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      The substantial upward trend in the reported prev-
alence of asthma in the latter part of the 20th 

century has been termed the “asthma epidemic.” 
Compared with 50 years ago, when only 2% to 4% of 
the population reported asthma,  1,2   recent data sug-
gest 15% to 20% or more of the general population in 
many countries suffer from asthma,  3-5   clearly a cause 
for concern. 

 There are many questions to be addressed in review-
ing this modern-day epidemic. Has the prevalence of 
asthma really increased? Is prevalence still increasing, 
has it reached a plateau, or is it even decreasing? Are 
the changes in prevalence global or population spe-

cifi c? Are the changes in prevalence evident across all 
levels of severity? What factors may underlie these 
changes? And fi nally, what further studies are needed 
to understand recent trends in the prevalence of 
asthma? 

 In 2006, Eder et al  4   highlighted substantial increases 
in the prevalence of asthma in children and young 
adults in almost every country where repeated popu-
lation-based surveys of the prevalence of asthma had 
been undertaken. The most striking increases were in 
westernized countries such as Australia, Canada, and 
the United Kingdom, which already had substantial 
rates of reported asthma, but signifi cant increases 
were also noted in Asia and eastern Europe, which 
had a much lower baseline prevalence. That the changes 
were not simply refl ective of diagnostic habits was 
suggested by the similar changes in reporting of the 
prevalence of asthma symptoms, irrespective of an 
asthma diagnosis. 

 Also in 2006, Asher et al  5   reported on global time 
trends in the prevalence of symptoms of asthma, 
allergic rhinoconjunctivitis, and eczema in childhood, 
using cross-sectional data from the International 
Study of Asthma and Allergies in Childhood (ISAAC), 
which was repeated in many countries with at least 

 The asthma epidemic of the last few decades may have peaked; studies suggest that the incidence 
and prevalence of asthma has decreased in some countries in the last few years, although other 
studies suggest continuing small increases in prevalence. Increasing awareness and changing 
diagnostic habits make precise evaluation of epidemiologic trends diffi cult in the absence of a 
gold-standard test for asthma, and on a global basis uncertainty persists. Trends in prevalence in 
some populations (eg, immigrants, farming communities) suggest both adverse and benefi cial 
effects of specifi c environmental factors. Although the effects of indoor allergens, dampness, and 
mold and of outdoor air pollutants, especially traffi c related, have traditionally dominated risk-
factor research, more recent epidemiologic and clinical studies have focused on metabolic and 
nutritional factors, including maternal obesity and vitamin D levels, mode of delivery and its effect 
on the infant microbiome, fetal and infant growth, the psychosocial environment, and medication 
use by mother and infant. It is likely that changes in incidence and prevalence are due to multiple 
factors, each contributing a relatively small effect. Longitudinal studies from pregnancy through 
childhood to adulthood will yield greater insights into the complex pathways leading to asthma. 
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The prevalence of three or more asthma-like symptoms 
decreased, yet the prevalence of doctor-diagnosed 
asthma increased steadily since 1985, suggesting a 
component of community awareness and changing 
diagnostic habit. 

 The prevalence of asthma in a population is related 
not only to the incidence of the disease but also to its 
duration, which refl ects persistence. In a national 
study of 333,294 patients with a recorded diagnosis of 
asthma, drawn from the health database of 422 Brit-
ish practices, the incidence of asthma decreased in all 
patients from the period of 2001 to 2005, from 6.9 to 
5.2 per 1,000 people.  14   Among children there was a 
38% reduction in incidence and a 34% reduction in 
lifetime prevalence of asthma, whereas among adults 
there was an age-dependent increase in lifetime prev-
alence ranging from 22% to 28%, refl ecting the per-
sistence of disease despite a lower incidence. 

 Is the Prevalence of Asthma 
Still Increasing? 

 Repeated use of identical screening questionnaires 
in serial cross-sectional studies in Italy between 1990 
and 2010 revealed an increase in the prevalence of 
asthma from 4.1% to 6.6%; wheezing increased from 
10.1% to 13.9%, and allergic rhinitis from 16.8% to 
25.8%.  15   Other studies reported increases in some 
communities but not others with similar genetic back-
ground; for example, Finnish Karelia showed an increase 
in asthma (5.5% to 8.1%) and hay fever (8.1% to 13.2%), 
but no such increases occurred in adjacent Russian 
Karelia, where there has been no evidence of an 
asthma epidemic.  16   In Ontario, Canada, age- and sex-
standardized asthma prevalence increased from 8.5% 
in 1996 to 13.3% in 2005, a relative increase of 55%.  17   
Asthma incidence increased in children by 30% but 
was relatively stable in adults. 

