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1            Introduction 

 People in modern societies spend the vast majority of their time in indoor environ-
ments, including homes, workplaces, schools, and public spaces. Hence, indoor 
environmental quality has a signifi cant impact on public health and well-being. 
Exposure or sensitization to indoor pollutants, including cigarette smoke (Hersoug 
et al.  2010 ), air pollution (Trupin et al.  2010 ), and allergens (Dottorini et al.  2007 ), 
is an important risk factor for asthma morbidity. Asthma, a common chronic respi-
ratory disease, has been a growing international issue because its prevalence has 
been expanding in adults and children. The burden of this disease on governmental 
healthcare systems, patients and their families is increasing worldwide. It is esti-
mated that there are approximately 300 million asthma patients worldwide and that 
15 million disability-adjusted life years are lost annually by those affl icted with 
asthma (Fukutomi et al.  2010 ). Asthma usually arises from an interaction between 
host and environmental factors. A rapid increase in asthma in recent years cannot be 
ascribed to changes in genetic factors, but rather, to changes in environmental fac-
tors. In addition to increased indoor air contaminant exposures, several social fac-
tors that may contribute to developing asthma morbidity have been studied; among 
factors that have been given widespread attention are geographical variations, 
socioeconomic status (SES), and ethnicity. 

 It has been suggested that, compared to urban dwellers, people living in rural 
areas generally have better health, along with fewer disabilities and long-term limit-
ing illnesses (Iversen et al.  2005 ). Moreover, rural residents smoke less, consume 
less alcohol, and are not as drug-dependent. Those residing in rural areas also have 
less psychiatric morbidity (   Romans et al. 2011). Although they suffer poorer sur-
vival rates from lung or colorectal cancer, as compared to those living in urban 
areas, rural people encounter greater barriers to receiving healthcare services (   Lu 
et al. 2010). Their access to care may be hindered by various factors, including 
inadequate insurance coverage, an undersupply of healthcare providers and facili-
ties, lack of transportation and a proper healthcare policy where they reside. 
Coherent evidence shows that differences in the prevalence of asthma morbidity 
between urban and rural areas exists (Yemaneberhan et al.  1997 ; Ellison-Loschmann 
et al.  2004 ; Smith et al.  2009 ). Such difference in the prevalence of asthma morbid-
ity may result from increasing urbanization, or from socioeconomic and cultural 
factors, as well as individual societal factors. 

 In Fig.  1 , we present a diagram of our understanding of the human exposure 
pathways and potential factors that affect human asthma susceptibility between 
urban and rural areas. In this model, different environmental urban-based exposures 
(e.g., particulate or gaseous air pollutants from vehicular traffi c, and industry), and 
similar ones in rural areas (e.g., indoor pollution from biomass fuel combustion, and 
keeping or herding animals) are known to potentially affect susceptible adult hosts. 
Such exposures may produce airway infl ammation and obstruction. However, there 
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are disparities between urban and rural areas in the prevalence of asthma and 
asthma-related symptoms. Susceptibility factors are specifi c to urban and rural 
areas, and these differences potentially infl uence the incidence of asthma between 
the two areas. Factors that may be important in susceptibility to asthma include 
sociodemographic characteristics, type of home environment, availability of health-
care services, meteorological or geographical differences, and degree of urbaniza-
tion. Furthermore, factors like atopy and specifi c genetic background of exposed 
persons infl uence host susceptibility to environmental stimuli.

   Because asthma and asthma-related symptoms constitutes a growing health 
problem around the world (Yu et al.  2011a ,  b ), we undertook to investigate the dis-
parities that exist between those living in urban vs. rural areas, in regard to the 
prevalence of asthma and asthma symptoms that they incur. In particular, we evalu-
ated the importance of geographic variations and their effects on asthma prevalence 
and morbidity among adults. In addition, we evaluated the possible causes of asthma 
morbidity between urban vs. rural residents. 

 This article extends our earlier work (Yu et al.  2011a ,  b ), in which we tried to 
determine the factors that affect the prevalence of asthma, allergy, and respiratory 
symptoms among adults, and whether rural/urban living has an effect on asthma 
prevalence. Investigating the differences that environmental risk factors pose to 
adults on prevalence of asthma and asthma-related symptoms in urban and rural 
locations may provide clues to the mechanisms by which asthma and asthma mor-
bidity occur, and may also uncover needs that are currently unmet.  
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  Fig. 1    A diagram of human exposure pathways and potential factors that affect adult asthma 
 susceptibility between urban and rural areas (PM10: particulate matter less than 10 microm in 
diameter; NO2: nitrogen dioxide; ETS: environmental tobacco smoke; HDM: house dust mite; 
temp: temperature)       
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2     Differences Between Urban and Rural Environments 

2.1     Adult Asthma Prevalence and Morbidity 
in Rural vs. Urban Areas 

 The prevalence of asthma throughout China has markedly increased in recent years, 
having previously been uncommon. Different indoor environmental quality and 
housing, human characteristics between urban and rural areas are likely to cause 
important differences in exposure to indoor environmental risk factors. Geographical 
variation in the prevalence of asthma and asthma-related symptoms may also be 
closely related to discrepancies in sociodemographic characteristics and other risk 
factors. For example, in North America, wood and natural gas are sources of heating 
fuel that are used in rural areas, coal is less frequently used, and depends on what is 
most readily available in a particular geographical region. 

 Differences in adult asthma prevalence and morbidity between rural and urban 
communities have been investigated by many researchers (Ellison-Loschmann et al. 
 2004 ; Jackson et al.  2007 ; Smith et al.  2009 ; Gao et al.  2011 ; Musafi ri et al.  2011 ; 
Frazier et al.  2012 ). Jackson et al. ( 2007 ) reported results of a 2000–2003 survey of 
lifetime asthma prevalence and trends in metro and nonmetro counties of the USA; 
they indicated that the prevalence of lifetime asthma diagnoses was 12% for metro-
politan counties and 11% for nonmetropolitan counties. The incidence of lifetime 
asthma diagnoses trended upwards across the rural–urban spectrum between 2000 
and 2003, and states with the highest 2003 prevalence and the greatest increase in 
prevalence among non-metropolitan residents were concentrated in the West Census 
region (e.g., Arizona and California). Asthma prevalence in non-metropolitan coun-
ties was highest for those aged 18–34 (15.9%), the unemployed (13.5%), American 
Indians (12.7%) and women (12.4%). The recommended approach for diagnosing 
and treating asthma, Jackson et al. ( 2007 ) concluded, may be more diffi cult to 
implement in rural counties. Smith et al. ( 2009 ) conducted one cross-sectional study 
in the USA and explored the risk factors associated with healthcare utilization 
among 3,013 Arizona Medicaid patients with asthma. Urban areas had higher rates 
of asthma-related hospital visits compared to rural counties, and adults had higher 
rates than adolescents, but there were no differences in asthma-costs between urban 
and rural areas. This suggested rural exacerbations may be more costly or severe. In 
Rwanda, Africa, Musafi ri et al. ( 2011 ) investigated the prevalence of atopy and 
asthma in an urban and a rural area. The prevalence of asthma was higher in the 
urban than in the rural area. Risk factors for asthma included allergy (OR: 4.01; CI: 
2.86–5.13), female gender (OR: 1.99; CI: 1.18–3.69) and living in a metropolis 
(OR: 3.62; CI: 2.12–5.78). 

 Gao et al. ( 2011 ) investigated the prevalence of asthma in China’s Qinghai 
Province in 24,341 adults between 2006 and 2007. The prevalence of asthma in 
rural, urban, half-farming and half-herding areas, and in pastoral areas was 0.64% 
(65/10,119), 0.27% (37/13,933), 0.15% (2/1,310) and 0.04% (1/2,489) respectively; 
the highest incidence was in rural areas and the lowest was in the pastoral areas. 
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In New Zealand, Ellison-Loschmann et al. ( 2004 ) observed regional patterns of 
asthma hospitalizations in Maori vs. non-Maori areas. The rate of asthma 
 hospitalization was higher for Maori than for non-Maori peoples in two different 
age- groups: 15–34 years RR = 1.31; and 35–74 years RR = 2.97. Moreover, the 
 differences were higher in rural areas (RR: 1.34 and 3.13) than in urban areas 
(RR: 1.22 and 2.79) (Ellison-Loschmann et al.  2004 ). 

