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large and accurately defined series of asthma, allergic rhini-
tis and COPD phenotypes. It is a population-based multi-
case-control design, where cases and controls are identified 
through a 2-stage screening process (postal questionnaire 
and clinical examination) in pre-existing cohorts or new 
samples of subjects. It is aimed at elucidating the role that 
modifiable and genetic factors play in the occurrence, per-
sistence, severity and control of inflammatory airway diseas-
es, by way of the establishment of a historical multicentre 
standardized databank of phenotypes, contributed by and 
openly available to international epidemiologists. Research-
ers conducting population-based surveys with standardized 
methods may contribute to the public-domain case-control 
database, and use the resulting increased power to answer 
their own scientific questions. 
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 Abstract 

 The role of genetic and environmental factors, as well as 
their interaction, in the natural history of asthma, allergic rhi-
nitis and chronic obstructive pulmonary disease (COPD) is 
largely unknown. This is mainly due to the lack of large-scale 
analytical epidemiological/genetic studies aimed at investi-
gating these 3 respiratory conditions simultaneously. The 
GEIRD project is a collaborative initiative designed to collect 
information on biomarkers of inflammation and oxidative 
stress, individual and ecological exposures, diet, early-life 
factors, smoking habits, genetic traits and medication use in 
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 Introduction 

 Allergic rhinitis and asthma affect a large proportion 
of children and adults  [1, 2] , and their prevalence rates are 
still increasing  [3–5] . In addition, chronic obstructive 
pulmonary disease (COPD) represents a major and in-
creasing global health epidemic  [6] , even in young adults 
 [7] . It is estimated that more than 20% of the general pop-
ulation suffers from at least 1 of these conditions. 

  All the 3 diseases are characterized by systemic and 
local chronic inflammation of the upper or lower air-
ways, and there is a considerable overlap in pathogenesis 
 [8] , clinical features  [9, 10]  and epidemiology  [11–14] . 
Asthma and COPD seem to involve a marked oxidant/
antioxidant imbalance  [15, 16] , and they are mediated by 
oxidative stress, which is caused by inflammation and 
environmental exposures  [17] .

  Knowledge concerning the natural history of asthma, 
allergic rhinitis and COPD has made considerable steps 
forward in the last 20 years, thanks to multicentre sur-
veys that have provided reliable data on their prevalence, 
incidence, severity and treatment around the world. 
However, many issues related to the epidemiology and 
the role of environmental and genetic determinants of 
the 3 respiratory diseases are still unsolved.

  Some of the most interesting unanswered questions 
are related to:
  – the real nature of the associations among asthma, al-

lergic rhinitis and COPD  [18, 19] ; 
 – the specific and differential role that some environ-

mental exposures (air pollution and indoor exposures) 
 [20] , host features (like obesity and overweight)  [21]  
and diet  [22]  play in asthma, allergic rhinitis and 
COPD; 

 – the relationships between oxidant/antioxidant expo-
sures (like diet and occupation), endogenous inflam-
mation and antioxidant gene-regulation  [23] ;  

 – the reasons (and the determinants) for the large varia-
tion observed in the response to treatment  [24–27]  and 
in the short- and long-term effectiveness of inhaled 
corticosteroids  [28, 29]  in both asthma and COPD; 

 – the best epidemiological design for genetic studies: the 
failure to replicate the numerous associations found 
between genes, and asthma and COPD  [30, 31]  has 
been attributed to methodological features, such as in-
sufficient power, genetic heterogeneity and poor defi-
nition of the phenotypes  [32, 33] . 
 Up to now, almost all of the main epidemiological 

studies of respiratory diseases have dealt with one disease 
at a time, defined according to simple epidemiological 

criteria, and they were generally cross-sectional and de-
scriptive in nature. At this stage, the questions facing 
present day research indicate the need for powerful, pop-
ulation-based, analytical epidemiological designs cover-
ing the whole range of the 3 diseases. These investigations 
should be able to differentiate the various sub-pheno-
types with respect to their: (1) inflammatory profile; (2) 
objective biomarkers of oxidative stress and history of 
their oxidant/antioxidant exposure; (3) duration of the 
disease; (4) treatment and achieved control; (5) geno-
type.

  Aim 

 The present project is aimed at promoting the estab-
lishment of a multicentre ‘historical’ database and a mul-
ticentre biobank, related to phenotypes of asthma, aller-
gic rhinitis and COPD and to controls (subjects without 
respiratory diseases), who will be accurately character-
ized according to their inflammatory and genetic profiles 
and risk factors. This database will be a unique instru-
ment that will help in the investigation of gene-environ-
ment interactions in respiratory diseases, and it will be 
available to European epidemiologists of respiratory dis-
eases who have contributed to the database.

