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PNEUMONIA SOLUTION LANDSCAPE - ASTHMA 

Asthma is a chronic inflammatory disorder of the airways that is estimated to affect more than 300 
million people worldwide (Masoli, Fabian et al. 2004). It is generally characterized by reversible 
airway obstruction, episodic wheezing, difficulty in breathing, and chest tightness (Stedman 2006). 
Pneumonia, in its various forms, causes millions of deaths annually, and some studies suggest that 
asthma may be a risk factor for pneumonia. This report compiles information about the global 
burden of asthma in children under 5 years of age, evidence of the association between 
asthma and pneumonia, and identified causes of chronic and acute asthma. In many cases 
information specific to the under 5 age group was unavailable, and in these situations we have 
provided data from other age groups to give general information. 

Respiratory infections are one of the most important causes of asthma exacerbation and 
may also contribute to the development of asthma (NHLBI 2007). There is evidence that 
respiratory infections early in infancy, particularly human rhinovirus (HRV) and respiratory 
syncytial virus (RSV), and early bronchiolitis and pneumonia may predispose children to 
developing asthma (Korppi, Kuikka et al. 1994; Zaman, Takeuchi et al. 2007; Jartti and Korppi 
2011). However, when wheezing is used as a proxy for asthma, this association can be difficult to 
assess because these infections can produce childhood wheezing without the development of 
clinical asthma. Furthermore, there remains some uncertainty about the strength of the causal 
relationship between respiratory infections and pneumonia and asthma development because 
unmeasured confounding from other factors (e.g., genetic characteristics) may predispose children 
to both more severe respiratory infections and to developing asthma. The relationship between 
asthma and pneumonia is further complicated by the fact that pneumonia and preexisting asthma 
interact such that pneumonia may trigger asthma symptoms, and airway obstruction and reduced 
respiratory capacity due to asthma may result in greater pneumonia severity (Victora, Fuchs et al. 
1994; Pereira and Escuder 1997; Mahalanabis, Gupta et al. 2002; MacIntyre, McIntyre et al. 2003).  

Clinical diagnosis of asthma is based on a history of episodic or chronic symptoms of airflow 
obstruction, response to treatment with albuterol, and spirometry and other pulmonary function 
testing to establish the presence of airflow obstruction, and the exclusion of alternative diagnoses 
(National Heart Lung and Blood Institute 1997). Unfortunately, surveillance for clinically diagnosed 
asthma is limited. Most estimates of asthma prevalence are based on wheezing. While wheezing is 
an important symptom of asthma, the presence of wheezing is not diagnostic of asthma. It is 
estimated that only 50% of wheezing in children is due to asthma, and therefore estimates of 
asthma prevalence that are based on wheezing must be interpreted with caution (Masoli, Fabian et 
al. 2004). 

1. BURDEN OF ASTHMA IN THE DEVELOPING WORLD 

GLOBAL ASTHMA BURDEN 

Numerous studies have attempted to determine the prevalence of asthma and asthma-like 
symptoms (e.g., wheezing) across countries (ECRHS 1996; ISAAC 1998; Sorvillo and Kerndt 
1998; Lai, Beasley et al. 2009; Sembajwe, Cifuentes et al. 2010). Direct comparison of these 
estimates is complicated by methodological differences between studies (Eder, Ege et al. 
2006). 
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Two large population surveillance studies have been conducted in an attempt to generate 
estimates of asthma prevalence that are comparable across countries. Most of the available 
information on worldwide asthma prevalence comes from the International Study of Asthma 
and Allergies in Childhood (ISAAC), which is a large multiphase epidemiologic study to 
measure the prevalence of asthma symptoms, rhinitis and eczema in almost 2 million children 
in 105 countries. The study was initiated in 1991 and has progressed through 3 phases. It 
employed simple standardized surveys conducted among representative samples of school 
children in two age groups (6 to 7 and 13 to 14 years) (Braman 2006). A second multi-center 
study, the European Community Respiratory Health Survey (ECRHS)  was started in 1990 
to assess asthma, primarily in European countries. 

ASTHMA MORBIDITY 

There is considerable variation in the prevalence of asthma globally (Figure 1). Estimates of 
asthma prevalence from population-based surveys indicate that asthma tends to be more 
common in developed compared to developing nations; however there are only l imited data 
with which to estimate the burden of asthma in the majority of African countries (Braman 
2006). Unfortunately, the large population surveillance studies did not examine children 
under the age of 6. Therefore, most information about asthma burden is drawn from older 
populations. Based on the limited available data, the prevalence of clinical asthma among 1 3-
14 year olds in resource poor areas ranges from as low as 1% in Indonesia to as high as 13% in 
Peru. 

Data from both ISAAC and ECRHS were summarized in a report by the Global Initiative for Asthma 
(GINA) (Masoli, Fabian et al. 2004). Highlights of this report are: 

 As many as 300 million people of all ages suffer from asthma. By 2025, it is expected 
that this number will rise to 400 million worldwide. 
 

 The rate of asthma increases as communities adopt western lifestyles and become 
urbanized. However, our current knowledge of the etiology of asthma does not explain the 
observed distribution of asthma. 
 