 Frazier et al. ( 2012 ), in another study, found that the prevalence of self-reported 
current asthma among adults is similar in metropolitan and nonmetropolitan coun-
ties in Montana of the USA, although other sociodemographic differences existed.  

2.2     Combustion Products 

2.2.1     Environmental Tobacco Smoke 

 Environmental tobacco smoke (ETS) contains and delivers over 4,000 compounds 
to those who are exposed to it, and among the components are carcinogenic agents 
such as benzo(a)pyrenes, polycyclic aromatic compounds, and tobacco-specifi c 
nitrosamines (   Haverkos  2004 ). In 1993, the Environmental Protection Agency 
(EPA) classifi ed ETS as a known human carcinogen and estimated that ETS expo-
sure is responsible for approximately 3,000 lung cancer deaths each year among 
adult nonsmokers (USEPA  1993 ). Exposure to ETS has been associated with many 
detrimental health consequences, ranging from increased risk of asthma and asthma-
related symptoms to lung cancer. 

 Over the past decades, positive associations between development of asthma and 
asthma attacks have been reported in children that have existing disease and expo-
sure to ETS in the indoor environment. In contrast, data on the effects of ETS expo-
sure on adults with asthma are limited. Hersoug et al. ( 2010 ) found that indoor 
exposure to ETS is associated with respiratory symptoms and diminished lung func-
tion in adults (Hersoug et al.  2010 ). Furthermore, in one recent 10-year cohort study, 
Polosa et al. ( 2011 ) revealed that cigarette smoking is an important predictor of 
asthma severity and poor asthma control (Polosa et al.  2011 ). 

   Exposures to ETS and Smoking Behavior in Urban vs. Rural Areas 

    The relationship between adverse health impacts and ETS may be infl uenced by a 
disparity of geographic location (Ho et al.  2010 ). Collected evidence suggests that 
those residing in rural areas may be disproportionately affected by the health burden 
of tobacco use. For example, although China has made progress towards achieving a 
smoke-free environment, there remains a high degree of exposure to secondhand 
smoke. Xiao and colleagues ( 2010 ) have recently studied Chinese nonsmokers aged 
15 years and older ( n  = 13,354) to determine the extent of their secondhand smoke 
exposure. Results showed that 72.4% (556 million) were exposed to secondhand 
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smoke, with 52.5% (292 million) exposed to secondhand smoke daily. The prevalence 
of secondhand smoke (SHS) exposure was 70.5% for urban populations, and 74.2% 
for rural populations, respectively (Xiao et al.  2010 ). In addition, in another behavioral 
risk factor survey in the USA,    Vander Weg et al. ( 2011 ) suggested that adults residing 
in rural areas were signifi cantly more likely to smoke cigarettes, 22.2% vs. 17.3% 
(suburban) and 18.1% (urban); the exposure disparity resulted from both their own 
tobacco use and exposure to others’ cigarette smoke (Vander Weg et al.  2011 ).  

   Differences in Prevalence of Asthma and Asthma Morbidity Among Adult 
Smokers in Urban vs. Rural Areas 

 There is confl icting evidence about the risk of asthma and asthma-related symptoms 
in adults living in rural areas, compared to those living in urban areas (Woods et al. 
 2000 ; Zhang et al.  2002 ; Ghosh et al.  2008 ,  2009 ; Lâm et al.  2011 ). Two cross- 
sectional studies were performed that indicated the prevalence of asthma morbidity 
was higher among rural smokers (Woods et al.  2000 ; Ghosh et al.  2009 ), and another 
two suggested the opposite (Ghosh et al.  2008 ; Lâm et al.  2011 ). A survey of 11,223 
Canadian adults found that rural/urban locations modifi ed the relationship of asthma 
prevalence and smoking, but only among women. Female smokers and ex-smokers 
in rural areas were 1.4 times (95% CI: rural smokers = 1.02–1.94, and rural ex- 
smokers = 1.02–2.02) more likely to be diagnosed with asthma, in contrast to non-
smoking urban women. The reason that rural locations infl uence effects may result 
from females having more sensitive airways, may exacerbate respiratory symptoms 
from smoking and may have higher exposure to fumes and dusts in rural locations 
(Ghosh et al.  2009 ). A cross-sectional study of randomly selected young adult 
inhabitants (20–44 years old) in Australia produced similar results in south-eastern 
metropolitan Melbourne ( n  = 4,455) and rural south-western New South Wales 
( n  = 4,521). Respondents from the Riverina in New South Wales reported a signifi -
cantly higher prevalence of nocturnal dyspnea, chronic bronchitis, and asthma 
attacks in the previous 12 months, or ever having had asthma and doctor-diagnosed 
asthma, compared to those from Melbourne ( p  < 0.05). Riverina respondents 
reported a higher prevalence of smoking ( p  < 0.05) and smoked more cigarettes on 
average ( p  < 0.001) than Melbourne respondents (Woods et al.  2000 ). 

 By contrast, a cross-sectional study using the Canadian National Population 
Health data, collected from 1994 to 2000, showed that the prevalence of asthma 
among smokers and nonsmokers were more prominent in urban than in rural resi-
dents. Higher stress levels and lack of open spaces, compared with their rural coun-
terparts, may be possible reasons for the higher asthma prevalence among smokers 
living in urban areas. Environmental factors and exposure to secondhand smoke 
may be possible reasons for the higher asthma prevalence among nonsmokers in 
urban areas (Ghosh et al.  2008 ). In Vietnam, 3,008 subjects living in an inner city 
area of Hanoi and 4,000 in a rural area of Bavi, in northern Vietnam, were studied. 
Results show that the prevalence of asthma in adults may have increased in both 
urban and rural Vietnam. Nearly One half (49.7%) of the men living in the inner city 
area of Hanoi were smokers, as were a majority (67.8%) living in a rural area of 
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Bavi; by contrast, only a few percent of women in both areas were smokers. The 
prevalence of ever having had asthma in Hanoi was 5.6% (Bavi 3.9%;  p  = 0.003), 
with no major gender difference (Lâm et al.  2011 ). 

 The results of one study (Walraven et al.  2001 ) were inconsistent with others, 
because the study failed to link tobacco smoking to the onset of asthma in adults. 
These authors reported fi ndings of a large study performed among 2,166 partici-
pants in the urban population vs. 3,223 participants in the rural population in 
Gambia. In the urban population, 4.1% reported asthma-related symptoms, 3.6% 
reported doctor-diagnosed asthma, whereas in the rural population, these fi gures 
were 3.3% and 0.7%, respectively. Both male and female participants who lived in 
rural locations (42%) smoked more than those who lived in urban areas (34%). 
Notwithstanding that, the risk of asthma was not elevated in active smokers com-
pared with never-smokers.   

2.2.2     Coal and Biomass Fuels 

 Almost half the world’s population, and up to 90% of rural households in develop-
ing countries, still use solid fuels such as coal, fi rewood, wood chips, crop residue, 
and dung cakes for their domestic energy needs (Bruce et al.  2000 ). Indoor combus-
tion of coal or biomass fuels produces both gases and particulate matter that can 
affect the development and exacerbation of asthma. The best understood of these 
substances are particulate matter, carbon monoxide, sulfur oxides, nitrous oxides, 
volatile organic compounds (e.g., formaldehyde), and polycyclic organic matter 
such as benzo[a]pyrene. 

   Particulate Matter 

 It has been documented in epidemiologic studies that there is a relationship between 
air pollution from indoor combustion sources and asthma and asthma-related symp-
toms (Qian et al.  2007 ; Mishra  2003 ). Although such collective evidence supports 
the role of particulate matter (PM) exposure in the development of asthma, and as a 
potential risk factor of asthma exacerbations, the mechanisms by which cooking 
fuel smoke (mainly particulate matter) infl uence asthma are not well understood. It 
has been postulated that particulate matter may induce pulmonary health effects 
through oxidative stress and pro-infl ammatory effects, which have been documented 
to occur in both in vivo and in vitro studies (Lei et al.  2004 ; Riva et al.  2011 ). 

