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Abstract
Background: Because asthma preferentially burdens persons with atopy, atopy is simplistically considered a primary
‘cause’ of asthma. Yet at the population level, the percentage
of asthma cases ‘attributable’ to atopy ranges from less than
10% to more than 60%. Seeking to understand the rationale
for the variability of atopy-attributable cases of asthma, we
systematically reviewed the results of our own previous epidemiological studies and several studies conducted by others in children. Methods: From each of the 37 random pediatric populations selected by a Medline search combining
the key words ‘IgE or skin tests or hypersensitivity, immediate’ with ‘epidemiological studies, cross-sectional, case-control, prevalence, longitudinal, epidemiology of asthma’ (12
from our previous pediatric surveys and a further 25 reported from 19 studies in children), we extracted the population
prevalence of asthma and atopy among asthmatic subjects
and among the nonasthmatic part of the population. Results: No correlation was found between the prevalence of
asthma (range 1.8–44.1%) and atopy (range 5.8–63.9%) in
these 37 populations of children (r = 0.052, p = 0.761). Nevertheless, the prevalence of atopy among asthmatics strictly
correlated with the prevalence of atopy in nonasthmatics
(r = 0.900, p ! 0.001, slope 1.364). Conclusion: The prevalence of asthma and atopy varies worldwide and at various
time points and independently undergoes the influence of
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powerful environmental factors. The almost perfect correlation we found between atopy in asthmatics and atopy in the
nonasthmatic part of the childhood population shows that
the prevalence of atopy in asthma depends on environmental factors that simultaneously induce atopy in asthmatic
and nonasthmatic subjects.
Copyright © 2007 S. Karger AG, Basel

Introduction

Epidemiological studies regularly disclose a strong association between asthma and atopy. In both adults and
children, the odds ratio (OR) for asthmatic individuals
being atopic varies between 2 and 7 [1, 2]. The standard
way of measuring the excess of atopy among asthmatics
compared with the rest of the population is to calculate
the ‘population attributable risk’. Despite being a statistical parameter, the term ‘population attributable risk’ is
frequently given its literal meaning, namely that ‘atopy is
a risk for asthma prevalence in the population’. The widely accepted pathogenetic theory is that in predisposed
subjects, allergenic exposure causes atopic sensitization
(overproduction of specific IgE), and when sensitized
subjects repeatedly experience exposure, the clinical
symptoms of asthma develop [1]. According to this view,
a variable (high) proportion of asthma cases are considered ‘atopic diseases’ (caused by atopy), and atopy is considered a primary cause of asthma [3–6], even in subjects
with negative allergen skin prick test (ASPT) responses
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[4, 7, 8]. These beliefs are supported by the fact that the
presence or absence of atopy is associated with disease
phenotypes that differ immunologically and clinically
(extrinsic vs. intrinsic asthma) [9–12].
Conversely, across different population studies, the
proportion of cases attributable to atopy varies widely
ranging from less than 10% to more than 60% of the reported cases of asthma [1, 2]. Moreover, several studies
designed to measure asthma and atopy in the same population at different times found the variations in the prevalence of asthma and atopy unrelated: significant increases in asthma were associated with unchanged atopy
[13, 14] and vice versa [15]. Therefore, the links between
asthma and atopy and their worldwide epidemiological
variability remain unexplained.
To clarify and interpret the relationship between asthma and atopy, we designed a systematic review addressing the findings from our previous surveys, single-center
studies [16–22] and results of similar epidemiological
studies available in the literature.