 The increase in the prevalence of asthma has been associated with an increase in 
atopic sensitization, and is paralleled by similar increases in other allergic disorders such 
as eczema and rhinitis. 
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FIGURE 1: ESTIMATED PREVALENCE OF CLINICAL ASTHMA AMONG 13-14 YEAR OLDS. THE 
NUMBER OF PREVALENT CASES WAS CALCULATED AS 50% OF THOSE REPORTING WHEEZING IN 
THE PAST 12 MONTHS (MASOLI, FABIAN ET AL. 2004). 

 

 

ASTHMA MORTALITY 

Each year, there are an estimated 250,000 asthma-related deaths worldwide (Bousquet and 
Khaltaev 2007), and asthma accounts for 15.3 million disability adjusted life years (DALYs) 
(Bousquet and Khaltaev 2007). It is estimated that asthma is responsible for about 1 in every 
250 deaths worldwide, of which many could be prevented with optimal access to medical 
care (Masoli, Fabian et al. 2004). While rates of hospitalization due to asthma are highest among 
those <5 years old, asthma mortality is higher among older age groups (>18 years old) (Akinbami 
2005; Akinbami, Moorman et al. 2011). Annual asthma mortality varies substantially, from as 
high as 2.3 per 100,000 persons in Kazakhstan to less than 0.1 per 100,000 persons in Iceland 
among those 5 to 34 years old (Figure 2) (Masoli, Fabian et al. 2004). There is also considerable 
variation in case fatality (asthma-related deaths among persons with asthma) in developing 
countries, with the highest asthma case fatality rates in China, South Africa, Mexico, and Columbia, 
all with ≥10 deaths per 100,000 cases (Figure 3) (Masoli, Fabian et al. 2004).  
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FIGURE 2: RANKING OF ASTHMA MORTALITY BY COUNTRY. ANNUAL ASTHMA DEATHS PER 
100,000 AMONG THOSE AGE 5-34 YEARS OLD (Masoli, Fabian et al. 2004). 
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FIGURE 3: CASE FATALITY AMONG CASES OF CLINICAL ASTHMA AMONG 5-34 YEAR OLDS 
(MASOLI, FABIAN ET AL. 2004). 

 

 

REGIONAL ASTHMA BURDEN 

There are limited data detailing the regional burden of asthma in developing countries. Below is a 
summary of the small number of studies identified (Table 1). In general, the highest self-reported 
history of asthma among 6-7 year olds was in Latin America (11.2%) and the lowest was in 
Africa (3.4%). In contrast, the highest reported history of severe symptoms among the same age 
group was in Africa (9.1%), and the lowest was in Asia-Pacific (3.2%). Variations in other 
conditions that produce childhood wheezing, as well as reporting bias, may account for some of 
these differences. 

TABLE 1: REGIONAL VARIATIONS IN ASTHMA BURDEN 

Reference 
Country/ 

Region 
Findings 

Global 

(Masoli, Fabian et 
al. 2004) 

Global There are wide variations in mortality rates among 
persons with asthma, ranging from as low 1.6 asthma-
related deaths per 100,000 asthmatics per year in Finland 
to as high as 37 asthma-related deaths per 100,000 
asthmatics per year in China 

(Lai, Beasley et al. 
2009) 

Global  9.4% of 6-7 year olds had a self-reported history of 
asthma  

 4.9% of 6-7 year olds had a recent history of severe 
asthma symptoms 

Asia 
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(Braman 2006) East Asia and 
Pacific 

Almost 44 million people in the East Asia/Pacific region 
have asthma, although the prevalence varies markedly 
throughout the region 

(Lai, Beasley et al. 
2009) 

Indian sub-
continent 

 4.5% of 6-7 year olds had a self-reported history of 
asthma  

 3.5% of 6-7 year olds had a recent history of severe 
asthma symptoms 

(Lai, Beasley et al. 
2009) 

Asia-Pacific  10.9% of 6-7 year olds had a self-reported history of 
asthma  

 3.2% of 6-7 year olds had a recent history of severe 
asthma symptoms 

(Chakravarthy, 
Singh et al. 2002) 

India In Tamil Nadu 5% of children under the age of 12 had 
previously been diagnosed with asthma 

(Wang, Tan et al. 
2004) 

Singapore Among children age 6-7 years old, prevalence of wheez-
ing in the past year decreased from 17% in 1994 to 10% 
in 2001 (p<0.001). However, over the same period, 
among those 12-15 years old, the prevalence of wheezing 
increased from 10% to 12% (p=0.015).  

Africa 

(Braman 2006) Africa At least 50 million individuals in Africa have asthma 

(Lai, Beasley et al. 
2009) 

Africa  3.4% of 6-7 year olds had a self-reported history of 
asthma  

 9.1% of 6-7 year olds had a recent history of severe 
asthma symptoms 

(Masoli, Fabian et 
al. 2004) 

South Africa Asthma prevalence in South Africa 8.1% 

(Zar, Ehrlich et al. 
2007) 

South Africa In the western cape of South Africa an estimated 13% of 
children (ages 2-6) are diagnosed with asthma, and of 
these, 37% have asthma symptoms each year 

(Sunyer, 
Mendendez et al. 
2001) 

Tanzania In a cohort of 4 year old Tanzanian children, 6.2% 
reported frequent wheezing 

Latin America 

(Braman 2006) Latin America At least 40 million individuals in South and Central 
America are estimated to have asthma. 