 Several studies have shown that pollutants from coal and biomass fuel combus-
tion can be present in environment of rural and urban areas (Mestl et al.  2007a ; 
   Jiang and Bell  2008 ; Fullerton et al.  2009 ; Colbeck et al.  2010a ,  b ). In a recent study 
from Pakistan, Colbeck et al. ( 2010a ) found high indoor levels of PM during cook-
ing, with concentrations in the range of 4,000–8,555 μg/m 3 . The average indoor–
outdoor ratios for PM 

10
  (1.74), PM 

2.5
  (2.49), and PM 

1
  (3.01) in the living rooms of a 

rural home vs. an urban one corresponded to the ratios of PM 
10

  (1.71), PM 
2.5

  (2.88), 
and PM 

1
  (3.47), respectively (Colbeck et al.  2010a ). 
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 Approximately, 3.1 million annual deaths in rural China are attributable to indoor 
air pollution (IAP) (Mestl et al.  2007b ).    Mestl et al. ( 2007a ,  b ) reported the largest 
exposure burden to be in counties that rely heavily on biomass for energy, such as 
China does. The average exposure is estimated at 340 ± 55 μg/m 3  in southern 
Chinese cities, and 440 ± 40 μg/m 3  in northern ones, whereas the average rural popu-
lation exposure was 750 ± 100 μg/m 3  and 680 ± 65 μg/m 3  in the south and north, 
respectively (Mestl et al.  2007a ). Furthermore, in another study from China, in 
which the PM 

10
  levels from biomass-burning in rural vs. non-biomass-burning 

urban households were compared, the monitoring results showed rural kitchen PM 
10

  
levels (202.1 ± 293.6 μg/m 3 ) to be three times higher than those in urban kitchens 
(67.00 ± 32.58 μg/m 3 ) during cooking. The highest PM 

2.5
  exposures occurred during 

cooking periods for urban and rural cooks. However, rural cooks (487.9 ± 874.9 μg/m 3 ) 
had 5.4 times higher PM 

2.5
  levels while cooking than did urban cooks (90.1 ± 120.9 μg/

m 3 ) (Jiang and Bell  2008 ). 
 Few authors, to date, have evaluated the relationship between adult asthma and 

asthma-related symptoms and domestic fuel combustion exposures in houses 
between urban and rural areas. A survey of 3,709 Chinese adults in Beijing, Anqing 
City, and rural communities in Anqing Prefecture disclosed signifi cant differences 
between study areas in the prevalence of chronic cough, chronic phlegm, wheezing 
and dyspnea ( p  < 0.05). The lowest prevalence of respiratory symptoms was 
observed in Anqing City, a higher prevalence occurred in rural Anqing, and the 
highest prevalence was observed in Beijing. In this study, median indoor concentra-
tions of PM 

10
  were similar in Anqing City (239 μg/m 3 ) and rural Anqing (248 μg/m 3 ), 

but were much higher in Beijing (557 μg/m 3 ), while median indoor concentrations 
of SO 

2
  were similar in all three areas (Venners et al.  2001 ). The measured indoor 

PM 
10

  concentrations in this study were far higher than the American Society of 
Heating, Refrigerating & Air-Conditioning Engineer (ASHRAE)’s standards for 
indoor 24-h average PM 

10
  of 150 μg/m 3  (ASHRAE  1989 ). 

 Although asthma is less common among rural populations where biomass fuels 
are in common use, compared with their urban counterparts, it should not be 
assumed that smoke exposure is not deleterious in these areas. The relationship 
between residential exposure to solid biomass fuels (animal dung, crop residue, and 
wood) and asthma morbidity was also examined in Nepal, in which a cross- sectional 
study ( n  = 168) of a representative sample of housewives was carried out (   Shrestha 
and Shrestha  2005 ). The prevalence of asthma morbidity, including cough, phlegm, 
breathlessness, wheezing and asthma were higher among those living in mud and 
brick houses, compared to concrete houses, and the prevalence was also higher 
among residents living on hills and in rural areas, in contrast to those living on fl at-
land and in urban areas.  

   Nitrogen Dioxide 

 Nitrogen dioxide (NO 
2
 ), a combustion by-product, is predominantly an indoor pollut-

ant, and the major source of exposure to it is from household appliances fuelled by 
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gas, particularly in households without fl ues for such gas appliances (Spengler et al. 
 1979 ). Inhaling high concentrations (>5 ppm) of NO 

2
  is associated with acute epithe-

lial damage, whereas exposure to lower concentrations that exist in urban areas or in 
an indoor environment can aggravate preexisting lung disease, including asthma 
(Persinger et al.  2001 ). To date, the relationships between asthma and asthma-related 
outcomes and indoor nitrogen dioxide exposures in urban vs. rural areas have rarely 
been investigated. The results of a recent study, in which the levels of NO 

2
  were 

assessed at a Pakistani urban and two rural sites were interesting. In winter, NO 
2
  con-

centrations at all three sites were higher in kitchens than living rooms or outdoors. 
During the summer, NO 

2
  levels fell sharply at both rural sites (respectively from 

256 μg/m 3  and 242 μg/m 3  to 51 μg/m 3  and 81 μg/m 3 ). However, at the urban site, the 
mean levels were slightly higher in summer (234 μg/m 3 ) than in winter (218 μg/m 3 ). 
Elevated NO 

2
  concentrations may pose a signifi cant threat to health and especially to 

the vulnerable population (e.g., women and children) (Colbeck et al.  2010b ). 
 The mechanisms by which inhaled NO 

2
  adversely affect human health are diffi -

cult to delineate. Sandstrom et al. ( 1992 ) reported that repeated exposure to 4 ppm 
of NO 

2
  may have adverse implication on local bronchial immunity by reducing total 

macrophages, B cells, NK lymphocytes, peripheral blood lymphocytes and by 
reducing the T-helper-inducer/T-cytotoxic-suppressor ratio in alveolar lavage 
(Sandstrom et al.  1992 ). In another study, it was demonstrated that NO 

2
  induced 

bronchial infl ammation and a minimal change in bronchoalveolar lavage T-helper 
cells (Solomon et al.  2000 ). Prior studies suggest nitrous acid (HONO), a molecule 
that can be formed as a primary product of gas combustion or by the reaction of NO 

2
  

with surface water, may contribute to adverse health outcomes previously attributed 
to NO 

2
  (Jarvis et al.  2005 ). The theoretical health risks of HONO include damage to 

the mucous membranes and lungs by direct contact with the acid, creation of carci-
nogenic nitrosamines secondary to the HONO combination with amines, and 
oxygen- free radical production through HONO photolysis in air (Peterson.  2012 ).    

2.3     Biological Contaminants 

 Biological contaminants include a wide variety of biological agents commonly 
found in indoor environments. These contaminants include the following: (1) viruses; 
(2) bacteria (and any related endotoxins); (3) allergens, including house dust mite 
allergens [ Dermatophagoides farinae  1 (Der f 1),  Dermatophagoides pteronyssinus  
(Der p 1)], and allergens from animal dander [cat ( Felis domesticus  1 (Fel d 1)), dog 
( Canis familiaris  1(Can f 1)), cockroach ( Blattella germanica  1 (Bla g 1 & 2)), and 
mouse ( Mus musculus  1 (Mus m 1)), mouse urinary protein (MUP) allergens], and 
fungi (including associated allergens, toxins, and irritants   ) (Yu et al.  2011a ,  b ). 
Exposure to indoor allergens and molds, together with building dampness, is an 
important risk factor for the asthma morbidity of the occupants. However, the role 
of indoor allergen sensitization in contributing to asthma and asthma-related symp-
toms, among adults, remains a subject of controversy. 
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 Geographic locations may have a predominant impact on the course of spore 
occurrence, biological contaminant levels, as well as on Seasonal Fungal Index 
(SFI) values. Biological contaminant levels and exposure characteristics in urban 
and rural areas have been compared in various studies (   Taksey and Craig  2001 ; 
Armentia et al.  2002 ;    Loureiro et al.  2005 ; El-Shazly et al.  2006 ;    Kasprzyk and 
Worek  2006 ; Guinea et al.  2006 ; Oliveira et al.  2009 ). 