Material and Methods
Between 1983 and 2003, our group conducted 12 cross-sectional studies addressing cohorts of about 150–200 unselected
schoolchildren aged 9–10 years (all fourth-grade pupils in the elementary schools of semirural villages) from 4 countries. The
parents answered questions from a standardized administered
questionnaire concerning respiratory and allergic illnesses, and
all the children underwent an ASPT for common environmental
allergens.
Six of these studies were conducted in central Italy, north of
Rome (Ronciglione 1983, 1992, 1998, 2001 and 2003, and Guardea
2001), 3 in Poland (Starachowice 1998 and 2001, Legnica 2001), 2
in Libya (Samno and Al-Azyzia 2001) and 1 in Slovakia (Poprad
2003). These 12 studies included a cumulative number of 2,005
subjects. In all studies, the questionnaire definition of asthma was
an affirmative answer to the question ‘Has your child ever had
asthma (wheezing or whistling attacks noted by others)?’. Current
asthma in asthmatics was defined as an affirmative answer to the
question ‘Has your child had wheezing or whistling in the chest
in the past 12 months?’. ASPTs were performed using Pepy’s
method [23] in Ronciglione 1983 and1992, or the procedure suggested in the International Study of Asthma and Allergy in Children (ISAAC, Phase 2) [24] in all the other studies; in Ronciglione 1998, the same group of children underwent both procedures.
The results of these studies (except those in Poprad and Ronciglione 2003) have been reported in several publications [16–22]
(table 1, No. 1–12).
To compare our data with reported data, we chose the papers
selected by Pearce et al. [1], using the same criteria followed by
these investigators (Medline search, English language, key words
‘IgE or skin tests or hypersensitivity, immediate’, combined with
‘epidemiological studies, cross-sectional, case-control, preva-
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lence, longitudinal, epidemiology of asthma’). We searched the
literature for studies conducted in children (age range 5–18 years)
from 1980 onwards in unselected populations and reported data
on the prevalence of ‘asthma ever’ or ‘current asthma’ and atopy
in the asthmatic and nonasthmatic part of the population. Apart
from the 8 papers which Pearce et al. [1] reviewed in 1999 [7, 25–
31], we studied a further 11 papers [9, 11, 32–40] not reviewed by
Pearce et al. [1], even though 2 of them [32, 33] had already been
published when these authors did their review.
Unlike our 12 studies, which always rigorously followed the
same protocol, these 19 papers describe 25 populations of children (table 1, No. 13–37) that differed in many ways: the number
of studied subjects (range 172–27,275), race (including Europeans, Americans, Chinese, Malaysians, Australians and AndeanIndians), method of selection (national surveys, local transversal
studies and cohorts), age (range 5–18 years), definition of asthma
(including current, ‘ever’, doctor diagnosed, and history of wheezing), technique used for ASPTs (immunoreactivity set at 2 or
3 mm, or according to a score, or based on erythema alone) and
the number of tested allergens (range 4–16).
Statistical Methods
Atopy prevalence in both asthmatic and nonasthmatic persons was found to be normally distributed (Kolmogorov-Smirnoff
goodness of fit test). Pearson’s correlation coefficient (r) was used
to determine the relationship between the prevalence of atopy and
asthma, and between the prevalence of atopy in asthmatic and
nonasthmatic subjects. Linear regression analysis was used to assess the slope of the prevalence of atopy in asthma versus atopy in
nonasthmatic subjects: these slopes were compared by assessing
their mean difference and 95% confidence intervals (CI) [41].
Data were analyzed with the statistical software package SPSS 9.0
for Windows. Two-tailed p values ! 0.05 were considered statistically significant.

Results

In the 37 child populations that met the criteria for our
systematic review, the prevalence of asthma and atopy
varied widely (range 1.8–44.1 and 5.8–63.9%; table 1).
The difference in the prevalence of atopy between the
asthmatic and nonasthmatic part of each population
ranged from –7% (Samno, Libya) to 36.5% (Östersund,
Sweden). The 37 populations studied came from 5 continents (but only 1 from South America and only 2 from
Africa) and covered a time span of more than 30 years
(1971–2005).
No correlation was found between the prevalence of
asthma and the prevalence of atopy either in the 37 cohorts of children overall (r = 0.052, p = 0.761; fig. 1), by
separately analyzing our 12 unselected children populations (r = 0.450, p = 0.142) (table 1, No. 1–12) or the 25
children populations drawn from the literature (r = 0.080,
p = 0.704) (table 1, No. 13–37).
Ronchetti /Rennerova /Barreto /Villa

Table 1. Population-based studies reporting the prevalence rates of asthma and atopy in asthmatic and nonasthmatic persons

Setting

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Italy
Italy
Italy

Ronciglione (1983)
Ronciglione (1987)
Ronciglione (1998)

Poland
Italy
Italy
Poland
Poland
Libya
Libya
Italy
Slovakia
USA
USA
New Zealand
Sweden
Hong Kong
Malaysia
China
Germany
Germany
USA
UK
Estonia
Finland
Sweden
Estonia
Sweden
Sweden
Albania
UK
Peru
Australia
Australia
UK
USA
Australia