  Multicase-Control Design 

 The ideal epidemiological investigation of gene-envi-
ronment interactions in respiratory diseases should be a 
very large study of ‘unselected’ specific (sub)phenotypes 
that are well characterized by the time-history of their 
diseases, exposures and treatment and by the use of ob-
jective measurements of markers of inflammation. No 
single research project would be able to simultaneously 
satisfy all these features, unless a huge quantity of re-
sources, researchers and time was available.

  For this reason, the GEIRD project will use pre-exist-
ing or ongoing population-based surveys carried out with 
similar 2-stage protocols (screening questionnaire and 
clinical examination), in order to produce an indepen-
dent public domain database of cases and controls in the 
next few years. The database will be freely accessible to 
all scientists worldwide who are willing to share their cas-
es and controls in exchange for the possibility to address 
their scientific questions with increased power. 

  The multicase-control design guarantees the possibil-
ity to simultaneously study all the inflammatory diseases 
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of the airways that have common genetic and environ-
mental factors, and to assess the associations of each fac-
tor with all 3 diseases. A similar design has already been 
used in a genome-wide association study of 7 common 
diseases  [34] .

  Although there are several other types of study that 
can be used in genetic epidemiology (cohorts, linkage 
studies, etc.), the population-based case-control study is 
considered to be the most powerful design to investigate 
genetic associations  [35, 36]  for complex diseases, due to 
its efficiency and the possibility to characterize outcomes 
and phenotypes more precisely than in other studies  [37, 
38] . Other designs that have been especially tailored to 
study the gene-environment interactions have been pro-
posed  [39] . However, estimation of the main effects of 
environmental and genetic factors, which is one of the 
aims of this project, is not possible in these studies.

  The 2-stage strategy to select cases and controls from 
well-defined cohorts or from new random samples from 
the general population guarantees that cases and controls 
come from the same source population  [40] , and that they 
have the same degree of phenotypic and genotypic assess-
ment  [41] .

  Finally, the potential bias due to the ‘dilution effect’ in 
the relative-risk estimates (i.e. the misclassification bias 
due to the presence of ‘diseased subjects’ among controls) 
is less likely in the multicase-control study than in cross-
sectional or case-control studies. In the multicase-con-
trol design, subjects belonging to 1 phenotype (e.g. asth-
ma) are compared to controls who are free from all of the 
inter-related diseases investigated (i.e. subjects without 
asthma, allergic rhinitis, COPD or chronic bronchitis, 
CB). In the cross-sectional or case-control design, sub-
jects affected by a specific disease are contrasted with 
subjects free of that disease. When the controls are af-
fected by correlated diseases (as in the case of asthma, al-
lergic rhinitis and COPD/CB) that share some risk fac-
tors, as well as genetic factors, a dilution bias occurs, and 
the size of this bias is considerable when the outcome is 
common in the underlying source population  [42] . 

  Selection and Identification of Cases and Controls 

 Because cases and controls have to be identified in pre-
existing population-based cohorts or in cohorts whose 
recruitment is in progress, GEIRD involves a screening 
phase. Eligible subjects are administered a screening 
questionnaire, a modified version of a standardized
questionnaire  [2, 43] , which investigates the presence of 

symptoms of asthma, allergic rhinitis and COPD/CB.
According to their responses to the screening ques-
tionnaire (www.geird.org), subjects are classified as
probable cases of asthma, allergic rhinitis, COPD/CB
or probable controls (online supplementary text, www.
karger.com/doi/10.1159/000283034).

  All probable cases of asthma and COPD/CB, along 
with a 60% random sample of probable allergic rhinitis 
cases and a 30% random sample of probable controls, are 
referred to clinical centres where they undergo the ‘phe-
notypization’ protocol. The sampling fractions of 60% 
and 30% for allergic rhinitis and for controls (whose fre-
quencies largely exceed asthma and COPD/CB), respec-
tively, was adopted to guarantee that the mix of cases was 
almost balanced, and that the number of controls recruit-
ed for GEIRD is not lower than the maximum number of 
(asthma) cases enrolled in the study (a detailed explana-
tion of the computation of the expected number of cases 
and controls is reported, see online suppl. text).

  Based on clinical ascertainment alongside lung func-
tion and allergologic tests, a subject is classified as an  
 asthma, rhinitis or COPD case, or as a control (see online 
suppl. text). 

  All cases and controls will be matched by study cohort 
(frequency matching) and centre. 