2.3.1     Differences in Exposure to Fungal Allergens in Urban vs. Rural Areas 

 Several studies have suggested that exposure to fungal allergens could be different 
between urban and rural settings. The authors of one study in Poland’s urban/rural 
areas found several spore types, including Alternaria, Botrytis, Cladosporium, 
Epiccocum, Ganoderma, Pithomyces, Polythrincium, Stemphylium, Torula, and 
Drechslera, that were signifi cantly higher in rural than that in urban environments. 
Different habitat characteristics such as urbanization level, vegetation, and micro-
climate seem to play an important role in determining the composition and concen-
tration of the fungal airborne spore population in urban and rural areas (Kasprzyk 
and Worek  2006 ). In Spain, Guinea et al. ( 2006 ) observed that, despite the different 
sampling techniques employed, Aspergillus/Penicillium spore concentrations were 
more frequent in urban than in rural environments in Madrid. 

 Oliveira et al. ( 2009 ) investigated allergenic airborne fungal spores in urban and 
rural areas of Portugal. The mean daily spore concentrations in the rural and urban 
areas were 934 and 531 spores/m 3 , respectively. The most abundant fungal spore types 
in rural and urban locations were Cladosporium (59.5% vs. 62.7%), Agaricus (5.6% 
vs. 4.3%), Agrocybe (1.2% vs. 1.4%), Alternaria (1.1% vs. 1.0%), and Aspergillus/
Penicillium (0.9% vs. 1.1%) (Oliveira et al.  2009 ). In the USA, Taksey and Craig 
( 2001 ) found that different allergen levels do exist in different regions of the country. 
Allergies to dust mites, dogs, timothy grass, and ragweed are more often reported by 
residents in rural than in large metropolitan centers. In contrast, cockroach and 
Alternaria hypersensitivity were more common in large cities (Taksey and Craig  2001 ).  

2.3.2     Differences in Exposure to Endotoxins in Urban vs. Rural Areas 

 Asthma and asthma-related symptoms are highly prevalent in both urban and rural 
areas, and the prevalence of such symptoms has been closely related to bacterial 
endotoxins. Endotoxin levels have been studied in residential environments in urban 
and rural communities. In the USA,    Roy et al. ( 2003 ) quantitifi ed the bacterial DNA 
and endotoxin content in dust in urban vs. rural areas of Mississippi. Dust endotoxin 
levels in farm homes (mean, 22.1 mg/g dust), rural homes (6.3 mg/g), and farm 
barns (2.2 mg/g) are much higher than those in urban and nonfarm homes (0.6 mg/g) 
respectively (Roy et al.  2003 ). In addition, asthma hospitalization rates were signifi -
cantly higher among all demographic groups in the rural (Mississippi) Delta region 
compared with the urban Jackson Metropolitan Statistical Area ( p  < 0.001) (Roy 
et al. 2010).  
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2.3.3     Difference in the Prevalence of Allergic Diseases After Exposure 
to Biological Contaminants 

 Variability in urban–rural prevalence of asthma and asthma-related symptoms has 
been observed in many parts of the world (Nguyen et al.  2010 ). Several authors of 
international studies have reported that exposure of sensitized asthmatics to aller-
gens affected asthma prevalence and morbidity in urban vs. rural areas. 

 Residents living in urban areas are more likely to experience asthma respiratory 
symptoms than those living in rural areas (Eduard et al.  2004 ;    Douwes et al. 2007). 
The relationship between geographic locations and prevalence of allergic diseases 
was examined by monitoring trends and determinants of cardiovascular disease in a 
European project. This project was called Multinational Monitoring of Trends and 
Determinants in Cardiovascular Disease (MONICA), and was a cross-sectional 
study ( n  = 664) of a representative sample of adult aged 25–75 years in Germany 
(Filipiak et al.  2001 ). Results were that, apart from asthma and sensitization against 
house dust mite, signifi cant differences in risk of allergic rhinitis (OR. 1.5; 95% CI: 
1.2–1.9), atopic sensitization (OR. 1.2; 95% CI: 1.0–1.4) and sensitization against 
pollen (OR. 1.5; 95% CI: 1.2–1.9) were found in urban vs. rural residents. Given 
that protective rural effects exist in allergic rhinitis, farmers may experience lower 
risks in allergic rhinitis, atopic sensitization, and sensitization against pollen and 
mites, in contrast to rural non-farming residents. 

 In a cross-sectional study performed with 55 patients in Poland, the differences 
in clinical test results were examined for patients suffering bronchial asthma. Some 
patients lived in rural, and some in urban areas. In this study, signifi cant ( p  < 0.05) 
disturbances in respiratory parameters were found in 23% of patients living in the 
city, and in 50% of subjects from the rural area. The level of IgE against grass pol-
lens was signifi cantly ( p  < 0.01) higher in urban residents. The results showed 
important differences between clinical manifestation of asthma in rural and urban 
patients, and indicated that a difference in etiology may play an important role in 
asthma development (Krawczyk et al.  2003 ). 

 In contrast to other studies, one multicentre study from Turkey found a direct 
association between allergic diseases and visible mold at home. Living in a house 
with visible mold increased the risk of respiratory illnesses such as asthma and 
wheezing, especially in rural areas (Kurt et al.  2009 ). 

 Migration from rural to urban areas also may increase the risk of allergy. In 
Denmark, a prospective population-based study performed over an 8-year observa-
tion period showed that adults who had migrated from rural to an urban area 
(Copenhagen) were at increased risk of developing an allergy (OR: 3.4, 95% CI, 
1.6–7.2). This fi nding showed that persons migrating from rural to urban areas may 
acquire some new risk factors in the urban environment, or may lose some protec-
tive factors resulting from life in the rural environment, thus decreasing immune 
tolerance and increasing allergy risk (   Linneberg  2005 ).  
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2.3.4     Protective Effects of Rural Living on Development of Asthma 
and Asthma Morbidity 

 Previous studies have disclosed that people living in urban- or Western-lifestyle 
countries appear to be subject to higher asthma mortality. Exposure to livestock was 
increasingly associated with a decreased burden of asthma-related diseases (Ghosh 
et al.  2008 ). Protective factors were associated with farm milk operations that started 
very early in life (von Mutius and Vercelli  2010 ), rural ways of living (Viinanen 
et al.  2007 ; Anastassakis et al.  2010 ), and having had early childhood infections 
(e.g., parasitic infections) (Yemaneberhan et al.  1997 ; Nyan et al.  2001 ), as well as 
bacterial exposure from animals in rural settings (Senthilselvan et al.  2003 ). The 
mechanism for this is unclear. It was pointed out in early studies that the immune 
system, when exposed to high levels of allergens, or children when exposed early to 
infections, may induce forms of immune tolerance or immunological response; it is 
such events that reduce the risk of developing asthma (von Mutius et al.  2000 ;    Busse 
and Lemanske  2001 ). 

 Numerous studies have shown that rural living is protective against asthma and 
asthma morbidity. To assess whether children who grow up in a farming environ-
ment have been protected against a general increase in atopic disorders in Sweden, 
Bråbäck et al. ( 2004 ) used the Swedish Military Service Conscription Register, the 
Register of the Total Population and the Population and Housing Censuses data to 
conclude and report the following: the adjusted risk ratios for asthma in conscripts 
from farming vs. non-farming families were 1.00 (95% CI, 0.93–1.07), 0.94 (95% 
CI, 0.88–1.01), and 0.85 (95% CI, 0.79–0.91) in conscripts born in 1952–1961, 
1962–1971, and 1972–1981, respectively. An inverse association was observed 
between farm living and asthma. The protective effect of growing up on a farm on 
the risk of asthma appears to be a fairly recent phenomenon (Bråbäck et al.  2004 ). 

 It is possible that the farming environment and rural lifestyle may be associated 
with an unknown “protective farming” effect, in terms of the disparity of prevalence 
of asthma morbidity in urban vs. rural communities. In another cross-sectional ques-
tionnaire survey of 9,453 Mongolian residents (Viinanen et al.  2005 ), a subgroup of 
869 underwent skin prick tests, spirometry and bronchodilation, or methacholine- 
challenge testing. In this subgroup, the prevalence of asthma, allergic rhinoconjunc-
tivitis, and allergic sensitization (with 95% CI) were 1.1% (0.3–2.0%), 9.3% 
(4.0–14.6%), and 13.6% (7.4–19.9%) in Mongolian villages, 2.4% (1.4–3.5%), 
12.9% (8.2–17.7%), and 25.3% (17.1–33.6%) in rural towns and 2.1% (1.3–3.0%), 
18.4% (13.3–23.4%), and 31.0% (24.5–37.5%) in Ulaanbaatar city. The authors 
implied that the prevalence of atopic diseases was lower in rural than in suburban or 
urban areas. Moreover, rural living environments (e.g., presence of herd animals, 
fermented milk products exposure) protected against atopy (Viinanen et al.  2005 ). 