(Lai, Beasley et al. 
2009) 

Latin America  11.2% of 6-7 year olds had a self-reported history of 
asthma  

 7.8% of 6-7 year olds had a recent history of severe 
asthma symptoms 

(Masoli, Fabian et 
al. 2004) 

Latin America High prevalence of asthma has been reported in Peru 
(13.0%), Costa Rica (11.9%), and Brazil (11.4%) 

(Fischer, Camargos 
et al. 2005) 

Brazil In Brazil, the rate of admissions for asthma is around 
2.3/1000 inhabitants. Fifteen percent of all asthma 
admissions are from children under 5 years of age 
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2. LINKAGE OF ASTHMA TO PNEUMONIA MORTALITY OUTCOMES (E.G., ASTHMA 
EQUALS/DOES NOT EQUAL INCREASED RISK OF INFLUENZA LEADING TO PNEUMONIA) 

The Foundation requested data on the “linkage of asthma to pneumonia mortality outcomes (e.g., 
asthma equals/does not equal increased risk of influenza leading to pneumonia”). We conducted a 
search of PubMed using the search terms “pneumonia” AND “asthma” AND “influenza” and 
identified 164 papers. We restricted articles that we examined further by requiring them to report 
on asthma as a risk-factor for pneumonia or respiratory infection. We have provided information 
from studies addressing childhood pneumonia when possible; however, we have supplemented 
with information addressing all age ranges as well. We have also provided information from 
resource-poor settings when possible; however, due to a general dearth of information from 
resource-poor settings, we have also supplemented with information from resource-rich settings 
here. A description of identified studies can be found in Table 2 below. 

SUMMARY OF FINDINGS 

In reviews of hospitalization and causes of death due to community-acquired pneumonia and 
pneumonia associated with pandemic influenza (H1N1), asthma has been found to be a leading risk 
factor for complications leading to hospitalization and fatality. (Dawood 2011) Studies suggest 
frequent co-occurrence of asthma and respiratory infections in children, and significantly higher 
incidence of respiratory infection in children with asthma in resource-poor settings. (Nascimento-
Carvalho, Rocha et al. 2002)  

Findings from the table below show that asthma is indeed a risk factor for H1N1 hospitaliza-
tion. In India, 16% of hospitalized H1N1 cases also had asthma, while asthma is prevalent in only 
2.4% of the population. This follows similar trends seen in the United States, where 32% of H1N1 
patients were found to have asthma, while asthma population prevalence is only 8%. 
(Puvanalingam, Rajendiran et al. 2011) Additionally, despite the fact that individuals with asthma 
and other chronic pulmonary conditions are more vulnerable to influenza infection, surveys in the 
United States show that patients with asthma in low-income groups are less likely to have regular 
management of their asthma and are more likely to seek care in emergency departments as a result 
of severe upper respiratory tract infections (URTIs). (Dawood 2011) 
 
A meta-analysis in Canada found that in resource-rich countries the diagnosis of asthma as 
distinguished from respiratory tract infections (RTIs) amongst children is quite straightforward 
due to clearly defined clinical symptoms. However, understanding the link between asthma and 
RTIs is more complicated as there is a shared cyclical trend in incidence. Given that asthma 
exacerbations, RTIs, and pneumonia tend to occur concurrently, these diseases may share common 
etiological factors in high income countries. (Johnston 2007) In contrast, in Nigeria wheezing 
conditions such as asthma were found to increase the rate of URI-related hospitalization during 
rainy seasons, while pneumonia was found to cause more hospitalizations in the dry season. 
(Desalu, Ojo et al. 2011) 
 
While there have long been studies documenting the association between asthma and pneumonia 
amongst adults, there have been very few notable studies assessing the strength of the association 
amongst children. (Dawood 2011) However, in 2010 the Center for Disease Control and Prevention 
published results demonstrating that children with asthma in the United States were 40% more 
likely to develop pneumonia than other children, after adjustment for other factors. Asthma was a 
risk factor for pneumonia in children hospitalized for influenza, the gravity of which is highlighted 
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by the fact that children with asthma are more likely to develop influenza in the first place. Among 
5.3 million children aged 17 years or younger, asthma was the most common pre-existing condition 
amongst children who developed pneumonia, present in nearly 25% of children. (Dawood 2011) 
Therefore, children with asthma should have high priority for influenza vaccination. 
 
Similarly, in a birth-cohort study in children from low income populations in Chile, the main risk for 
bronchopneumonia during the first year of life was recurrent wheezing (a proxy for asthma). 
Researchers suggest that recurrent wheezing illness in infants from developing regions is the most 
important preventable risk factor for pneumonia and death due to acute lower respiratory infection 
(ALRI) in this group of age in general. (Mallol 2000)  
 
Interventions that have proven successful amongst low-income populations in the United States 
include training health workers to provide continuing preventative care and implementing 
community education campaigns. Training health workers has been shown to improve their ability 
to identify children with asthma and provide the appropriate care. Providing continuing education 
to health workers, emergency technicians, school personnel, and community members improves 
asthma awareness and self-management. (Mallol 2000) There is very minimal information on 
asthma-related interventions in developing countries, however during an asthma prevention 
program in São Paulo, Brazil researchers applied WHO international asthma guidelines for training 
and outreach in low-income areas. The intervention resulted in a decrease in emergency room 
visits and hospital admissions. There was also a significant decrease in asthma severity and 
impairment scores. The success of the intervention suggests that combining quality medical care 
with an aggressive educational intervention can reduce asthma symptoms, reduce asthma treat-
ment costs, and avoid dangerous complications from diseases such as influenza and pneumonia. 
(Cabral 1998) 
 
