using I2 statistics, with values of 25%, 50%, and 
75% representing low, moderate, and high heteroge-
neity, respectively [27]. Since significant heteroge-
neity (>50%) was observed in all of our results, only 
the random effects model was utilized. A Higgins 
method calculation was used whenever an integrated 
value was required in the study [27]. The integrated 
estimate was calculated using the inverse variance 
weighting method [28]. Review Manager 5.4 soft-
ware (Cochrane, London, UK) was used to synthe-
size the results, and the findings were visualized 
using forest plots created in the same software.

Subgroup Analysis

For asthma, subgroup analysis was performed accord-
ing to diagnostic period: 0–2 years group (until tod-
dler), 0–6 years group (until pre-school), and 0–18 years 
group (until adolescent) [29], and regions such as Can-
ada, Europe, Asia, and the USA. For allergic rhinitis, 
subgroup analysis was performed for 0–18 years group 
(until adolescent) by diagnostic period [29].

Publication Bias

A funnel plot was drawn using the STATA 13 soft-
ware (Stata Corporation, TX, USA) to visually assess 
publication bias. Egger’s regression test was used 
to quantitatively evaluate publication bias using the 
STATA 13 software (Stata Corporation, TX, USA).
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Certainty Assessment

Using the GRADE approach, we assessed the qual-
ity of evidence for the primary outcome based on the 
five required domains (study limitation, directness, 
consistency, precision, and reporting bias) and three 
additional domains (dose-response association, plau-
sible confounding factors that would decrease the 
observed effect, and strength of association) [30, 31]. 
Two reviewers (MS and HS) independently evaluated 
the quality of the evidence. Any disagreements were 
resolved via discussions with all authors.

Results

Study Selection

The initial database search resulted in 8388 records. 
Out of these, 3291 animal studies or non-article 
papers were excluded, leaving 5097 records for 
screening. Among these, 4805 papers were excluded 
based on their titles and abstracts, and 292 were 
selected for a more detailed evaluation. Upon further 
evaluation, 273 papers were deemed unsuitable for 

analysis due to reasons such as having a case-control 
or cross-sectional design, being review articles, being 
non-English articles, or having an unavailability of 
full-text. After re-evaluating the 19 remaining papers, 
five papers were not eligible for inclusion because of 
duplicated cohort sources and unclear definitions of 
respiratory allergic diseases. Finally, 14 studies were 
included in the meta-analysis, as shown in Fig. 1.

General Characteristics of the Included Studies

The characteristics of the included studies are sum-
marized in Table  1. All included papers had cohort 
designs, and 50,100,913 participants from 10 coun-
tries were included in the analysis. Fourteen studies 
that were published between 2003 and 2020 have 
been analyzed. Two of these studies were conducted 
in the USA, four in Canada, four in Europe, and three 
in Asia. Thirteen of the studies were included in the 
asthma meta-analysis, and four were included in the 
allergic rhinitis meta-analysis. Most of the included 
studies focused on individuals younger than 20 years 
of age. The definition of urban/rural varied between 
the studies. The diagnosis of the diseases was estab-
lished using questionnaires or national databases.

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for inclusion studies
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The Risk of Developing Asthma and Allergic Rhinitis 
in Urban Residents Compared to Rural Residents

The main and subgroup analysis results of asthma and 
allergic rhinitis risk are presented in Table 2. The risk 
of asthma was higher in urban areas compared to rural 
areas (RR, 1.27), but not for the risk of allergic rhini-
tis (RR, 1.17) (Fig. 2, Fig. 3). The risk of asthma in 
urban areas compared to rural areas was higher in the 
0–6 years and 0–18 years age groups. However, there 
was no significant difference in the risk of asthma 
between urban and rural areas for children aged 0–2 
years. The study compared the RRs of asthma in 
urban areas to those in rural areas across the USA, 
Canada, Europe, and Asia. The results showed that 
RRs were 0.90, 1.39, 1.09, and 1.68, for the respec-
tive regions. Furthermore, the analysis of the 0–18 
years age group showed a RR of 1.42 for allergic rhi-
nitis in urban areas compared to rural areas.