 In contrast to the reported increases, asthma prev-
alence in some populations appears to have reached 
a plateau or even decreased. In Greece, population 
surveys in 1978, 1991, 1998, 2003, and 2008 yielded 
prevalences of 1.5%, 4.6%, 6.0%, 6.9%, and 6.9%, 
respectively (ie, no change in the last 5 years).  18   In 
Turkey, surveys in 1992, 1997, 2002, and 2007 yielded 
prevalences for asthma of 8.3%, 9.8% 6.4%, and 
3.3%, respectively, with similar downward trends in 
hay fever and eczema.  19   The Aberdeen school survey, 
which was one of the fi rst to report increased preva-
lences in repeated surveys,  20   noted decreasing rates 
of wheezing in the last three surveys, which were 
conducted in 1999, 2004, and 2009 (27.9%, 25.2%, 
and 22.2%, respectively;  P   ,  .001) with a greater reduc-
tion seen in girls than boys.  21   In Merseyside children, 
doctor-diagnosed asthma increased from 1991 to 1998, 

5 years between surveys. For asthma ever, most 
countries reported an increase. However, for current 
wheezing, there was a trend toward a decrease in 
prevalence in those countries with initially higher 
prevalence and no consistent change in countries with 
modest or low prevalence. While there was an increase 
in the overall prevalence of asthma ever across the 
repeated surveys, the frequency of reporting four or 
more episodes in the last 12 months in several of the 
countries with higher prevalence (such as the United 
Kingdom and New Zealand) was lower in phase 3 
than in phase 1 of the ISAAC,  6   suggesting that the 
overall increase in asthma mainly refl ected milder 
disease. In countries with lower baseline prevalence, 
this differentiation of severity judged by frequency of 
episodes was less evident. 

 Difficulties in Studying the 
Epidemiology of Asthma 

 There are a number of specifi c diffi culties in studying 
the epidemiology of asthma. There is no standardized 
defi nition of the disease, and, increasingly, the hetero-
geneity of the “asthmas” is being recognized. There 
is no gold-standard diagnostic test, as symptoms, 
although still the best indicator of the presence of 
asthma, are nonspecifi c and have a signifi cant differ-
ential diagnosis.  7,8   Airway hyperresponsiveness (AHR) 
can be increased in a proportion of children who have 
never had symptoms of asthma  9,10   and likewise can be 
absent on the day of testing despite a clear history of 
symptoms over time that are fully consistent with 
asthma.  11   There is increasing community awareness 
of asthma, leading to changing diagnostic habits, and 
international classifi cation systems have also changed 
over time, all leading to diffi culties determining the 
reality and accuracy of reported trends. There is some 
evidence for overdiagnosis of asthma. Aaron et al  12   
studied adults with physician-diagnosed asthma, using 
objective testing of AHR and withdrawal of therapy 
to confi rm or negate the diagnosis, and reported that 
one-third of the adults assessed did not have suffi -
cient evidence on these objective measurements to 
validate the diagnosis. 

 Illustrating the diffi culties inherent because of 
increased community awareness is a study by Kälvesten 
and Bråbäck,  13   who examined time trends for the prev-
alence of asthma among schoolchildren in a Swedish 
district. Repeated cross-sectional surveys with iden-
tical study design were conducted among school-
children aged 7 to 16 years in 1985, 1995, and 2005 
(response rates were 91%, 94%, and 81%, respectively). 
There was an increased positive response to screen-
ing questions   on asthma between 1985 and 1995 
(10.0% to 14.5%) but no increase in 2005 (14.2%). 
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to farming environments (largely in childhood) con-
fi rmed an approximately 25% lower asthma preva-
lence among farm-exposed subjects compared with 
unexposed subjects; there was substantial heteroge-
neity across studies.  26   

 What Factors May Underlie 
Changes in Prevalence? 

 The last 2 decades have seen an explosion of research 
into the epidemiology of asthma, examining many 
risk factors from environmental to dietary to psycho-
social to medications, and associated gene-environment 
interactions and epigenetic effects. A comprehensive 
literature review and meta-analysis of these studies is 
outside the scope of this article. Rather than review 
all possible risk factors for asthma, this article high-
lights some putative risk factors in which trends in the 
frequency or intensity of particular exposures could 
possibly explain observed changes in prevalence. 