In conclusion, all of the studies identified in this report identify an association between asthma, 
URTIs, influenza, and pneumonia. The degree to which that association is causal is not known. The 
majority of the information available highlights high-income country experiences with a general 
dearth of information regarding the interrelationships between asthma, influenza, and pneumonia 
in low-income countries. All of the studies, however, recommend treating asthmatic children and 
adults early to decrease their susceptibility to complications such as influenza and pneumonia in 
the future. Researchers recommend that asthma treatment shift from crisis-oriented management 
to preventative management, particularly in resource-poor countries (Mallol 2000). 
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TABLE 2: THE LINKAGE OF ASTHMA TO PNEUMONIA MORTALITY OUTCOMES 

Study/ Ref Country Findings 

Asthma – Influenza – Pneumonia 

Case series study of the clinical profile of 
H1N1 swine flu influenza 

(Puvanalingam, Rajendiran et al. 2011) 

India Between 2009 and 2010, researchers found asthma to be a risk factor for complication of 
H1N1 infection leading to hospitalization. An estimated 16% of hospitalized H1N1 cases 
also had asthma, while the estimated population prevalence of asthma was 2.38%. Of the 
admitted adults with H1N1, 32.8% developed pneumonia complications while 19.69% of 
children developed pneumonia complications. 

Hospitalized Patients with 2009 H1N1 
Influenza in the United States, April–June 
2009 

(Jain, Kamimoto et al. 2009) 

United 
States 

A comprehensive review of hospitalized H1N1 cases in 2009 in the U.S. found asthma to be 
the most common underlying medical condition in both children (29%) and adults (27%). 
40% of H1N1 cases were found to have pneumonia.  

Children with asthma hospitalized with 
seasonal or pandemic influenza, 2003-
2009 

(Dawood 2011) 

United 
States 

During the 2003-2009 influenza seasons, 32% of children included in the study who were 
hospitalized with influenza had asthma; during the 2009 pandemic, 44% of children had 
asthma. Compared with asthmatic children with seasonal influenza, a higher proportion 
with 2009 H1N1 influenza were diagnosed with pneumonia (40% vs 46%; p=.04), whereas 
equal proportions had respiratory failure (5% vs 5%; p=.8) and died (1% vs 1%; p=.4). 
More asthmatic children with influenza A (seasonal or pandemic) had diagnoses of asthma 
exacerbations compared with those with influenza B (51% vs 29%; p<.01). 

Asthma – URIs 

Prospective Cross-Sectional study of the 
effects of SES on presentation with acute 
lower respiratory tract disease in 
children in Northeast Brazil 

(Nascimento-Carvalho, Rocha et al. 2002) 

Brazil In 3431 Brazilian children (median age = 1.9 years) the incidence of acute respiratory 
disease was significantly higher among children with asthma (62.7% vs. 50.8%, p=0.01). 
Children of lower SES had more serious lower respiratory tract disease, whereas children 
with pneumonia of middle to high SES had more allergic diseases (rhinitis, asthma) and 
wheezing. 
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Impact of Respiratory Virus Infections on 
Persons With Underlying Conditions 

(Glezen, Greenberg et al. 2000) 

United 
States 

Among patients hospitalized with acute respiratory tract conditions between July 1991 and 
June 1995 96.5% patients younger than 35 years had diagnoses of asthma while 25.6% of 
the older patients had diagnoses of asthma.  

Asthma – Pneumonia 

A case control study of the susceptibility 
of asthmatic children to respiratory 
infections 

(Pereira 1997) 

Brazil Wheezing diseases (a frequent proxy for asthma) were an important risk factor for 
pneumonia, with an OR of 7.07 (95% CI = 2.34-21.36) after controlling for bedroom 
crowding and family income. The risk of pneumonia attributable to wheezing diseases was 
tentatively calculated at 51.4%. 

The similarities and differences of 
epidemic cycles of chronic obstructive 
pulmonary disease and asthma exacerba-
tions. 

(Johnston 2007) 

Canada In a meta-analysis of surveillance studies for chronic obstructive pulmonary disease and 
asthma exacerbations, the majority of asthma and pneumonia cases in both children and 
adults occurred during peaks in cases of respiratory viral infections. The trends of asthma 
and pneumonia are synchronous, initialized by similar behavioral exposures in a cyclical 
yearly pattern. 

Pattern of respiratory diseases seen 
among adults in an emergency room in a 
resource-poor nation health facility 

(Desalu, Ojo et al. 2011) 

Nigeria Of the URI cases presenting in Nigerian emergency rooms between 2004 and 2010, 24.5% 
of patients had asthma complications. Amongst the same patients who died within the first 
24 hours 37% of the URI-associated mortalities were from pneumonia while 14.8% were 
associated with acute asthma attacks. 

Risk factors for community acquired 
pneumonia in adults: case-control study 

(Almirall, Bolíbar et al. 1999) 

Spain Among a large cohort of community-based pneumonia cases in 1993- 1995, asthma was 
significantly associated with community-based pneumonia incidence with an OR of 2.12 
amongst individuals with asthma compared to those without asthma (CI 1.01-4.47, 
p=0.052).  