  Phenotypization Protocol 

 The phenotypization protocol is a set of tests and ques-
tionnaires performed in a clinical setting ( table 1  gives 
the list of tests and questionnaires administered in the 
frame of the project). It consists of: (1) the identification 
protocol, which is the minimum set of tests necessary to 
identify cases and controls: the clinical interview, the 
lung function tests (slow and forced spirometry), the re-
versibility test, the methacholine test, a blood sample for 
genotyping and IgE assay, height, weight and blood pres-
sure measurements, and the skin prick test for common 
allergens; (2) sub-phenotypization protocol, which com-
prises diffusing capacity of the lung and the 6-min walk-
ing test. Moreover, additional tests mainly related to in-
flammation and oxidative stress are included  [44] , such 
as fractional exhaled nitric oxide, exhaled breath con-
densate, exhaled alveolar air measurements and induced 
sputum cell count, urine collection for 8-hydroxy-2 � -de-
oxyguanosine (8-OHdG) measurement  [45] . One general 
quality of life questionnaire (SF-36) and specific ques-
tionnaires for asthma, allergic rhinitis and COPD will be 
administered: the Asthma Control Test  [46] , the Rhin-
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asthma  [47]  and the St. George’s Respiratory Question-
naire  [48] .

  The clinical interview is a modification of the Euro-
pean Community Respiratory Health Survey (ECRHS) 
questionnaire (www.ecrhs.org); the other questionnaires 
are validated instruments, and all the measurements use 
standardized techniques according to the European
Respiratory Society or the American Thoracic Society 
guidelines. Questionnaires and measurement protocols 
can be found at www.geird.org. 

  The skin prick test will be performed for a set of com-
mon allergens, and 33 ml of venous blood will be used for 
genetic analyses, a complete blood cell count and to ex-
tract the serum for IgE titration. A 50-ml spot sample of 
urine will be taken for 8-OHdG and creatinine determi-
nation (see online suppl. text).

  Genetic Protocol 

 The choice of the candidate genes, as well as the poly-
morphisms, will be based on literature data and will be 
updated according to the preliminary results obtained by 
analysing the Verona samples. Several molecular meth-
ods for the analysis of the polymorphisms will be used 
(see online suppl. text).

  House (Nutritional and Environmental) Protocols 

 All the subjects involved in the phenotypization pro-
tocol will receive a home visit, during which they will be 
administered a nutritional questionnaire, specific occu-
pational modules, a questionnaire about home character-
istics and individual total exposure assessment (see on-
line suppl. text). 

  Outdoor Pollution Protocol 

 The residential street address collected during the 
clinical interview will be geocoded by the GPS technol-
ogy (see online suppl. text). Furthermore, annual sum-
mary statistics of air pollutants (NO 2 , SO 2,  O 3 , CO, TSP, 
and PM 10 ) measured over the years of the study (2008–
2010) will be collected in each centre, for ecological com-
parisons.

  Public Domain GEIRD Database 

 This project will make it possible to establish a large 
database, including information on biomarkers of in-
flammation and oxidative stress, individual and ecologi-
cal exposures (outdoor and indoor air pollutants), diet, 
early-life factors, smoking habits, genetic traits, and med-
ication use in the cases of asthma, allergic rhinitis and 
COPD and in the controls. Not all centres and not all sub-
jects will perform all of the measurements and tests de-
scribed in the general protocol. 

  A subject will be included in the GEIRD database 
when he/she has performed the minimum set of tests and 
questionnaires to be identified as a case or as a control.

  The Italian centres initially contributing to the GEIRD 
database (Ancona, Palermo, Pavia, Terni, Sassari, Torino, 
Verona) will carry out the clinical interview, the lung 
function test, the reversibility test, the methacholine test, 

Table 1. Tests and questionnaires administered at the clinical 
stage of GEIRD

Asthma Allergic
rhinitis

COPD/
CB

Controls

Questionnaires
Clinical interview X X X X
Quality of life (SF-36) X X X X
Asthma Control Test X
St. George Respiratory

questionnaire X
MRC dyspnoea scale X
Rhinasthma X X

Clinical laboratory tests
Weight, waist/hip measure,

height, blood pressure,
oximetry X X X X

Spirometry (slow and forced) X X X X
Methacholine challenge test X X X
Reversibility test X
Allergological test (SPT, RAST) X X X X
6-minute walking test X X X X
Biomarkers of inflammation1 X X X X
Biomarkers of oxidative stress2 X X X X
Genetic analyses X X X X

CB = Chronic bronchitis.
1 Fractional exhaled NO; pH, hydrogen peroxide, leukotrienes, 

isoprostanes, TNF-� and interleukine-8 in exhaled breath con-
densate; percentage of eosinophils, neutrophils, macrophages and 
lymphocytes in the induced sputum.

2 8-hydroxy-2�-deoxyguanosine.
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the skin prick test, the blood collection for genotyping 
and IgE assay. Moreover, each centre will have the pos-
sibility to extend the study according to its own scientific 
interests in the frame of the general project.

  Other research teams, using case definition and mea-
surement instruments similar to those used in this proj-
ect, may provide their cases and controls; thus, increasing 
the size of this database and generating a public domain 
case-control database. In this way, the public domain da-
tabase can become a new and innovative research instru-
ment in the field of respiratory epidemiology. In fact, it 
will allow each researcher to answer his own research 
question with increased power. The comparability of the 
data among the centres is guaranteed by the use of stan-
dardized methods. However, a certain degree of variabil-
ity between centres may persist. In order to overcome this 
problem, all the analyses will be based on the matching 
of cases and controls by centre and study cohort (frequen-
cy matching).