 Physical Environment 

 For decades, studies of risk factors for asthma have 
focused on indoor environmental exposures such as 
mold, dampness, indoor allergens (especially house 
dust mites and pet allergens), oxides of nitrogen asso-
ciated with gas cooking and heating, volatile organic 
compounds, and environmental tobacco smoke,  27,28   
and on outdoor air pollutants, including diesel parti-
cles, other petrochemicals, and particulates.  29,30   The 
question is whether any of these effects have become 
more evident in recent decades. Perhaps the main 
contender for consideration is traffi c-related air pol-
lution. The effects of this complex mixture (particulate 
matter, nitrogen oxides, carbon monoxide, and organic 
compounds) on asthma likely also depend on interac-
tions with multiple endogenous or exogenous factors, 
such as genetics,  31-33   co-exposures such as allergens 
and environmental tobacco smoke,  34   and psychosocial 
stress.  35,36   

 Metabolic and Nutritional Factors 

 More recently, epidemiologic and clinical studies 
have explored other parental and infant exposures 
and characteristics potentially impacting the risk of 
developing asthma. Rates of obesity in many popula-
tions are increasing, including in pregnant women.  37   
Maternal overweight during pregnancy has been asso-
ciated with childhood asthma, based on data from 
a Swedish registry study, with a clear dose-response 
relationship; if causal, this might explain 11% to 13% 
of childhood asthma.  38   Recent analyses from the 
ISAAC study found an association between consump-
tion of fast food three or more times per week with 

but in 2006 had decreased substantially (29.8% to 
19.4%,  P   ,  .001).  22   However, paternal and maternal 
asthma prevalence increased during that latter period 
(8.6% to 10.7% and 11.2% to 13.4%, respectively). 

 Anandan et al  23   undertook a systematic review of 
epidemiologic studies to assess the trends in preva-
lence of asthma. This review, which included cohort 
studies, repeat cross-sectional studies, and health-care 
datasets, identifi ed 48 studies satisfying inclusion cri-
teria. They concluded that overall, there were no signs of 
declining prevalence, and prevalence was still increas-
ing in many parts of the world. Reductions in emer-
gency health-care use were considered to refl ect better 
quality of care rather than a decrease in prevalence. 

 Studies of the prevalence of asthma are generally 
conducted in specifi c areas within countries and do 
not necessarily refl ect data from the entire popula-
tion; even with multiple cities and areas participating 
within a country, as in the ISAAC study,  5   results are 
still only applicable in the regions studied. The best 
evidence of changes in prevalence comes from repeated 
studies using the same questionnaires or investigations 
in the same population at suffi cient intervals of time. 

 Are Changes in Prevalence More Evident 
in Certain Populations or Environments? 

 Studies in immigrants have consistently indicated 
that those coming from a country of low asthma prev-
alence to one of higher prevalence develop an increased 
prevalence proportional to the duration of residence 
in the new country. Wang et al  24   compared prevalence 
data from ISAAC phase 3 studies conducted among 
13- to 14-year-old Chinese adolescents living in China 
and in Canada. Asthma prevalence was lowest in 
those born and still resident in China, with somewhat 
higher rates in those born in China but living in 
Canada for  ,  7 years and even higher rates in those 
born in China but living in Canada for 7 to 14 years. 
The highest rates were found in Chinese children 
born in Canada and living their whole life in Canada. 

 Motika et al  25   studied a communal farming com-
munity of Hutterites living in South Dakota. Repeated 
surveys, conducted from 1996 to 1997 and from 2006 
to 2009  , using questionnaires, lung function mea-
surements, methacholine AHR measurements, and 
measures of atopy, found an increase in asthma from 
7.5% to 11.1% ( P   5  .049) but no change in atopy 
(45.0% and 44.8%, respectively;  P   5  .95). The increase 
in asthma was almost exclusively seen in female 
patients, with a prevalence of 5.8% increasing to 
11.2% ( P   5  .02), whereas among male patients, the 
change in prevalence was insignifi cant (9.4% to 
10.9%,  P   5  .57). In contrast, a recent systematic review 
and meta-analysis of 39 studies of effects of exposure 
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prenatal stress in nonsensitized mothers, but not in 
sensitized mothers, was associated with childhood 
wheezing.  48   Pittman et al  49   examined the association 
of community stressors with childhood asthma prev-
alence in Winnipeg, Canada, using a birth-cohort study. 
After adjusting for individual risk factors, children 
living in birth homes in a neighborhood with a high 
rate of theft were twice as likely to have asthma; this 
marker of community stress explained more than 
one-half of the observed neighborhood variation in 
asthma prevalence. 