 Furthermore, in a large study in Scotland, Iversen et al. ( 2005 ) investigated rural/
urban differences in the prevalence of self-reported asthma and asthma-related 
symptoms. In this study, a signifi cantly lower prevalence of asthma (adjusted OR, 
0.59; 95% CI, 0.46–0.76) and eczema (adjusted OR, 0.67; 95% CI, 0.52–0.87) were 
reported in rural than urban areas, as were the prevalence of persistent cough, 
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phlegm, breathlessness, and wheezing, although no cause and effect relationship 
was found. The investigators inferred that rural residency may be associated with 
better health status because of the protective role afforded by the presence of live-
stock against allergy among subjects (Iversen et al.  2005 ). 

 Another cross-sectional study was performed on university students from Finland 
who spent their childhoods either on a farm or in a nonfarm environment (   Kilpeläinen 
et al.  2001 ). In this study, a total of 10,667 subjects aged 18–25 years were recruited. 
Current asthma was found to exist in 3.1% of subjects having lived childhoods in a 
farm environment; the corresponding number for those living in a nonfarm environ-
ment was 12.4% (OR: 0.22; 95% CI, 0.07–0.70). A more moderate or severe bron-
chial hyperreactivity (methacholine PD 

20
  FEV 

1
  ≤ 600 μg) was found among subjects 

who resided as children in a nonfarm environment. Cat-specifi c IgE was signifi -
cantly negatively associated with a childhood in a farm environment (1.5% vs. 
13.1%; OR: 0.10, 95% CI, 0.02–0.47) (Kilpeläinen et al.  2001 ). 

 In addition, Raukas-Kivioja et al. ( 2007 ) reported a study of 1,346 Estonia adults 
aged 17–69 years, who lived in urban or suburban areas before the age of 5, and had 
a signifi cantly increased risk for allergic sensitization compared to those who were 
rural residents. In this study, the most common sensitizer in urban areas was cock-
roach allergens; whereas, in rural areas, the primary sensitizer was storage mites. 
Positive skin prick test (SPT) results were found in 27% vs. 40% of the study sub-
jects who had lived in a rural vs. urban environment during early childhood; the 
highest prevalence was found in the most heavily polluted urban areas (Raukas- 
Kivioja et al.  2007 ). 

 In previous studies that compared asthma prevalence between urban and rural 
settings, all fi ndings indicated decreased prevalence of asthma in rural areas. These 
results may result from the higher benefi cial exposure of rural populations to farm-
ing in general and to endotoxins (   Valet et al. 2009). The role of endotoxins in asthma 
is somewhat paradoxic for how they affect children and adults in rural environ-
ments.    Liu (2004) presumed that asthmatics are particularly sensitive to inhaled 
endotoxin, and inhalation induces both immediate and sustained airfl ow obstruc-
tion. The paradox of endotoxin exposure is that higher levels of exposure early in 
life may mitigate the later development of allergy and persistent asthma. With endo-
toxin exposure being signifi cantly higher in homes with animals and in farming 
households, where allergy and asthma are less likely to develop, endotoxin and 
other microbial exposures in early life may keep allergen sensitization and asthma 
from developing by promoting Th1-type immune development (Liu 2004).  

2.3.5     Atopy Associated with Asthma Among Adults Living 
in Rural and Urban Areas 

 The underlying factors that affect the course of asthma are not well understood in 
either rural or urban settings. Additionally, the interactions between atopy and envi-
ronmental exposure in modulating asthma have not been investigated intensively. 
Three scientifi c articles were identifi ed that associated atopy and asthma morbidity 
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in urban vs. rural areas. Ige et al. ( 2011 ) recently reported that atopy is related to 
adult asthma in rural and urban communities in southwest Nigeria. Asthmatics in 
both urban and rural settings had signifi cantly higher positive skin reactions to 
house dust mite, cockroach, mold, and mouse epithelium than did non-asthmatic 
controls ( p  < 0.05). Mean total serum IgE was also signifi cantly higher in asthmatics 
than in nonasthmatic controls (Ige et al.  2011 ). Another study performed by 
Lourenço et al. ( 2009 ) in Portugal demonstrated that asthma was more frequently 
associated with nonallergic rhinitis (NAR) than with allergic rhinitis (AR) among 
adults. Although sensitization profi les were not different between the urban and 
rural patients, AR prevalence was higher in urban asthmatic patients than in rural 
asthmatics (77.3 vs. 68.2;  p  = 0.009). Grass pollen and mites were the major sensi-
tizers for allergic rhinitis patients (Lourenço et al.  2009 ).    Aggarwal et al. ( 2006 ) 
studied 73,605 respondents in urban and rural areas in Chandigarh, Delhi, Kanpur, 
and Bangalore, India, and found that the overall prevalence of asthma was 2.38%. 
Residing in an urban area and having a history suggestive of atopy combined with 
other factors (e.g., the female gender, advancing age, and lower SES) were associ-
ated with signifi cantly higher odds of having asthma (Aggarwal et al. 2006).   

2.4     Air Pollution and Geographical and Meteorological 
Conditions 

2.4.1    Air Pollution 

 Outdoor air quality has a lesser or greater degree of infl uence on indoor air quality, 
depending on air exchange rates and the pollutant type involved. The major sources 
of air pollutants in the air of urban areas result from coal combustion, urban traffi c 
emissions, suspended building construction dusts and the chemical industry. 
Moreover, there has recently been a rapid increase in the number of motor vehicles 
in some communities, especially in developing countries (e.g., the number of motor 
vehicles in Guangzhou increased 3.71-fold from 97,200 in 2002 to 555,200 in 2006; 
 Guangzhou Statistics Yearbook 2007 ). This explosion of car ownership has pro-
duced traffi c gridlock along with a proliferation of auto fumes, as the city’s reliance 
on cars and trucks leaves its air with few reprieves. 

 People who live in urban areas tend to be more affected by asthma, allergy, and 
respiratory diseases than those who live in rural areas. Individuals exposed to higher 
levels of vehicular traffi c have a higher frequency of asthma morbidity than those 
less exposed to traffi c, which may explain some differences for those living in these 
two areas. Numerous authors have reported signifi cant health impacts associated 
with exposure to air pollutants (Mugusi et al.  2004 ; Smith et al.  2009 ). Although the 
mechanism by which air pollution affects the development of asthma and asthma- 
related symptoms is unclear, increasing evidence has shown that the elevated indoor/
outdoor levels of aeropollutants (e.g., particles from vehicular traffi c) may enhance 
the severity of asthma morbidity in urban and rural areas. 
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 Few measurements of aeropollutants in urban and rural areas have been reported 
in the scientifi c literature.    Matson ( 2005 ) reported that the concentration of ultrafi ne 
particles from air pollution was higher in the metropolitan area of Copenhagen 
than in the medium-sized city of Gothenburg, and was lowest in more rural sites 
(Matson  2005 ). 

 The relationship between asthma prevalence and morbidity and ambient air pol-
lution was studied in several previously published studies. In Australia, Woods et al. 
( 2000 ) reported that among residents who had asthmatic attacks in the previous 12 
those in Melbourne had a higher frequency of attacks than did residents of Riverina 
(a rural area). The impact from air pollution on the local population was greater in 
Melbourne than in Riverina (Woods et al.  2000 ). By contrast, one case–control 
study from Sweden explored 203 adult human cases, and 203 controls (aged 20–60 
years), for differences in risk of asthma from traffi c-related air pollution exposure at 
home. Differences were then compared between those living in urban and rural 
areas. Living in a rural area tended to increase the risk of developing asthma, when 
traffi c pollution was adjusted for. Rural living may, therefore, be seen as an indica-
tor of a certain lifestyle and of different exposure patterns (Modig et al.  2006 ). 