  Analysis Strategies 

 The recruitment of both incident and prevalent cases 
(as well as controls) for the GEIRD project is currently in 
progress. 

  In agreement with the definition, an incident case of 
asthma and rhinitis is: (1) a member of a pre-existing co-
hort who fulfils the case identification criteria at the 
GEIRD follow-up, and who reported the first asthma or 
rhinitis symptom shortly before the GEIRD assessment 
(i.e. no longer than 2 years before) but not during the pre-
vious contacts; (2) a member of a new random sample 
who fulfils the ‘case criteria’, and who reported the first 
asthma or rhinitis symptom shortly before the GEIRD 
assessment  [49] .

  As COPD is defined on the basis of lung function mea-
surements, an incident COPD case is a member of a pre-
existing cohort with normal lung function at baseline, 
but who had irreversible airflow obstruction at the GEIRD 
follow-up. 

  When studying the association between factors that 
do not change over time (e.g. genotype, sex, events or ex-
posures in childhood) and respiratory diseases, or when 
evaluating the determinants of the severity and/or the 
control of the diseases, there is no need to disentangle 
incident from prevalent cases. Accordingly, all the cases 
(and if necessary, all the controls) will be included in the 
analyses.

  When studying potential risk factors that could 
change over time (e.g. diet, pollution, home characteris-
tics), a potential bias may result when prevalent cases are 
included in the study because the level of exposure mea-
sured in a prevalent case may not represent the level of 
exposure that a person experienced at the onset of the 
disease. In this case, the distribution of the determi-
nants being studied will be compared in incident and 
prevalent cases. If a statistically significant difference is 
found, incident and prevalent cases will be analysed 
separately, or the analysis will be restricted to incident 
cases.

  The choice of the appropriate statistical method will 
depend on the specific hypothesis being tested and on the 
kind of inclusion criteria (e.g. all cases and controls, only 
cases affected by 1 disease, only incident cases and con-
trols). In general, all the analyses will account for the hi-
erarchical structure of data (subjects nested into centres, 
taking the variability among centres into account) and 
for the different cohorts, using multilevel models  [50]  or 
meta-analysis techniques. In the main analyses, the as-
sociations of each environmental or genetic factor with 
all 3 respiratory diseases will be estimated simultaneous-
ly, using models for polychotomous outcomes (i.e. multi-
nomial logistic models). 

  Centres, Cohorts Involved in the Study, Timetable 

and Organizational Structure 

 The Italian centres that will initially contribute to the 
GEIRD database are Verona, Pavia, Torino, Sassari, An-
cona, Terni and Palermo. The screening phase will in-
volve more than 25,000 subjects in the 7 participating 
centres. The pre-existing cohorts involved are: (1) the 
Italian branch of ECRHS  [51]  – a general population ran-
dom sample (aged 20–44 years at enrolment), who were 
already studied in 1991 and 2000  [13] ; (2) the ISAYA co-
hort  [52, 53] , made up of random samples from the gen-
eral population aged 20–44 years in 1999, when they were 
first studied. Five new random samples aged 20–64 years 
(with the exception of the Palermo centre where the age 
ranged from 45 to 80 years), who were taken from the 
general population, and who were selected with the same 
sampling method used in ISAYA and ECRHS  [43] , will 
also be screened in the Ancona, Terni, Palermo, Pavia 
and Verona centres.

  Using available estimates of prevalence, the expected 
number of probable cases and controls in the 7 Italian 
centres are 3,644 and 1,748, respectively ( table 2 ).
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  Each Italian centre will start the screening phase be-
fore September 2009 and the clinical phase before Febru-
ary 2010. The initial databank is expected to be complet-
ed by June 2011. The study is managed by a provisional 
scientific steering committee that is responsible for the 
implementation, promotion and funding of the project, 
as well as the scientific use of the databank. This steering 
committee is also responsible for developing and seeking 
collaboration with other research teams with the aim of 
building an international databank. Before the end of the 
study (2011), a definite steering committee will be estab-
lished based on all the centres that will participate in the 
project. 