Clinical characteristics of 74 pandemic 
H1N1 influenza patients from Turkey: 
Risk factors for fatality 
(Tutuncu, Ozturk et al. 2010) 

Turkey In a study of H1N1 cases conducted in Turkey in 2009, asthma was found to be a leading 
risk factor for pneumonia deaths caused by the H1N1 virus. More than two-thirds of 
patients (68.9%) had at least one underlying condition; most frequently chronic respirato-
ry disease, including asthma and diabetes.  
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 3. SOURCES OF ASTHMA AND STRENGTH OF EVIDENCE 

A plethora of studies and reviews have examined the relationship between onset of childhood 
asthma and various risk factors. Reviews do not always differentiate between acute and chronic 
asthma as the outcome of interest and accordingly, we have consolidated our findings into one 
category of childhood asthma. Sources of asthma can be grouped into broad categories of gender, 
lung function in early life, indoor risk factors, environmental risk factors, infectious diseases, pre- 
and perinatal risk factors, and medication use. 

GENDER 

 Until the age of puberty, childhood asthma tends to be more prevalent among male children, 
though an initial literature search could not identify an estimate of excess risk. The mechanisms 
for this association are poorly understood. Current theories consider early life immune factors, 
lung-specific factors and airway hyperresponsiveness as potential contributing factors. (Weiss 
and Gold 1995; Arruda, Sole et al. 2005) 

 

LUNG FUNCTION IN EARLY LIFE 

Poor lung function and airway hyperresponsiveness in early life have been associated with risk of 
childhood asthma, with an increase in risk ranging from ~60% to nearly four-fold higher. 
 

 Children displaying airway hyperresponsiveness at a previous clinic visit had an OR of onset of 
wheezing of 3.91 (95% CI 1.21-12.66), after adjusting for gender, current age in years, parental 
atopic and asthmatic status, personal smoking, exposure to passive smoke, any lower respirato-
ry infection before two years of age, and personal atopy. (Carey, Weiss et al. 1996) 

 Neonatal lung function test results below the median for the birth cohort was linked to 
development of asthma at 10 years of age with odds ratios ranging from 1.58-2.18. (Haland, 
Carlsen et al. 2006) 

 

INDOOR RISK FACTORS 

Indoor risk factors for childhood asthma include environmental tobacco smoke, traffic-related 
pollutants, allergic sensitivity to mites (but not mites alone), indoor dampness and mold, and 
increased NO2 concentrations and use of wood burning stoves (among infants). Mixed or inconclu-
sive findings were identified for household cleaning agents, NO2 from indoor gas cooking, volatile 
organic compounds, phthalates, polycyclic aromatic hydrocarbons, benzene, and household pets. 
Summaries of these studies are found below, with key risk estimates in Table 3. 

 Large body of evidence linking environmental tobacco smoke (ETS) to onset of childhood 
asthma. In one systematic review, the pooled OR of asthma associated with parental smoking 
was 1.21 (95% CI 1.10–1.34). (Heinrich 2011) 

 One recent meta-analysis found that indoor dampness and mold was associated with an 
adjusted OR of wheezing in childhood of 1.53 (95% CI 1.39–1.68) and other studies (see Table 
3) have supported this association. (Heinrich 2011) 
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 Among infants in the first year of life with an asthmatic sibling, increased NO2 concentrations 
(OR 1.52, 95% CI 1.04-2.21) and use of wood-burning stoves (OR 2.27, 95% CI 1.15-4.47) were 
associated with an increased risk of persistent cough or wheeze. (Belanger, Gent et al. 2006). 

 One recent systematic review concluded that there was suggestive evidence for a causal 
relationship between traffic-related pollutants (particulate matter, NO2, diesel soot, organic 
components) and onset of asthma in childhood. See Table 3 for risk estimates from several of 
the key studies. (Heinrich 2011) 

 There is little evidence that exposure to mites directly causes onset of asthma in children; 
however, there is evidence for an indirect link via an increased risk of allergic sensitization to 
mites, which is a major predictor for asthma (OR 3.23, 95% CI 1.00-10.40). (Porsbjerg, von 
Linstow et al. 2006; Heinrich 2011) 

 Increased indoor dampness that can lead to mold growth can also stimulate a proliferation of 
fungi, bacteria, amoebae, and house dust mites. Studies investigating the relationship between 
these various biological agents and child asthma have been inconclusive and were summarized 
in a recent systematic review. (Heinrich 2011) 

 Few high-quality studies have been conducted to assess the relationship between household 
cleaning agents and child asthma. Additionally, studies have found no indication that increased 
household cleanliness protects against asthma. (Heinrich 2011) 

 Studies examining the relationship between indoor nitrogen dioxide (NO2) from gas cooking 
and child asthma have found mixed results and one recent systematic review concluded there is 
insufficient evidence both in support of and against a causal relationship. (Heinrich 2011) 

 Several studies have found a positive association between volatile organic compounds (VOCs) 
caused by painting, renovation and redecoration and child asthma, but one systematic review 
has concluded the collective evidence for a positive association is insufficient. (Heinrich 2011) 