    Michnar et al. (2003) studied the incidence of allergic respiratory diseases 
between urban and rural areas against the environmental pollution level in Poland. 
They distributed a standard questionnaire to 1,223 adults living in randomly selected 
districts (Nałeczów, Puławy, Motycz-Lublin) of that country, wherein various levels 
of industrial pollution existed. No difference in bronchial asthma incidence was 
found in any of the districts, but the diagnosis rate of allergic rhinitis was higher in 
rural than in urban areas (Michnar et al. 2003). 

 To evaluate the extent to which climate and outdoor NO 
2
  pollution can explain 

the geographical variation in the prevalence of asthma and allergic rhinitis, a 
questionnaire- based survey of 18,873 adults (aged 20–44 years) was performed in 
Italy (de Marco et al.  2002 ). Those surveyed lived in 13 areas of northern Italy that 
enjoyed sub-continental and Mediterranean climates. Those living in the 
Mediterranean climate areas, characterized by higher annual mean temperature 
(16.2 °C vs. 12.9 °C) and lower NO 

2
  levels (31.46 μg/m 3  vs. 57.99 μg/m 3 ), had a 

signifi cantly higher prevalence of asthma morbidity ( p  < 0.001) than subcontinental 
ones did. The investigators presumed that air pollution from traffi c emissions 
may pose long-term adverse effects on adult pulmonary health such as asthma 
morbidity. 

 The World Health Organization cautiously concluded that traffi c-related air pol-
lution may enhance asthma development and exacerbate asthma-related symptoms, 
particularly among susceptible subgroups (   Heinrich and Wichmann  2004 ). 
Nevertheless, air pollution may not be a major risk factor for developing asthma; 
rather, it is merely a minor trigger in some individuals. For example, in some regions 
(e.g., China and Eastern Europe) that have a high concentration of some air pollut-
ants (e.g., PM 

10
  and SO 

2
 ), there is generally a low rate of asthma prevalence. In 

contrast, some regions that have low levels of air pollution, such as some parts of 
New Zealand, still experienced a high prevalence of asthma. This suggests that even 
though it is plausible that outdoor air pollution plays a role in the increasing preva-
lence of asthma morbidity, other causes exist. 
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 Study results from North America (Arif et al.  2004 ), Central America (Cooper 
et al.  2009 ), Europe (Filipiak et al.  2001 ), Asia (Viinanen et al.  2005 ), and Africa 
(Musafi ri et al.  2011 ) have shown that the prevalence of asthma, and the morbidity 
associated therewith, is higher in urban than in rural environments. This is particu-
larly true for pollinosis, whereas pollen counts are usually higher in urban than in 
rural areas (Armentia et al.  2002 ; Bousquet et al.  2008 ). 

 It has been demonstrated in several studies that plant pollen is present in both 
urban and rural environments. Armentia et al. ( 2002 ) reported that the protein con-
tent and allergenicity of  Lolium perenne  pollen was higher in urban than in rural 
areas. Such differences may explain why allergies to grass pollen more frequently 
occur in urban areas (Armentia et al.  2002 ). In comparing the distribution of pollen 
in urban and rural areas across an urbanization gradient, Bosch-Cano et al. ( 2011 ) 
found that the pollen burden from grass, ash, birch, alder, hornbeam, hazel and 
plantain exceeded the allergy threshold more often in rural than in urban settings, 
whereas, in urban areas, only plant-pollen quantities exceeded the allergy threshold 
more often than in rural areas (Bosch-Cano et al.  2011 ). 

 Asthma and asthma-related symptoms are common problems in both children 
and adults, but the causative pollen allergens vary by geographical area. Few aca-
demic studies have enumerated the correlation of asthma and/or allergen sensitivity 
with geography among adults.    Loureiro et al. ( 2005 ) revealed, in a large study of 
1,096 patients from Cova da Beira, Portugal, the frequency of aeroallergens sensiti-
zation. They compared the sensitization in urban vs. rural environments. 
Respectively, results of urban–rural sensitivity to various allergenic sources were as 
follows:  D. pteronyssinus  (32% vs. 34.7%), mold mixtures (15.3% vs.12%), cat 
dander (17.1% vs. 15.2%), grass mixtures (51.3% vs. 36.4%), and  Parietaria juda-
ica  (29.4% vs. 14%). The sensitization to indoor aeroallergens was lower than that 
to pollens. The authors assumed that pollution-enhanced sensitization to pollens 
occurred in the urban environment (Loureiro et al.  2005 ). Moreover, in Germany, 
Filipiak et al. ( 2001 ) reported that allergic rhinitis from sensitization to pollen was 
2.5 times (95% CI: 1.8–3.6) more prevalent in urban than in rural residents (Filipiak 
et al.  2001 ).  

2.4.2    Climatic and Geographic Factors 

 A potential role of various seasonal and meteorological factors in the etiology of 
asthma and asthma-related symptoms has long been suspected. There is evidence 
that climate may affect asthma symptom prevalence and frequency, either directly 
(e.g., via an effect of air temperature on airway responsiveness) or indirectly (e.g., 
via altered exposure to infections, aeroallergens, or air pollutants) (   Metintas and Kurt 
 2010 ; Franco et al.  2009 ; Hales et al.  1998 ; Verlato et al.  2002 ; Chen et al.  2006 ). 

 Different geographical and climatic properties (e.g., elevation, temperature, 
humidity) have a close relationship with asthma morbidity prevalence, such as aller-
gic rhinitis among adults in urban and rural areas. Many geographic locations have 
climates that are favorable to indoor mold growth, for example, in tropical areas that 
routinely have high humidity. 
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 In a national survey conducted in fi ve geographic regions in Thailand, 
Dejsomritrutai et al. ( 2006 ) found the prevalence of current diagnosed asthma in 
northeastern rural regions (2.05%) to be more prevalent than in central urban regions 
(1.66%). The higher temperatures and rainfall, together with higher incomes of resi-
dents of central regions vs. those living in northeast regions, were thought to account 
for differences in the prevalence of asthma in Thailand (Dejsomritrutai et al.  2006 ). 
Moreover, Lewis et al. ( 1997 ) studied 31,470 adults in New Zealand and found that 
a high frequency of asthma symptoms were experienced by New Zealand adults 
(15.2%); Maoris (22.1%) and women (17.0%) experienced a higher rate of such 
symptoms. This study also shows signifi cant urban–rural differences, as well as 
marked differences in prevalence among various rural areas (Lewis et al.  1997 ).   

2.5     Socioeconomic Characteristics and Healthcare Services 

 Recent evidence suggests that prevalence of asthma and rates of exacerbation (e.g., 
asthma attacks and related emergency room visits and hospitalizations) may, in fact, 
be higher than previously thought (Yu et al.  2011a ,  b ; Comhair et al.  2011 ; Nguyen 
et al.  2011 ). In addition, such outcomes, when they occur, are associated with geo-
graphic and socioeconomic circumstances. Identifying socioeconomic and regional 
factors that contribute to prevalence of asthma, allergy, and respiratory symptoms 
among adults is complicated. Such complications result from the infl uence of mul-
tiple demographic indicators, particularly race and income, and of system-level 
considerations such as hospital admission and prescription policies that may vary at 
the local level. In addition, poor SES may confound the relationship between indoor 
climate and respiratory disease, because SES is associated with both the exposure 
and the outcome variable (Skorge et al.  2005 ). 

 Many studies have shown that asthma continues to disproportionately affect 
minority and low-income groups. SES factors, such as cultural attitudes toward 
health (Ellison-Loschmann et al.  2004 ), low levels of education and income (Joshi 
et al.  2003 ), lack of healthcare coverage (Ansari et al.  2003 ), and poorly maintained 
housing, as well as poor hygiene conditions (e.g., cockroach, rodent, etc.) (   von 
Mutius and Vercelli  2010 ), which are the typical characteristics of rural areas, may 
contribute to the differences in the prevalence of asthma morbidity between urban 
and rural areas. Using the 2005 Behavioral Risk Factor Surveillance System 
(BRFSS) data from the USA, Morrison and coworkers ( 2009 ) investigated adult 
sociodemographic and health behavior contributions to asthma prevalence. After 
adjusting for sociodemographic and behavior characteristics, results were that no 
signifi cant difference existed for residents of urban vs. rural areas. However, asthma 
prevalence in metropolitan regions was less pronounced than those in remote areas 
(OR: 0.96; 95% CI, 0.90–1.02) (Morrison et al.  2009 ). In contrast, in a national 
study in Australia,    Cunningham ( 2010 ) reported asthma prevalence was higher 
for indigenous Australians than for nonindigenous Australians. The age and 
 sex- adjusted relative odds of contacting asthma was 1.2 (95% CI, 1.0–1.5) in the 
nonindigenous population vs. 1.0 (95% CI, 0.8–1.3) in the indigenous population. 
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The socioeconomic pattern of those contacting asthma among indigenous 
Australians is much less clear. This may be due, in part, to the episodic nature of 
asthma, and to the limited health literacy and/or limited access to health care of this 
group. It may also refl ect the importance of exposures to socioeconomic effects 
among the indigenous Australians, such as racism or other forms of discrimination, 
social marginalization and dispossession, chronic stress and/or exposure to violence 
(Cunningham  2010 ). 