  Ongoing Progress of the Study 

 Local ethics committees approved the study protocols. 
The screening phase has been completed in Ancona and 
in Terni with final response percentages of 61.9% (1,866 
responders out of 3,015 eligible subjects) and 59.1% 
(1,660/2,811), respectively. The screening phase is cur-
rently in progress in Verona, Pavia, Sassari and Turin. In 
Verona, the mailed questionnaire was answered by 65.6% 
(2,559/3,900) of the historical cohorts and by 50.7% 
(2,025/3,992) of the new random sample after 3 mail con-
tacts. In Pavia, the mailed questionnaire was answered by 
30.9% of the new random sample after 2 mail contacts. In 
Sassari and Turin, people were contacted by mail for the 

Table 2. Expected number of probable cases and controls that will undergo the phenotypization protocol of 
GEIRD in the Italian Centres

Verona Turin Pavia Sassari Ancona Terni Palermo1 Total

Asthma 465 177 339 112 169 150 196 1,608
COPD/CB 252 110 216 75 – 70 224 947
Allergic rhinitis2 325 136 260 84 160 124 – 1,089
Controls3 488 184 394 132 170 156 224 1,748

Clinical phase 1,530 607 1,209 403 499 500 644 5,392

Estimates based on the more reliable centre-specific prevalence estimates. In the computation, a response 
rate of 70% is assumed for the screening questionnaire and an attendance rate of 70% for the clinical stage of 
GEIRD. 

1 Random sample from the general population aged 45–80 years. 
2 A sampling fraction of 0.60 was applied. 
3 A sampling fraction of 0.30 was applied.

Table 3. Responders to the screening questionnaire, probable cases and probable controls in 3 Italian centres that have concluded the 
screening phase of the GEIRD project (Ancona and Terni) or completed 3 postal waves (Verona) by June 2009

Ancona Terni Verona

pre-existing cohorts new random sample

Eligible subjects 3,015 2,811 3,900 3,992
Respondents 1,866 (61.9) 1,660 (59.1) 2,559 (65.6)1 2,025 (50.7)1

Probable cases of asthma 242 (13.0) 244 (14.7) 373 (14.6) 235 (11.6)
Probable cases of COPD/CB – 95 (5.7) 154 (6.0) 130 (6.4)
Probable cases of allergic rhinitis 260 (13.9) 230 (13.9) 360 (14.1) 296 (14.6)
Probable controls 722 (38.7) 586 (35.3) 992 (38.8) 792 (39.1)

Percentages are reported in parentheses. 
1 Respondents after 3 mail contacts. 
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first time in December 2008 and April 2009, respectively. 
In Palermo, the screening phase started in September 
2009. 

  The number of responders to the mailed survey, as 
well as the number of subjects reporting symptoms in-
volved in case selection, are reported in  table 3 .

  Selection Processes and Potential Biases 

 GEIRD is a 2-stage study. The first stage is aimed at 
producing representative series of ‘probable cases and 
controls’ through the screening of random samples or 
previous cohorts from the general population. Centres 
involved in GEIRD were not randomly chosen, but se-
lected on a voluntary base. Nevertheless, they cover all 
the different regions of Italy (north, centre and south). 

  The success of the first stage will depend on the level 
of the response rate. Response rates to mailed epidemio-
logical surveys on respiratory health have decreased in 
the last decades  [54] . This negative trend will probably 
be confirmed by the present survey, as the response
percentage in the first 2 centres (Ancona and Terni) at
the end of the screening phase was only 60.5% 
(3,526/5,826).

  A low response percentage could bias prevalence esti-
mates because subjects reporting respiratory symptoms 
in Italy tend to be early responders, while current smok-
ers tend to be late responders  [55] .

  However, no significant difference between respond-
ers and non-responders was detected as regards sex and 
age in the centres that completed the postal survey: the 
proportion of women among responders (51.4%, 95% CI 
49.8–53.1%) slightly exceeded 50%, which was the initial 
value in the selected sample. The mean age (SD) was 34.1 
 8  7.0 years among responders and 34.2  8  6.8 among 
non-responders (p = 0.587).

  Moreover, the decrease in symptom prevalence across 
subsequent contacts was lower than expected. In the 3 
centres where the 3 postal waves were completed (Anco-
na, Terni, Verona), the prevalence of drugs for asthma 
and chronic cough and phlegm did not change across 
subsequent contacts, while the decline in prevalence of 
asthma attacks and allergic rhinitis was much less pro-
nounced than in a previous Italian study  [55] .

  Similar findings were found in a previous follow-up of 
1 cohort involved in GEIRD  [13] : responders were slight-
ly older and there was a greater percentage of women 
compared to non-responders. However, there was no sta-
tistically significant difference in symptoms at baseline.

  Hence, preliminary data suggest that response to the 
GEIRD screening phase will be lower than in previous 
Italian surveys, but also less affected by response bias.

  The main issue in the second stage (case-control de-
sign) of GEIRD is the comparability of cases and controls. 
A non-biased design requires that cases and controls 
come from the same source population, experience the 
same selection processes and are ascertained with the 
same accuracy. All these features are guaranteed by the 
GEIRD design, where potential cases and controls are 
identified through screening the same population and 
will undergo a concurrent assessment. Differential selec-
tion may occur if the participation rate in the clinical 
stage is different in probable cases and controls. Hence, 
this is a potential bias of the ongoing study; its presence, 
size and consequences can be fully assessed at the end of 
the study by comparing the screening data of participants 
and non-participants.