Starachowice (1998)
Ronciglione (2001)
Guardea (2001)
Starachowice (2001)
Legnica (2001)
Al Azizia (2001)
Samno (2001)
Ronciglione (2003)
Poprad (2003)
National study (1976)
Tucson (1971)
Dunedin (1985)
Ulmea (1987)
Hong Kong (1992)
Kota Kinabalu (1992)
San Bu (1992)
Munich (1989)
Leipzig, Halle (1991)
Tucson (1980)
Leicester (1995)
Tallinn, Tartu (1992)
Kuopio (1995)
Norrbotten (1996)
Tallinn (1996)
Linköping (1996)
Östersund (1996)
Tirana (2001)
West Sussex (2001)
Lima (1997)
Perth (1989)
Canberra (1999)
Ashford (1990)
Detroit (1987)
Perth (1995)

Reference

Asthma
%

Atopy
%

Atopy in
subjects with
asthma, %

Atopy in
subjects without
asthma, %

Number
of
children

16 (1988)
17 (1990)
18 (1992)
19 (2003)
20 (2003)
21–22 (2005)
21–22 (2005)
21–22 (2005)
21–22 (2005)
21–22 (2005)
21–22 (2005)

13.5
14.7
14.6

15.9
26.3
25.3

39.1
39.1
41.4

12.2
24.1
22.5

172
142
346

21.0
19.9
26.7
28.6
27.3
9.1
4.4
18.9
36.8
6.7
8.2
44.1
11.0
12.1
6.5
1.8
5.4
3.8
29.7
19.7
7.7
17.4
8.0
24.0
24.2
33.3
4.8
16.6
20.5
18.5
34.3
17.4
7.0
15.1

16.7
27.7
31.7
17.9
18.0
5.8
6.7
31.7
21.9
22.6
46.8
44.6
42.7
57.7
63.9
49.0
38.7
18.8
41.3
31.4
11.1
51.4
20.6
13.3
24.6
33.7
14.9
17.8
23.9
41.5
45.6
16.7
33.6
55.2

31.0
48.5
51.9
21.9
29.3
0
0
38.7
27
45.0
79.0
57.0
66.0
80.7
90.5
83.3
69.0
40.0
56.0
54.0
28.7
77.0
46.6
25.9
50.0
58.0
29.5
40.0
28.4
55.5
58.0
40.6
66.0
84.6

12.8
22.6
24.3
16.3
13.8
6.4
7.0
30.1
18.9
21.0
44.0
35.0
40.0
54.6
62.0
48.3
37.0
18.0
35.0
26.0
9.6
46.0
18.1
9.3
16.5
21.5
14.2
13.4
22.7
38.3
39.0
11.6
31.2
50.0

138
166
101
112
150
154
180
148
196
27,275
2,657
737
1,112
1,062
409
737
5,030
2,623
826
482
1,580
244
3,431
979
911
1,197
1,057
1,050
793
2,602
758
552
428
172

25 (1988)
7 (1989)
26 (1989)
27 (1994)
28 (1994)
28 (1994)
28 (1994)
29 (1994)
29 (1994)
30 (1995)
31 (1995)
32 (1995)
33 (1996)
9 (1999)
34 (2001)
34 (2001)
34 (2001)
35 (2001)
35 (2001)
36 (2001)
37 (2002)
11 (2002)
38 (2004)
39 (2004)
40 (2005)

Studies 1–12 were conducted by the author’s group; studies 11 and 12 are not yet published.

Conversely, a strict correlation was found between the
prevalence of atopy in asthmatic subjects and the prevalence of atopy among the remaining nonasthmatic part
of the population (r = 0.900, p ! 0.001, slope 1.364; fig. 2).
The correlation remained highly significant also when
we analyzed the data for our 12 unselected children populations (r = 0.791, p = 0.002) and the 25 children populations drawn from the literature (r = 0.926, p !0.001).

The 12 studies conducted by our group yielded data
for comparing the regression lines for boys and girls and
showed no difference between sexes. Similarly, when in
these 12 studies the variable ‘current asthma’ was used to
define asthmatic subjects or serum-specific IgE was
10.35 kU/l for at least one allergen to define atopy, the
relationship between atopy in asthmatics and atopy in
nonasthmatics remained unchanged.
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Fig. 1. Absence of correlation between the population prevalence
of asthma (affirmative answer to the question: Have you ever had
asthma?) and atopy (at least 1 positive ASPT response) in the 37
studies reviewed (p = 0.761, r = 0.052). _ = Populations studied
by the author’s group; + = populations studied by others.