Risk of Bias within Studies

Of the 14 studies, 8 were evaluated as “good” and 6 
as “poor.” The detailed risk of bias in the included 
studies is shown in Supplementary Table  1. For 
studies identified as poor quality, either exposure or 
disease identification was not clear, or the adequacy 
of cohort follow-up was not specified.

Publication Bias

A funnel plot was constructed for the risk of 
asthma (Fig. 4). No significant publication bias was 
observed according to the Egger’s regression test (p 
= 0.635).

Certainty Assessment

The certainty assessment for the eight domains 
was rated for risk of asthma and allergic rhinitis. 
The quality of evidence was evaluated as “low” for 
asthma and “very low” for allergic rhinitis accord-
ing to the GRADE approach (Table 3). This evalua-
tion was prompted by the inclusion of observational 
studies, significant heterogeneity in the results, and 
low directness of the evidence level, although the 
precision of the results attributable to the inclusion 

of numerous subjects. Moreover, no item was iden-
tified to enhance the rating in additional domains.

Discussion

Our meta-analysis systemically confirmed that urban 
residents had a higher risk of developing asthma than 
rural residents. Previous reports have indicated a 
global increase in asthma since the 1970s [40], with 
a total of 340 million individuals worldwide currently 
diagnosed with asthma, and an additional 100 million 
individuals expected to be affected by 2025 [41]. The 
prevalence of asthma tends to be higher in developed 
countries [42], with prevalence estimates of 3–12% 
among children and 2–5% among adults in Germany 
[43]. There has also been a considerable increase in 
asthma in China, and a correlation has been observed 
between GDP per capita at the city level and the prev-
alence of asthma [44]. In the USA, urban children 
are well understood to represent a group with high 
asthma prevalence [45], but little information about 
the burden of asthma among rural children is avail-
able, even though 21% of the population of the USA 
lives in rural areas [46]. Previous studies have shown 
that the prevalence of asthma is highly associated 
with poverty, independent of race [47, 48]. In par-
ticular, rural residents in the USA tend to have lower 
incomes, lower educational attainment, higher rates 
of uninsurance, and lower physician supply. A high 
asthma prevalence (28%) was found in a rural, poor, 
predominantly African American cohort of children 
in Arkansas [49].

There are several potential risk factors for a high 
prevalence of respiratory diseases in urban environ-
ments [16]. The increased risk of asthma in urban 
area may be partly explained by indoor and outdoor 
air pollution, low accessibility to greenery, and low 
biodiversity [50]. Several studies have demonstrated 
that outdoor air pollution, including  NO2,  SO2, and 
particulate matter, is a risk factor for asthma and 
allergic diseases [11–14], with most studies focus-
ing on traffic-related air pollution as a risk factor for 
asthma [12, 15]. In addition, as the urban-rural dif-
ference in asthma prevalence is reported, a “hygiene 
hypothesis” has been proposed, suggesting that early 
exposure to the infectious or microbial environment 
may play a protective role against respiratory allergic 
diseases [37, 38].
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We speculate that another possible factors for 
the lower prevalence of asthma in rural environ-
ments could be a lack of awareness of the condition, 

which may be due to lower education levels and lim-
ited access to medical care and diagnosis compared 
to urban areas [51]. Urban areas may have a higher 
influx of migrants, leading to demographic differ-
ences between urban and rural populations [52]. In 
addition, genetic variations between urban and rural 
populations within each country may differ and could 
also contribute to the urban/rural differences in the 
incidence of asthma [53].

Subgroup analysis results by region (USA, Can-
ada, Europe, Asia) showed different trends. These 
differences can be explained by different levels of 
urbanization, different dimensions of the urban envi-
ronment, and differences in living conditions among 
populations [20]. It is also possible that this is due to 
differences in the characteristics of the study subjects 
included or the urban-rural definition.