  To sum up, the GEIRD design was devised to maxi-
mize the likelihood of obtaining unbiased series of cases 
and controls that are representative of the general popu-
lation for genetic and environmental studies of respira-
tory diseases. The degree to which this expectation is ac-
tually reached will be fully assessed at the end of the 
study. 

  Conclusion 

 In contrast to cancer epidemiology, the epidemiology 
of respiratory diseases has scarcely used analytical epide-
miological tools (like case/control studies). Consequent-
ly, many descriptive results have been obtained, but 
knowledge about the determinants of respiratory diseas-
es is still limited and contrasting. The GEIRD project is 
based on a study design that is maximally efficient to an-
swer the most important questions that have emerged in 
the research on determinants of asthma, allergic rhinitis 
and COPD. Moreover, the proposed instrument, i.e. the 
historical multicentre standardized database of cases and 
controls from the general population, may be enriched 
thanks to both the contribution of new centres and/or the 
contribution of new data (i.e. follow-up data). Conse-
quently, the database may be periodically updated to deal 
with new research issues. 

  The GEIRD study group invites all the epidemiolo-
gists who are coordinating or promoting studies on respi-
ratory diseases in general population to collaborate in es-
tablishing an international public domain case-control 
database to study the environmental and genetic deter-
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minants of asthma, rhinitis and COPD. We can be con-
tacted at www.geird.com.

  Appendix: The GEIRD Study Group 

 Principal Investigators of the GEIRD Project 
 de Marco R, Verlato G, Zanolin ME, Accordini S, Cazzoletti 

L, Marcon A (Unit of Epidemiology and Medical Statistics, Uni-
versity of Verona, Italy); Lo Cascio V, Ferrari M (Section of Inter-
nal Medicine, University of Verona, Italy); Perbellini L, Olivieri 
M (Unit of Occcupational Medicine, Azienda Ospedaliera ‘Isti-
tuti Ospitalieri di Verona,, Italy); Pignatti P, Trabetti E, Bombieri 
C, Bettin MD (Unit of Biology and Genetics, University of Vero-
na, Italy); Poli A (Unit of Hygiene and Preventive, Environmental 
and Occupational Medicine, University of Verona, Verona, Italy); 
Cerveri I, Corsico AG (Division of Respiratory Diseases, IRCCS 
Policlinico San Matteo, University of Pavia, Italy); Marinoni A, 
Villani S (Department of Applied Health Sciences, University of 
Pavia, Pavia, Italy); Bugiani M, Carosso A (National Health Ser-
vice, CPA-ASL 4 Unit of Respiratory Medicine, Turin, Italy ); Rol-
la G (Department of Biomedical Sciences and Human Oncology, 
University of Turin,, Italy); Casali L (Department of Internal 

Medicine, Section of Respiratory Disease, University of Perugia, 
Italy); Antonicelli L, Bonifazi F (Department of Internal Medi-
cine, Immuno-Allergic and Respiratory Diseases, Ospedali Ri-
uniti di Ancona, Ancona, Italy); Pirina P, Fois AG (Institute of 
Respiratory Diseases, University of Sassari, Sassari, Italy), Bellia 
V (University of Palermo, Palermo, Italy).

  Coordinating Centre 
  Project leader:  de Marco R;  Coordinators:  Ferrari M, Olivieri 

M, Trabetti E, Verlato G; Zanolin ME, Accordini S, Cazzoletti L, 
Marcon A.
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A, Rolla G, Trabetti E, Verlato G, Villani S; Zanolin ME.

  Acknowledgments 

 The GEIRD Project was partially supported by grants from 
Fondazione Cassa di Risparmio di Verona, Vicenza, Belluno e 
Ancona and the Italian Ministry of University and Research.
 

 References 

  1 Worldwide variations in the prevalence of 
asthma symptoms: the International Study 
of Asthma and Allergies in Childhood 
(ISAAC). Eur Respir J 1998;   12:   315–335. 

  2 Variations in the prevalence of respiratory 
symptoms, self-reported asthma attacks, 
and use of asthma medication in the Euro-
pean Community Respiratory Health Sur-
vey (ECRHS). Eur Respir J 1996;   9:   687–695. 

  3 Verlato G, Corsico A, Villani S, Cerveri I, 
Migliore E, Accordini S, et al: Is the preva-
lence of adult asthma and allergic rhinitis 
still increasing? Results of an Italian study. J 
Allergy Clin Immunol 2003;   111:   1232–1238. 

  4 Chinn S, Jarvis D, Burney P, et al: Increase in 
diagnosed asthma but not in symptoms in 
the European Community Respiratory 
Health Survey. Thorax 2004;   59:   646–651. 