 Several studies have looked at the relationship between phthalates and child asthma, as well as 
formaldehyde and child asthma. There is insufficient evidence to draw conclusions about either 
association. (Heinrich 2011) 

 Studies looking at the relationship between polycyclic aromatic hydrocarbons (PAH’s) and child 
asthma, and indoor benzene and child asthma, have found little evidence for a causal relation-
ship. (Heinrich 2011) 

 Studies examining the relationship between household pets (e.g. dogs, cats) and pet derived 
allergens and asthma have found contradictory results. No conclusions can be made. (Heinrich 
2011) 

 

ENVIRONMENTAL RISK FACTORS 

The primary environmental risk factors for childhood asthma are particulate matter under 10µm 
(including pollen, molds, and other plant-based antigens), and vehicle emissions (in particular 
ozone, NO2, and sulfur dioxide). Studies of NO2 have reported inconsistent results. Summaries of 
these studies are found below, with key risk estimates in Table 3. 

 Several physiological studies have demonstrated that ozone, derived from vehicle emissions, 
has an immune-modulatory effect in asthmatic individuals. It has been shown to induce reactiv-
ity to bronchoconstrictors and inflammatory agents in asthmatic patients, priming antigen-
induced responses. (D'Amato, Liccardi et al. 2005) 

 Nitrogen dioxide is also a pollutant derived from vehicle emissions. As with indoor nitrogen 
dioxide pollution studies, results from long term epidemiological studies are inconclusive. If 
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there is an effect within asthmatic individuals, it is considered to be less potent than ozone. 
(D'Amato, Liccardi et al. 2005) 

 Sulfur dioxide is an outdoor air pollutant generated in the burning of fossil fuels. It has been 
shown to rapidly induce bronchoconstriction in asthmatic patients and can also enhance the 
response to other antigens. (D'Amato, Liccardi et al. 2005) 

 Particulate matter under 10µm and 2.5µm (including pollens and molds) are a major cause of 
damage to the respiratory tract, commonly causing acute respiratory inflammation. The inter-
action of chemical and plant pollutants has been shown to exacerbate the development of atopy. 
(D'Amato, Liccardi et al. 2005) 

 Diesel exhaust is a major source of both particulate matter and nitrogen dioxide. Diesel exhaust 
can prolong retention of allergens, amplifying immune response. (D'Amato, Liccardi et al. 2005) 

 Elements of pollen which are smaller than pollen grains (called “paucimicronic” particles) can 
penetrate easily into lower airways and remain suspended in air for longer periods than pollen 
itself, extending periods in which asthmatic patients experience symptoms. These are common-
ly released by osmotic shock during thunderstorms. (D'Amato, Liccardi et al. 2005) 

 Many studies have demonstrated that plant-based antigens other than pollen (e.g. Soybean 
dust) can induce asthma attacks. (D'Amato, Liccardi et al. 2005) 

 Climate changes such as temperature change, increased greenhouse gases, and changes in 
rainfall, may all effect air pollution and airborne antigens, and therefore the way that they in-
teract with each other to induce asthma. (D'Amato, Liccardi et al. 2005) 

 

INFECTIOUS DISEASES 

Some types of respiratory infections early in life may protect children from developing future 
asthma, whereas others may increase the risk of childhood asthma. The effects of non-respiratory 
infections are mixed:  some are associated with decreased risk (e.g. herpes viruses), whereas others 
have been associated with increased risk (e.g. malaria and Chlamydia pneumoniae). Summaries of 
these studies are found below, with key risk estimates in Table 3. 

 A longitudinal birth cohort study reported decreased odds of physician-diagnosed asthma at 7 
years of age (OR 0.52, 95% CI 0.29-0.92) associated with having had ≥ 2 episodes of runny nose 
before the age of 1 compared to having had ≤ 1 episode. (Illi, von Mutius et al. 2001) 

 The aforementioned birth cohort study found an increased risk of wheezing at age 7 (OR 3.37, 
95% CI 1.92-5.92) associated with having had ≥ 4 lower respiratory tract infections in the first 
3 years of life compared to having had ≤ 3 infections. (Illi, von Mutius et al. 2001) 

 The aforementioned birth cohort study found that having ≥1 viral infection of the herpes type in 
the first 3 years of life led to a decreased risk of asthma at age 7 (OR 0.48, 95% CI 0.26-0.89). 

 A separate birth cohort study found that RSV detection at age 1 was associated with an 
increased risk of asthma diagnosis by age 7 (OR 2.28, 95% CI 1.20-4.31). (Chan-Yeung, Hegele 
et al. 2008) 

 One study of Tanzanian children found that malaria infection was associated with an increased 
risk of both current wheezing (adjusted OR 6.84, 95% CI 1.84 -24.0) and persistent wheezing 
(adjusted OR 10.2, 95% CI 2.5-42.2). (Sunyer, Mendendez et al. 2001) 

 Past infection with Chlamydia pneumoniae may increase the risk for developing acute asthma. 
In a matched case control study individuals who had antibodies for C. pneumonia had approxi-
mately 7 times the risk of asthmatic bronchitis after respiratory illness (OR 7.2, 95% CI 2.2-
23.4). (Hahn, Dodge et al. 1991) 
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PRE- AND PERINATAL RISK FACTORS 

Pre- and perinatal risk factors associated with increased risk for childhood asthma include 
maternal smoking, caesarean section birth, and maternal history of asthma. Decreased risk has 
been observed for high maternal intake of vitamin E, and results are mixed for the role of preterm 
birth. Summaries of these studies are found below, with key risk estimates in Table 3. 