 Medications 

 Acetaminophen, commonly used for pain and fever 
in children over the last few decades since the risks 
associated with acetylsalicylic acid in children were 
recognized, may infl uence development of asthma 
through depletion of glutathione, a major antioxidant 
in the airways. Several studies suggest an association 
of acetaminophen use in pregnancy and early infancy 
with asthma in later childhood, but confounding by 
indication is diffi cult to exclude.  50   Respiratory viral 
infections leading to use of acetaminophen may induce 
changes in the airways leading to later asthma, or the 
apparent “ infection” may in fact be a manifestation 
of asthma not yet diagnosed.  51-53   Increasing prenatal 
exposure to acid-suppressive drugs may also be a risk 
factor for childhood asthma. A study using data from 
Danish medical registries to follow 197,600 single-
tons born between 1996 and 2008 found the relative 
risk of asthma following prenatal use of proton-pump 
inhibitors was 1.41 (95% CI, 1.27-1.56).  54   There was 
a similar risk associated with histamine-2-receptor 
antagonists, suggesting a class effect of gastric acid-
suppressive drugs or, alternatively, confounding by 
indication related to maternal gastroesophageal refl ux 
disease as a risk factor for childhood asthma. The effects 
of antibiotics on the risk of developing asthma remain 
controversial, with several studies reporting associ-
ations,  55-59   but reverse causation or confounding by 
indication is diffi cult to exclude.  60   

 Delivery by Cesarean Section 

 Several studies have shown differences in asthma 
outcomes according to mode of delivery, with a 10% 
to 20% higher rate of subsequent asthma associated 
with cesarean section.  61,62   Rates of cesarean section 
have increased, especially in Western countries.  63   
The lack of exposure to the vaginal microbiome may 
lead to altered immune development in the infant. 
Fecal microbiota profi les differ in infants delivered 
by cesarean section and persist to 6 weeks of age.  64-66   
Changing trends in antibiotic use by newborns may 
also alter infant microbiota profi les.  67   

severe asthma in adolescents and children, while fruit 
consumption three or more times per week appeared 
protective.  39   

 Fetal and infant growth may impact asthma symp-
toms in preschool children. The Generation R study, 
a population-based cohort study in Rotterdam, exam-
ined fetal growth estimated by second and third tri-
mester ultrasonography and measured infant growth 
at 3, 6, and 12 months.  40   Outcomes of asthma were 
assessed by annual parental questionnaire to age 
4 years. Accelerated infant growth from birth to 
3 months after normal fetal growth was associated 
with wheezing (OR, 1.44), dyspnea (OR, 1.32), dry 
cough (OR, 1.16), and persistent phlegm (OR, 1.30). 
However, there was no association with eczema 
(OR, 0.95). 

 In 2007, Litonjua and Weiss  41   suggested that the 
epidemiologic patterns seen in the asthma epidemic, 
including the increased risks associated with obesity, 
African American race, and recent immigrants to west-
ernized countries, may be explained by vitamin D 
defi ciency, due to more prosperous populations now 
spending more time indoors with less exposure to sun-
light. This hypothesis, and evidence supporting it, was 
recently reviewed by Paul et al.  42   There are several 
observational studies suggesting this linkage. Japanese 
children whose mothers had higher consumption of 
vitamin D during pregnancy ( .  25th percentile) had 
a signifi cantly reduced risk of wheeze at 16 months 
to 24 months of age (adjusted OR, 0.64; 95% CI, 
0.43-0.97).  43   Similarly, in Finland, maternal intake of 
vitamin D from food was negatively related to the risk 
of asthma (hazard ratio, 0.80; 95% CI, 0.64-0.99) and 
allergic rhinitis (hazard ratio, 0.85; 95% CI, 0.75-0.97).  44   
In a New Zealand cohort, cord blood 25(OH)D levels 
were inversely associated with the risk of wheezing 
by 15 months, 3 years, and 5 years of age (all  P   ,  .05), 
but there was no association with incident asthma at 
5 years.  45   Even later in childhood, serum vitamin D 
levels at age 6 years in an Australian cohort predicted 
subsequent atopy/asthma-associated phenotypes at 
age 14 years, especially in boys.  46   However, not all stud-
ies support this hypothesis; for example, in a Spanish 
birth cohort, higher maternal 25(OH)D at 12 weeks’ 
gestation was not associated with wheezing at 1 year 
or 4 years or asthma at age 4 to 6 years, although there 
were fewer respiratory tract infections in the children.  47   

 Stress 

 Parental stress, especially maternal prenatal stress, 
has been implicated as a risk factor for asthma. Is stress 
now more prevalent? An exposure-response relation-
ship between higher levels of stress and childhood 
wheeze was documented in a Boston cohort in which 
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delivery, use of antibiotics in early life, and maternal 
and early infant nutrition may shed new light on aspects 
of the “hygiene hypothesis” in terms of understanding 
and tracking the development of the infant microbiome 
and its infl uence on developing immunologic responses. 
Although cross-sectional stud ies have suggested many 
possible factors related to observed changes in the 
epidemiology of asthma, comprehensive multifaceted 
longitudinal studies are also needed to prospectively 
assess the complex gene-environment interactions 
underlying its development. 
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