Discussion

In this international analysis encompassing 37 populations of children, the prevalence rates for asthma and
atopy varied 10–20 fold. In these widely differing study
samples, two findings emerged as statistically proven:
(1) the lack of a correlation between the prevalence of
asthma and the prevalence of atopy (high asthma prevalence rates often coincide with low sensitization rates and
vice versa), and (2) a strict, robust correlation between the
prevalence of atopy in asthmatic subjects and the prevalence of atopy among the nonasthmatic part of the population (r = 0.900, p ! 0.001; fig. 2). In the 12 populations
studied by our group, this relationship was unaffected by
sex or how asthma (history of asthma or current asthma)
or atopy (positive ASPT responses or serum-specific IgE
levels) was defined.
The lack of a relationship between the prevalence of
asthma and atopy at a population level implies that certain environmental factors may separately influence (increase) the prevalence of asthma or atopy. An independent environmental origin of asthma and atopy receives
strong support from epidemiological data showing that
82
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Fig. 2. Linear correlation between the prevalence of atopic asthma
(asthmatic subjects with positive prick tests) and the prevalence
of atopy in the rest of the nonasthmatic population in the 37 studies reviewed (y = 1.364x + 12.145; p ! 0.001, r = 0.900). _ = Populations studied by the author’s group; + = populations studied
by others.

even though specific allergen exposure causes specific
IgE production (sensitization) [3, 4, 42], trials of extensive
allergen avoidance generally fail to reduce the incidence
of asthma [43]. Hence, at the epidemiological level, the
causes of asthma and atopy apparently differ.
Yet at the individual level, everyday clinical practice
regularly shows that asthma is associated with atopy.
Probably because asthma and atopy have some common
genetic features [44], many asthmatic individuals are predisposed to the development of atopy. Also at the population level, excluding the singular findings in African rural populations [45, 46] (as well as our two populations
from Libya), within each single population, the prevalence of atopy in asthmatics compared with nonasthmatic subjects invariably yields high ORs (in most studies,
between 2 and 7) [1, 2].
A plausible reason why the literature fails to keep these
two statements conceptually and practically distinct is
that many environmental conditions influence the prevalence rates of both asthma and atopic sensitization in the
same direction. For example, exposure during the first
year of life to tobacco smoke or high concentrations of
house dust increases asthma and atopy [42, 47]; vice verRonchetti /Rennerova /Barreto /Villa

sa, ‘farming’ (i.e. regular contact with livestock during
pregnancy or the first year of life) [48, 49] or early attendance at day-care centers [50, 51] significantly protects
from both asthma and atopy.
To better understand the relationship between atopic
sensitization and asthma, we think it useful to cite, as an
example, the results of the German Multicenter Allergy
Study [42, 52] which followed more than 1,100 children
from birth to 7 years and found that early and persistent
allergic sensitization was strongly associated with asthma (OR = 15) only in that portion of the children with a
family history of asthma or atopy. Hence, sensitization
alone does not cause asthma. Rather, the underlying genetic factors related to the positive family history appear
responsible for the development of asthma in the presence of atopy [53]. If this genetic predisposition is absent,
evidence linking allergen exposure to an increased incidence of asthma is weak, and allergen sensitization per se
is probably not a primary cause of asthma [4, 54].
The principal finding from our papers – the strict correlation of the prevalence of atopy in asthmatics and the
prevalence of atopy in the nonasthmatic part of the population (fig. 2) – should be viewed in the context of an allergic epidemic taking place all over the world at different
speeds and starting from different levels in the various
geographical settings. Hence, the atopic phenotype has
steadily become more common over time [19, 55–57]. In
the surroundings of Rome, we ourselves previously documented this increase (and the parallel increase in immediate skin reactivity to histamine) in 2 of the 12 cohorts of
unselected children reported here (+65% over 16 years)
[19]. The mainstream explanatory theories affirm that
human immune function, including the ability to produce measurable amounts of specific IgE, is programmed
early in life by external factors and link increasing atopy
to altered hygienic conditions and the lacking pressure of
microbial stimulation [58]. This theory, based on the Th1/
Th2 imbalance paradigm, might have oversimplified the
far more complex and largely unknown interaction between environmental factors that in past decades caused
a substantial increase in the prevalence of atopy [59].
Simultaneous to this worldwide increase in atopy
prevalence, the literature documented a parallel increase
in the prevalence of asthma taking place in the past decades in several geographical settings around the world
[60]. We ourselves documented a significant increase in
the prevalence of asthma in children in the city of Rome
(approximately +150% over about 20 years) [61].
The question arises whether these two epidemics concerning atopy and asthma are in some way causally