 One study in South Africa found that maternal smoking during pregnancy was strongly 
associated with current asthma in children, with an adjusted OR of 1.87 (95% CI 1.25-2.81). 
(Ehrlich, Du Toit et al. 1996) 

 One birth cohort study in Scotland reported that maternal total intake (diet + supplements) of 
vitamin E in the highest tertile was associated with reduced development of wheezing symp-
toms in two year old children, compared with intakes in the lowest tertile (adjusted OR 0.49). 
(Martindale, McNeill et al. 2005) 

 One Norwegian cohort study of 1.7 million singleton births found an increased risk of childhood 
asthma with cesarean section (HR 1.52, 95% CI 1.42 to 1.62). (Tollanes, Moster et al. 2008) 

 In a large cross-sectional study in Germany, the prevalence of childhood asthma was significant-
ly increased in premature girls (OR=2.6), especially in those who required mechanical ventila-
tion after birth (OR=3.7). However, a similar association was not identified among boys. (von 
Mutius, Nicolai et al. 1993) 

 One Tanzanian study of children found that maternal asthma is associated with an increased 
risk of current wheezing (adjusted OR 8.47, 95% CI 2.72 -26.2) and persistent wheezing (ad-
justed OR 14.3, 95% CI 3.5-58.1). (Sunyer, Mendendez et al. 2001) Similarly, a Costa Rican study 
found that maternal history of asthma was associated with an increased odds of asthma in chil-
dren aged 10-14 years (OR 2.4, 95% CI 1.1-5.3). (Soto-Quiros, Silverman et al. 2002) 

 

MEDICATION USE 

Contrary to early studies, recent studies of the effects of acetaminophen and exposure to antibiotics 
that adjust for confounding show no association with use of these medications and risk of childhood 
asthma. 

 Earlier studies reported an association between acetaminophen (i.e. paracetamol) use during 
childhood and onset of asthma. To reduce the risk of confounding bias, the Melbourne Atopy 
Cohort Study adjusted for the frequency of respiratory infections, which removed any observed 
association between acetaminophen use and asthma at age 6-7. (Lowe, Carlin et al. 2010) 

 One meta-analysis of 8 studies found that exposure to antibiotics during the first year of life was 
associated with an increased risk of childhood asthma (OR 2.05, 95% CI 1.41-2.99); however, 
when the authors stratified by study design (retrospective vs. prospective), they found that this 
association was only present in the retrospective studies suggesting uncontrolled confounding 
or recall bias. (Marra, Lynd et al. 2006) 

 

GENETIC RISK FACTORS 

A multitude of human and animal studies have shown that there are heritable risk factors for 
asthma, but neither the genes responsible nor the patterns of inheritance have been determined. 
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Despite many breakthroughs in the field of asthma genetics, there is currently no clinical use for 
knowing whether a given patient has genetic risk factors for asthma. (Barnes 2012) 

 An important barrier to the study of genetic risk factors for asthma is the lack of a gold standard 
diagnostic test for asthma. (Barnes 2012)  

 The majority of studies of asthma genetic risk factors have sampled white populations, despite 
the fact that African-based and Hispanic populations suffer disproportionate morbidity and 
mortality from asthma. One recent review reported that genetic studies in white populations 
represented 60 percent of the asthma genetics studies conducted between 1987 and 2005, and 
that only 3 percent of studies sample African-based populations. (Ober and Hoffjan 2006) 

 Adding to the complexity of asthma genetics studies is the observation that there are many 
likely gene-environment interactions in the pathway to asthma development. For example, one 
study of Australian twins demonstrated that 40% of the genetic liability for asthma was due to 
environmental factors. (Duffy, Martin et al. 1990) Other studies have demonstrated that living 
in a farming community, pet exposure, endotoxin exposure, environmental tobacco smoke ex-
posure, and dust mite exposure all potentially modify genetic liability for developing asthma. 
(Baldini, Lohman et al. 1999; Zambelli-Weiner, Ehrlich et al. 2005; Bouzigon, Corda et al. 2008; 
Sharma, Raby et al. 2009; Smit, Siroux et al. 2009) 
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TABLE 3: SOURCES OF ASTHMA AND STRENGTH OF EVIDENCE 

Study/ Ref Country  
(age range) 

Risk Factor Findings 

Low Resource Settings 

Risk factors for childhood 
asthma and wheezing. Im-
portance of maternal and 
household smoking 

(Ehrlich, Du Toit et al. 1996) 

South Africa 

(7-9yrs) 

Smoking during 
pregnancy 

OR 1.87 (95% CI 1.25-2.81) 

Prenatal risk factors of wheezing 
at the age of four years in 
Tanzania. 
 