 In India, Gaur et al. ( 2006 ) found that the prevalence of asthma among the rural, 
urban city and urban-slum adult population of Delhi were 13.34%, 7.9% and 
11.92%, respectively. The current prevalence of asthma was more pronounced if 
there was a history of family atopy, or where more vegetable debris, poor ventila-
tion, air pollution and increased human density were present. There was also an 
association with increased smoking habits. However, no signifi cant difference was 
noted in asthma prevalence between those living in urban and rural areas (Gaur 
et al.  2006 ). 

 More recently, an allergy report from Austria indicated that people with higher 
education levels, or those who are more highly qualifi ed for jobs and who live in 
urban areas are more likely to be affected by allergies than are people from lower 
socioeconomic levels or rural areas (Dorner et al.  2007 ). 

 Access to healthcare services is a marker of primary care quality, because acute 
episodes of asthma are avoidable if they are managed and appropriately treated in 
the community. Gaps in access to medical services between urban and rural areas 
exist, and include such things as convenience of transportation, range of services 
provided locally, as well as the cost for medical treatment. The previous literature 
indicates that a lack of medical services and specialists are more common in rural 
than in urban areas (Rural Healthy People  2010 ), and there is a low utilization effi -
ciency of hospice services in rural areas (Gessert et al.  2006 ); in addition, disparities 
exist in the threshold for admission to hospital or clinic care, between urban and 
rural physicians (Russo et al.  1999 ). 

 Several studies worldwide have demonstrated the differences that exist in access 
to healthcare services for those suffering asthma morbidity. In Hawaii, 4,318 adults, 
whose names were selected from insurance claims data, were studied and the results 
showed that the rate of offi ce visits after emergency department (ED) treatment for 
asthma was signifi cantly lower in rural compared to urban residents. Rural residents 
were less likely to receive follow-up care after ED visits (RR: 78, 95% CI, 0.63–
0.96,  p  = 0.02; adjusted for age, sex, and morbidity). Distance to care centers and 
number of available healthcare providers, rather than fi nancial aspects accounted 
for the differences (   Withy and Davis  2008 ). Ansari et al. ( 2003 ) reported trends and 
geographic variations in hospital admissions for asthma sufferers in Victoria. 
Asthma admission rates were consistently higher in rural than in metropolitan areas. 
Rural doctors were more likely to admit people to hospital care after light attacks, 
because of concern that their conditions might deteriorate before they could return 
to the hospital (i.e., considering that they lived further from the hospital than city 
dwellers do; Ansari et al.  2003 ). 
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 A cross-sectional study in Wellington, New Zealand was performed in which the 
regional variations in asthma hospital admission among Maori and non-Maori 
(Ellison-Loschmann et al.  2004 ) peoples were investigated. Asthma hospital admis-
sions were more prevalent for Maoris than for non-Maoris of different age groups: 
15–34 years relative risk (RR) = 1.31; 35–74 years RR = 2.97. The differences were 
somewhat higher in rural (RR: 1.34, 3.13 respectively) than in urban areas (RR: 
1.22, 2.79 respectively). The disparities among the urban and rural groups in asthma 
morbidity for those living in rural areas included inadequate access to appropriate 
health care (e.g., inadequate money for traveling to the doctor’s surgery, for paying 
doctor’s fees, for buying drugs, etc.), and poor asthma education and differential 
management of asthma. Mugusi et al. ( 2004 ) performed another study in Tanzania 
and in Cameroon on the prevalence of wheezing and on self-reported asthma and 
asthma care in urban vs. rural areas of the two countries. There were no consistent 
patterns of urban: rural prevalence. Although consistent patterns of urban–rural 
prevalence were not obvious, peak fl ow rates varied with age, peaking at 25–34 
years, and were higher in urban areas (age adjusted difference 22–70 L/min), and in 
the Tanzania populations. Asthma awareness (83–86% vs. 52–58%) and treatment 
(43–71% vs. 30–44%) of asthma was higher among those with a current wheeze in 
rural areas, compared with those in urban areas. Diagnosis by traditional healers 
and use of traditional remedies prevailed among self-reported asthmatic patients in 
rural Cameroon, and a major gap in clinical care, particularly in urban areas, was 
revealed (Mugusi et al.  2004 ). 

 Moreover, Roy found that asthma hospitalization rates were signifi cantly higher 
in rural Delta regions of Mississippi compared with the urban Jackson Metropolitan 
Statistical Area, especially among older adults (≥65 years) and blacks. Blacks with 
asthma are more likely to have multiple asthma hospitalizations in Mississippi. 
Higher odds of multiple asthma discharges for Delta residents were not explained 
by race, sex, age, or income, indicating that other contributing factors (e.g., 
environmental, social, and access to care factors) need to be further investigated 
(Roy et al. 2010).   

3     Conclusions 

 Asthma is a complex infl ammatory disease of multifactorial origin, and is infl u-
enced by both environmental and genetic factors. The disparities in asthma preva-
lence and morbidity among the world’s geographic locations are more likely to be 
associated with environmental exposures than genetic differences. In writing this 
article, we did fi nd some studies that addressed the question of disparities in the 
prevalence of asthma morbidity in various geographic locations (see Table  1 ). Some 
studies addressed differences in prevalence of asthma morbidity in relation to vari-
ous environmental or social factors (see Table  2 ). Most authors, who published on 
the topic of this paper, used a cross-sectional design in their experiments.
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    We reviewed 145 papers that pertained to the topic of this chapter. The key ques-
tion we addressed is whether there is a difference in the prevalence of asthma or 
asthma-related symptoms for people who live in rural vs. urban areas. The main 
conclusions we arrived at on reviewing this question are as follows:

    1.    Indoor environments infl uence asthma and asthma-related symptoms among 
adults in both urban and rural areas. 
 In most studies, reported IAQ and asthma morbidity data strongly indicated posi-
tive associations between indoor air pollution and adverse health effects in both 
urban and rural areas. Indoor factors most consistently associated with asthma 
and asthma-related symptoms in adults included fuel combustion, mold growth, 
and environmental tobacco smoke, in both rural and urban areas. Environmental 
exposures may increase an adult’s risk of developing asthma and also may 
increase the risk of asthma exacerbations.   

   2.    People living in urban areas often suffer greater asthma morbidity. 
 Asthma and asthma-related symptoms occurred more frequently in urban than in 
rural areas, and that difference correlated with environmental risk exposures, 
SES, and healthcare access. Environmental risk factors to which urban adults 
were more frequently exposed than rural adults were dust mites, high levels of 
vehicle emissions, and a westernized lifestyle. 

 Exposure to indoor biological contaminants in urban environment is com-
mon. A broad review of the literature for indoor environment generally suggests 
a relationship between microbe exposure and asthma prevalence and morbidity. 
The main risk factors for developing asthma in urban areas are atopy and allergy 
to house dust mites, followed by allergens from animal dander. House dust mite 
exposure may be a main reason for a higher diagnosis rate of asthma among 
adults living in urban vs. rural areas. 