  5 Latvala J, von Hertzen L, Lindholm H, Haah-
tela T: Trends in prevalence of asthma and 
allergy in Finnish young men: nationwide 
study, 1966–2003. BMJ 2005;   330:   1186–1187.  

  6 Global Initiative for Chronic Obstructive 
Lung Disease (GOLD): Global strategy for 
the diagnosis, management, and prevention 
of chronic obstructive pulmonary disease. 
Bethesda, GOLD, 2006. 

  7 de Marco R, Accordini S, Cerveri I, et al: An 
international survey of chronic obstructive 
pulmonary disease in young adults accord-
ing to GOLD stages. Thorax 2004;   59:   120–
125. 

  8 Kim JS, Rubin BK: Nasal and sinus inflam-
mation in chronic obstructive pulmonary 
disease. COPD 2007;   4:   163–166. 

  9 Elias J: The relationship between asthma
and COPD: lessons from transgenic mice. 
Chest 2004;   126(suppl):111S–116S, discus-
sion 159S–161S.  

 10 Montnémery P, Svensson C, Adelroth E, Löf-
dahl CG, Andersson M, Greiff L, Persson 
CG: Prevalence of nasal symptoms and their 
relation to self-reported asthma and chronic 
bronchitis/emphysema. Eur Respir J 2001;   17:  
 596–603.  

 11 Grossman J: One airway, one disease. Chest 
1997;   117(suppl):11S–16S. 

 12 Leynaert B, Neukirch C, Kony S, et al: Asso-
ciation between asthma and rhinitis accord-
ing to atopic sensitization in a population-
based study. J Allergy Clin Immunol 2004;  
 113:   86–93. 

 13 de Marco R, Locatelli F, Cazzoletti L, Bu-
giani M, Carosso A, Marinoni A: Incidence 
of asthma and mortality in a cohort of young 
adults: a 7-year prospective study. Respir Res 
2005;   6:   95. 

 14 Guerra S: Overlap of asthma and chronic
obstructive pulmonary disease. Curr Opin 
Pulm Med 2005;   11:   7–13. 

 15 Rahman I, Morrison D, Donaldson K, Mac-
Nee W: Systemic oxidative stress in asthma, 
COPD, and smokers. Am J Respir Crit Care 
Med 1996;   154:   1055–1060. 

 16 MacNee W: Pulmonary and systemic oxi-
dant/antioxidant imbalance in chronic ob-
structive pulmonary disease. Proc Am Tho-
rac Soc 2005;   2:   50–60. 

 17 Bowler RP, Crapo JD: Oxidative stress in al-
lergic respiratory diseases. J Allergy Clin Im-
munol 2002;   110:   349–356.  

 18 Barnes PJ: Against the Dutch hypothesis: 
asthma and chronic obstructive pulmonary 
disease are distinct diseases. Am J Respir 
Crit Care Med 2006;   174:   240–243. 

 19 Postma DS, Boezen HM: Rationale for the 
Dutch hypothesis: allergy and airway hyper-
responsiveness as genetic factors and their 
interaction with environment in the devel-
opment of asthma and COPD. Chest 2004;  
 126(suppl):96S–104S. 

 20 Anto JM: The causes of asthma: the need to 
look at the data with different eyes. Allergy 
2004;   59:   121–123.  

 21 Barros R, Moreira A, Fonseca J, Moreira P, 
Fernandes L, de Oliveira JF, et al: Obesity 
and airway inflammation in asthma. J Al-
lergy Clin Immunol 2006;   117:   1501–1502.  

 22 Burns JS, Dockery DW, Neas LM, et al: Low 
dietary nutrient intakes and respiratory 
health in adolescents. Chest 2007;   132:   238–
245. 

 23 Rahman I: Oxidative stress, chromatin re-
modeling and gene transcription in inflam-
mation and chronic lung diseases. J Biochem 
Mol Biol 2003;   36:   95–109. 

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ita
 d

i P
ad

ov
a

79
.3

5.
52

.1
09

 -
 5

/6
/2

02
2 

10
:5

6:
41

 A
M



 The GEIRD Project Int Arch Allergy Immunol 2010;152:255–263 263

 24 Chanez P, Wenzel SE, Anderson GP, Anto 
JM, Bel EH, Boulet LP, et al: Severe asthma 
in adults: what are the important questions? 
J Allergy Clin Immunol 2007;   119:   1337–
1348. 

 25 Calverley PM, Anderson JA, Celli B, et al: 
Salmeterol and fluticasone propionate and 
survival in chronic obstructive pulmonary 
disease. N Engl J Med 2007;   356:   775–789. 

 26 Aaron SD, Vandemheen KL, Fergusson D, et 
al: Tiotropium in combination with placebo, 
salmeterol, or f luticasone-salmeterol for 
treatment of chronic obstructive pulmonary 
disease: a randomized trial. Ann Intern Med 
2007;   146:   545–555. 