(Sunyer, Mendendez et al. 2001) 

Tanzania 

(4yrs) 

Maternal Asthma Current wheezing: adjusted OR 8.47 (95% CI 
2.72 -26.2) 

Persistent wheezing: adjusted OR 14.3 (95% 
CI 3.5-58.1) 

Housing characteristics, home 
environmental factors and 
respiratory health in 3945 pre-
school children in China 

(Dong, Ma et al. 2008) 

China 

(1-6yrs) 

Visible molds Visible molds: RR 1.56 (95% CI1.13–2.16) for 
physician-diagnosed asthma 

 

Prenatal risk factors of wheezing 
at the age of four years in 
Tanzania 

(Sunyer, Mendendez et al. 2001) 

Tanzania 

(4yrs) 

Malaria Wheezing: OR 6.84 (95% CI 1.84 -24.0) 

Prolonged wheezing: OR 10.2 (95% CI 2.5-
42.2) 

High Income Settings 

Study/ Ref Country  
(age range) 

Risk Factor Findings 

Respiratory health and 
individual estimated exposure to 
traffic-related air pollutants in a 
cohort of young children 

(Morgenstern, Zutavern et al. 
2007) 

Germany 

(1yr) 

NO2, PM2.5 Distance to nearest main road less than 50 m: 
OR 1.23 (1.00–1.51) for asthmatic bronchitis 

Atopic diseases, allergic 
sensitization, and exposure to 
traffic-related air pollution in 
children 

(Morgenstern, Zutavern et al. 
2008) 

Germany 

(4yrs & 6yrs) 

NO2, PM2.5 Distance to nearest main road less than 50 m: 
OR 1.66 (95% CI 1.01–2.59) for physician-
diagnosed obstructive bronchitis or asthma 

Air pollution and development of 
asthma, allergy and infections in 
a birth cohort 

(Brauer, Hoek et al. 2007) 

Netherlands 

(4yrs) 

NO2, PM2.5 IQR of PM2.5: OR 1.32 (95% CI 1.04–1.69) for 
physician-diagnosed asthma 
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Meta-analyses of the associations 
of respiratory health effects with 
dampness and mold in homes 

(Fisk, Lei-Gomez et al. 2007) 

Various 

(<18yrs) 

Water leakage, floor 
moisture, visible 
dampness, condensa-
tion, mold odor 

Indoor dampness and mold: adjusted OR 1.53 
(95% CI 1.39–1.68) for wheezing in childhood 

Moisture damage and childhood 
asthma: a population-based 
incident case-control study 

(Pekkanen, Hyvarinen et al. 
2007) 

Finland 

(1-7yrs) 

Moisture damage to 
home 

Major moisture damage and presence of visible 
molds/mold spots in main living area: adjusted 
OR 2.46 (95% CI 1.09–5.55) for asthma 

Reduced lung function at birth 
and the risk of asthma at 10 
years of age 

 

(Haland, Carlsen et al. 2006) 

Norway 

(10yrs) 

Deficient neonatal 
lung function 

Children whose neonatal lung function was at 
or below the median were more likely  to have 
a history of asthma (24.3% vs. 16.2%, 
P=0.01), current asthma (14.6% vs. 7.5%, 
P=0.005), severe bronchial hyperresponsive-
ness, (9.1% vs. 4.9%, P=0.05) 

Airways responsiveness, wheeze 
onset, and recurrent asthma 
episodes in young adolescents 

(Carey, Weiss et al. 1996) 

USA 

(adolescents) 

Bronchial hyperre-
sponsiveness 

 Those with responsiveness and no history of 
wheeze had greater tendency to develop 
wheezing in the next visit:  OR 3.91 (95%CI 
1.21, 12.66) 

Early childhood infectious 
diseases and the development of 
asthma up to school age: a birth 
cohort study 
 
 
 
(Illi, von Mutius et al. 2001) 

Germany 
 
(9-11yrs) 
 
 
 
 
 

Runny nose before age 
1 (protective) 
 
Respiratory tract 
infections before age 3 
 
Herpes virus 
(protective) 
 

  
OR 0.52 (95% CI 0.29-0.92)  
 
 
OR 3.37 (95% CI 1.92-5.92)  
 
 
OR 0.48 (95% CI 0.26-0.89) 

Early environmental 
determinants of asthma risk in a 
high-risk birth cohort 

(Chan-Yeung, Hegele et al. 2008) 

Canada 

(7yrs) 

RSV at age 1 OR 2.28 (95% CI 1.20-4.31) 

Association of Chlamydia 
pneumoniae (strain TWAR) 
infection with wheezing, 
asthmatic bronchitis, and adult-
onset asthma 

(Hahn, Dodge et al. 1991) 

USA 

(adult) 

Chlamydia pneumoni-
ae antibodies 

OR 7.2 (95% CI 2.2-23.4) 

Antioxidant Intake in Pregnancy 
in Relation to Wheeze and 
Eczema in the First Two Years of 

Scotland 

(2yrs) 

Vitamin E (protective) Adjusted OR 0.42 (95% CI 0.22, 0.82) 
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Life 

(Martindale, McNeill et al. 2005) 

Cesarean section and risk of 
severe childhood asthma: a 
population-based cohort study 

(Tollanes, Moster et al. 2008) 

Norway 

(18yrs) 

Cesarean section HR 1.52 (95% CI 1.42 to 1.62) 

Prematurity as a risk factor for 
asthma in preadolescent 
children. 
 

(von Mutius, Nicolai et al. 1993) 

Germany 

(9-11yrs) 

Prematurity (girls 
only) 

Prematurity and 
mechanical ventilation 

OR 2.6 (95% CI 1.4, 4.7) 

 

OR 3.7 (95% CI 2.2, 6.4) 
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