One of the strengths of our study was that we 
included subgroup studies based on asthma and 
allergic rhinitis. The immune system’s shift towards 
a pro-allergenic Th2 response due to reduced micro-
bial exposure in early life is responsible for the Th1/
Th2 cell imbalance, resulting in the clinical manifes-
tation of asthma [54]. A recent study highlighted the 
major contributions of Th2 cytokines, such as IL4, 
IL13, and IL5, to asthma, while interferon-γ, a Th1 
cytokine, has recently been shown to maintain the 
chronic inflammatory response in asthma. During 

Table 2  Main and subgroup analysis of the risk of asthma and 
allergic rhinitis in urban compared to rural areas

Outcome Number of 
studies (n)

Hetero-
geneity 
(%)

Relative risk (95% 
confidence interval, 
p value)

Asthma 13 100 1.27 (1.12–1.44, p < 
0.001)

 0–2 years   2   93 3.10 (0.44–21.56, p 
= 0.25)

 0–6 years   6   95 1.21 (1.01–1.46, p = 
0.04)

 0–18 years 11   99 1.35 (1.12–1.63, p = 
0.002)

 USA   2   51 0.90 (0.81–0.99, p = 
0.04)

 Canada   4 100 1.39 (1.06–1.81, p = 
0.02)

 Europe   4 100 1.09 (0.85–1.41, p = 
0.50)

 Asia   3 100 1.68 (1.16–2.42, p = 
0.006)

Allergic rhinitis   4   98 1.17 (0.87–1.59, p = 
0.30)

 0–18 years   3   97 1.42 (0.46–4.39, p = 
0.55)

Fig. 2  Risk of asthma in 
urban residents compared to 
rural residents

Fig. 3  Risk of allergic 
rhinitis in urban residents 
compared to rural residents
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the early phase, allergen-specific T-cells are acti-
vated and play a central role in the development of 
allergic asthma [55]. Studies have shown that up to 
80% of childhood and 60% of adult asthma cases are 
linked to an unwarranted Th2 cell response to respira-
tory allergens [56]. Therefore, targeting Th2 modula-
tors with neutralizing antibodies may be a promising 
option for asthma patients.

The limitation of our study is that we included 
studies with high heterogeneity, including differences 
in criteria for classifying urban and rural areas in each 
included study. Because we only included articles 
published in English, the results may be biased. The 
statistical power of allergic rhinitis results is relatively 
low due to the small number of studies related to 
allergic rhinitis. Despite these limitations, it is impor-
tant to note that our findings showed a significantly 
higher incidence of asthma among urban residents.

Conclusion

The findings of this study offer epidemiological evi-
dence of an association between asthma and urban/
rural residency. Our analysis revealed that urban 
inhabitants have a greater likelihood of developing 
asthma than rural residents, although no statistically 
significant difference was found for allergic rhini-
tis. Additional investigation is necessary to examine 
the factors linked to asthma in children who live in 
urban settings.

Fig. 4  A funnel plot for risk of asthma

Table 3  GRADE approach for the primary outcome

a All included studies are observational in design
b Considerable heterogeneity (I2 > 50%)
c Very large sample size (over 4000)
d According to Egger’s regression test (p = 0.578)
e All included studies had an observational design, and there was a difference in adjusted variables depending on each study
f OR < 2.0
g Due to insufficient included studies to evaluate publication bias

Outcome Quality assessment

Required domains Additional domains Grade

Study limi-
tations

Consistency Directness 
of evidence

Precision Reporting 
bias

Dose-
response 
association

Plausible 
confounding 
that would 
decrease the 
observed 
effect

Strength of 
association 
(magnitude 
of effect)

Asthma Higha Inconsist-
entb

Indirect Precisec Undetectedd Undetected Presente Weakf Low

Allergic 
rhinitis

Higha Inconsist-
entb

Indirect Precisec Unestima-
bleg

Undetected Presente Weakf Very low
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