linked, for example whether the increase in atopy is the
most important causative factor for the progressively
more common asthmatic condition. The two main findings in the present review suggest that it is not.
First, at the population level, no correlation exists between the prevalence of asthma and the prevalence of atopy (fig. 1), with some populations having a high prevalence of atopy and a low prevalence of asthma and vice
versa. If the two conditions were causally linked, one
would expect that if environmental factors cause a certain increase in the prevalence of atopy, the prevalence of
asthma should also increase.
Second, the strong correlation we found between atopy in asthmatics and atopy in the nonasthmatic part of
the population implies that when environmental factors
cause an increase in the general prevalence of atopy, the
new cases of atopic sensitization do not preferentially occur among asthmatics but they tend to distribute evenly
among the population independent of the presence of
asthma. Nevertheless, the conclusion that asthmatic persons share the effects of environmental causes inducing
atopic sensitization with the rest of the population is
probably too simple. Indeed, the positive slope of the linear regression line shown in figure 2 (1.364) shows that
asthmatics are more sensitive to these environmental factors and are therefore generally more atopic than the rest
of the population. In most of the populations addressed
by the epidemiological studies reported in this paper, this
excess of atopy in asthmatics seems relatively stable, i.e.
about 20% compared with the rest of the population.
Yet one cannot assume tout court that this excess of
atopy among asthmatic persons is causative of asthma.
Because the data from the 37 studies reviewed indicate a
higher prevalence of atopy in subjects who were already
asthmatic, asthma could have been initially caused by atopy (primary causation), simply aggravated by coexisting
atopy (secondary causation) or be independent from atopy, according to the genetic predisposition, timing and
intensity of specific exposures.
An interesting finding was that in our two semirural
populations of Libyan children who had a low level of
atopic sensitization, in contrast to all other reported cohorts, atopy, far from being a risk factor, was actually
‘protective’ for asthma. This observation confirms similar findings in African countries, one with a low level of
atopy (in a rural but not in an urban population in Ethiopia) [45], and the other with a high level of atopy [46].
Therefore, it is suggested that when the prevalence of
asthma and/or atopy is very low, the relationship between
these two conditions undergoes the influence of other
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factors (for example parasite infections) [62], which are,
on the other hand, obscured by more powerful factors in
countries with more intense allergen exposure.
We consider it unlikely that our findings in this paper
are flawed by artifacts. In this systematic review, together with the results of our previous studies, we used the
papers selected for the well-known review by Pearce et al.
[1] and a further 11 papers selected with the same criteria,
all published in first-rank journals. There was no selection bias because these 11 papers represent the complete
list of papers found using the reported search criteria.
Because a lack of homogeneity in the experimental
data can only reduce, not increase, the strength of a statistical correlation, we believe that the various environments, geographical settings and socioeconomic conditions represented among the populations included in this
systematic review and the large number of populations
studied practically ensure that confounders (including socioeconomic conditions, peculiar quality of geographical
settings, and climate) have no significant influence on the

strength of the correlation obtained. Further, the differences in the number of persons included in each studied
population and in the definition of asthma used by the
various authors do not seem to interfere with our robust
statistical results. This conclusion is reinforced by the fact
that when we restricted the analysis to the set of data from
the 12 studies conducted by our group, we found that the
criteria used to define atopy (positive prick test responses
or increased serum-specific IgE) or asthma (‘ever’ or ‘current’) left the strength of the correlation unchanged.
In conclusion, the data from this systematic review
show that the salient point in interpreting the relationship between asthma and atopy is that the prevalence of
atopy in asthmatic children correlates strictly with the
prevalence of atopy among nonasthmatic children. This
new concept possibly implies that as well as focusing on
measures to prevent atopy in individuals, we should seek
and try to reduce the causes of the growing prevalence of
atopy in populations.
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