   Table 1    Urban–rural differences in the prevalence of asthma   

 Study year  Reference and study location 

 Prevalence (%) 

 Urban area  Rural area 

 1994–1995  Filipiak et al. ( 2001 ), Germany  2.3  1.4 
 1994–2000  Ellison-Loschmann et al. ( 2004 ), New Zealand  1.4  1.7 
 1996  Yemaneberhan et al. ( 1997 ), Ethiopia  3.6  1.3 
 1996–1997  Walraven et al. ( 2001 ), Gambia  3.6  0.7 
 1999  Woods et al. ( 2000 ), Australia  9.0  12.0 
 1999  Venners et al. ( 2001 ), China  1.5  1.7 
 1999–2000  Viinanen et al. ( 2005 ), Mongolia  2.1  1.1 
 2000  Dejsomritrutai et al. ( 2006 ), Thailand  1.7  2.1 
 2000–2001  Ghosh et al. ( 2008 ), Canada  7.7  6.7 
 2001–2002  Iversen et al. ( 2005 ), Scotland  23.8  14.0 
 2005  Gaur et al. ( 2006 ), Delhi, India  10.2  13.3 
 2005  Morrison et al. ( 2009 ), the USA  7.8  7.9 
 2006–2007  Gao et al. ( 2011 ), Qinghai, China  0.3  0.6 
 2007–2008  Lâm et al. ( 2011 ), Vietnam  5.6  3.9 
 2008  Frazier et al. ( 2012 ), Montana, the USA  9.9  9.3 
 2008–2009  Musafi ri et al. ( 2011 ), Rwanda  9.3  8.3 
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 In addition, the prevalence of asthma morbidity increases with urbanization. 
High levels of vehicle emissions, Western lifestyles and degree of urbanization 
itself, may affect outdoor, and thereby indoor air quality. In urban areas, biomass 
fuels have been widely replaced by cleaner energy sources at home, such as gas 
and electricity, but in most developing countries, coal is still a major source of 
fuel for cooking and heating, particularly in winter. Noticeably, chemical emis-
sions from new building materials and furniture, such as formaldehyde, are prob-
lematic in urban settings. Moreover, exposure to ETS is common at home or at 
work in urban areas.   

   3.    The prevalence of asthma morbidity is less common in rural areas. 
 There is evidence that asthma prevalence and morbidity is less common in rural 
than in urban areas. The possible reasons are that rural residents are exposed 
early in life to stables and to farm milk production, and such exposures are pro-
tective against developing asthma morbidity. Even so, asthma morbidity is dis-
proportionately high among poor inner-city residents and in rural populations. A 
higher proportion of adult residents of nonmetropolitan areas were characterized 
as follows: aged 55 years or older, no previous college admission, low household 
income, no health insurance coverage, and could not see a doctor due to health-
care service availability, etc. 

 In rural areas, biomass fuels meet more than 70% of the rural energy needs 
( China Statistical Yearbook 1998 ). Progress in adopting modern energy sources 
in rural areas has been slow. Household use of traditional biomass fuels including 
fi rewood, wood chips, crop residue, dung cakes and coal are still widespread in 
rural areas. The rural poor depend upon biomass fuels for their basic cooking, and 
water- and space-heating needs. The most direct health impact comes from house-
hold energy use among the poor, who depend almost entirely on burning biomass 
fuels in simple cooking devices that are placed in inadequately ventilated spaces. 
Future research is needed to assess the long-term effects of biomass smoke on 
lung health among adults in rural areas. Given the extensive use of biomass fuels 
in rural areas, public health efforts in the developing world that are concerned 
with respiratory health should address the risks IAP exposure. In Fig.  1 , we sum-
marize the underlying susceptibility factors that contribute to discrepancies in the 
prevalence of asthma morbidity among adults in urban vs. rural areas.     

 Geographic differences in asthma susceptibility exist around the world. The rea-
son for the differences in asthma prevalence in rural and urban areas may be due to 
the fact that populations have different lifestyles and cultures, as well as different 
environmental exposures and different genetic backgrounds. Identifying geographic 
disparities in asthma hospitalizations is critical to implementing prevention strate-
gies, reducing morbidity, and improving healthcare fi nancing for clinical asthma 
treatment. Although evidence shows that differences in the prevalence of asthma do 
exist between urban and rural dwellers in many parts of the world, including in 
developed countries, data are inadequate to evaluate the extent to which different 
pollutant exposures contribute to asthma morbidity and severity of asthma between 
urban and rural areas. 
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 Finally, we addressed potential biases of the studies reviewed to prepare this 
paper. Most reviewed studies utilized a cross-sectional design, which limits their 
use for inferring causality of effect. What constituted an urban or rural area and how 
these were defi ned in terms of population density or numbers varied considerable 
among reviewed studies. Therefore, it is diffi cult to compare studies conducted in 
widely different geographies. Furthermore, comparisons are different because pop-
ulations have different lifestyles and cultures, as well as different environmental 
exposures and different genetic backgrounds. We suspect that the differences in how 
urban or rural areas were defi ned in different studies have affected some fi ndings of 
the association between increased respiratory symptoms from indoor exposures or 
risk factors. In previous studies, synergism or additive effects from multiple indoor 
environmental exposures have been reported. In contrast, few study authors of 
papers in this review claimed to have observed interactive effects from multifactor 
exposures in either rural or urban surveys.  

4     Summary 

 In this review, our aim was to examine the infl uence of geographic variations on 
asthma prevalence and morbidity among adults, which is important for improving 
our understanding, identifying the burden, and for developing and implementing 
interventions aimed at reducing asthma morbidity. Asthma is a complex infl amma-
tory disease of multifactorial origin, and is infl uenced by both environmental and 
genetic factors. The disparities in asthma prevalence and morbidity among the 
world’s geographic locations are more likely to be associated with environmental 
exposures than genetic differences. In writing this article, we found that the indoor 
factors most consistently associated with asthma and asthma-related symptoms in 
adults included fuel combustion, mold growth, and environmental tobacco smoke in 
both urban and rural areas. Asthma and asthma-related symptoms occurred more 
frequently in urban than in rural areas, and that difference correlated with environ-
mental risk exposures, SES, and healthcare access. Environmental risk factors to 
which urban adults were more frequently exposed than rural adults were dust mites, 
high levels of vehicle emissions, and a westernized lifestyle. 

 Exposure to indoor biological contaminants in the urban environment is com-
mon. The main risk factors for developing asthma in urban areas are atopy and 
allergy to house dust mites, followed by allergens from animal dander. House dust 
mite exposure may potentially explain differences in diagnosis of asthma prevalence 
and morbidity among adults in urban vs. rural areas. In addition, the prevalence of 
asthma morbidity increases with urbanization. High levels of vehicle emissions, 
Western lifestyles and degree of urbanization itself, may affect outdoor and thereby 
indoor air quality. In urban areas, biomass fuels have been widely replaced by 
cleaner energy sources at home, such as gas and electricity, but in most developing 
countries, coal is still a major source of fuel for cooking and heating, particularly in 
winter. Moreover, exposure to ETS is common at home or at work in urban areas. 
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 There is evidence that asthma prevalence and morbidity is less common in rural 
than in urban areas. The possible reasons are that rural residents are exposed early 
in life to stables and to farm milk production, and such exposures are protective 
against developing asthma morbidity. Even so, asthma morbidity is disproportion-
ately high among poor inner-city residents and in rural populations. A higher pro-
portion of adult residents of nonmetropolitan areas were characterized as follows: 
aged 55 years or older, no previous college admission, low household income, no 
health insurance coverage, and could not see a doctor due to healthcare service 
availability, etc. In rural areas, biomass fuels meet more than 70% of the rural 
energy needs. Progress in adopting modern energy sources in rural areas has been 
slow. The most direct health impact comes from household energy use among the 
poor, who depend almost entirely on burning biomass fuels in simple cooking 
devices that are placed in inadequately ventilated spaces. Prospective studies are 
needed to assess the long-term effects of biomass smoke on lung health among 
adults in rural areas. 

 Geographic differences in asthma susceptibility exist around the world. The rea-
son for the differences in asthma prevalence in rural and urban areas may be due to 
the fact that populations have different lifestyles and cultures, as well as different 
environmental exposures and different genetic backgrounds. Identifying geographic 
disparities in asthma hospitalizations is critical to implementing prevention strate-
gies, reducing morbidity, and improving healthcare fi nancing for clinical asthma 
treatment. Although evidence shows that differences in the prevalence of asthma do 
exist between urban and rural dwellers in many parts of the world, including in 
developed countries, data are inadequate to evaluate the extent to which different 
pollutant exposures contribute to asthma morbidity and severity of asthma between 
urban and rural areas.     
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