 27 Suissa S, McGhan R, Niewoehner D, Make B: 
Inhaled corticosteroids in chronic obstruc-
tive pulmonary disease. Proc Am Thorac Soc 
2007;   4:   535–542. 

 28 Wenzel S. Mechanisms of severe asthma. 
Clin Exp Allergy 2003;   33:   1622–1628. 

 29 de Marco R, Marcon A, Jarvis D, et al: In-
haled steroids are associated with reduced 
lung function decline in subjects with asth-
ma with elevated total IgE. J Allergy Clin Im-
munol 2007;   119:   611–617.  

 30 Ioannidis JP, Ntzani EE, Trikalinos TA, 
Contoupolos-Iannidis DG: Replication va-
lidity of genetic association studies. Nat 
Genet 2001;   29:   244–245. 

 31 Contopoulos-Ioannidis DG, Kouri IN, Ioan-
nidis JP: Genetic predisposition to asthma 
and atopy. Respiration 2007;   74:   8–12. 

 32 Colhoun HM, McKeigue PM, Smith GD: 
Problems of reporting genetic association 
with complex outcomes. Lancet 2003;   361:  
 865–872. 

 33 Bel EH: Clinical phenotypes of asthma. Curr 
Opin Pulm Med 2004;   10:   44–50. 

 34 Wellcome Trust Case Control Consortium: 
Genome-wide association study of 14,000 
cases of seven common diseases and 3,000 
shared controls. Nature 2007;   447:   661–678.  

 35 Clayton D, McKeigue PM: Epidemiological 
methods for studying genes and environ-
mental factors in complex diseases. Lancet 
2001;   358:   1356–1360. 

 36 Caporaso N, Rothman N, Wacholder S: 
Case-control studies of common alleles and 
environmental factors. J Natl Cancer Inst 
Monogr 1999;   26:   25–30. 

 37 Ober C, Hoffjan S: Asthma genetics 2006: 
the long and winding road to gene discovery. 
Genes Immun 2006;   7:   95–100. 

 38 Vercelli D: Discovering susceptibility genes 
for asthma and allergy. Nat Rev Immunol 
2008;   8:   169–182. 

 39 Goodman M, Dana Flanders W: Study de-
sign options in evaluating gene-environ-
ment interactions: practical considerations 
for a planned case-control study of pediatric 
leukemia. Pediatr Blood Cancer 2007;   48:  
 373–374. 

 40 Miettinen OS: The case-control study: valid 
selection of subjects. J Chronic Dis 1985;   38:  
 543–548. 

 41 Weiss ST: Association studies in asthma ge-
netics. AJRCCM 2001;   164:   2014–2015. 

 42 Elwood M: Critical appraisal of epidemio-
logical studies and clinical trials. Oxford, 
Oxford University Press, 2007, p 111. 

 43 de Marco R, Zanolin ME, Accordini S, Si-
gnorelli D, Marinoni A, Bugiani M, et al: A 
new questionnaire for the repeat of the first 
stage of the European Community Respira-
tory Health Survey: a pilot study. Eur Respir 
J 1999;   14:   1044–1048. 

 44 Kharitonov SA, Barnes PJ: Exhaled biomark-
ers. Chest 2006;   130:   1541–1546. 

 45 Pilger A, Rudiger HW: 8-Hydroxy-2 � -deoxy-
guanosine as a marker of oxidative DNA 
damage related to occupational and environ-
mental exposures. Int Arch Occup Environ 
Health 2006;   80:   1–15. 

 46 Nathan RA, Sorkness CA, Kosinski M, et al: 
Development of the asthma control test: a 
survey for assessing asthma control. J Aller-
gy Clin Immunol 2004;   113:   59–65. 

 47 Baiardini I, Pasquali M, Giardini A, et al: 
Rhinasthma: a new specific QoL question-
naire for patients with rhinitis and asthma. 
Allergy 2003;   58:   289–294. 

 48 Meguro M, Barley EA, Spencer S, Jones PW: 
Development and validation of an improved, 
COPD-specific version of the St. George Re-
spiratory Questionnaire. Chest 2007;   132:  
 456–463. 

 49 Pattaro C, Locatelli F, Sunyer J, de Marco R: 
Using the age at onset may increase the reli-
ability of longitudinal asthma assessment. J 
Clin Epidemiol 2007;   60:   704–711. 

 50 Goldstein H. Multilevel Statistical Models. 
London, Edward Arnold, 1995. 

 51 Prevalence of asthma and asthma symptoms 
in a general population sample from north-
ern Italy. European Community Respiratory 
Health Survey – Italy. Allergy 1995;   50:   755–
759. 

 52 de Marco R, Bugiani M, Cazzoletti L, et al: 
The control of asthma in Italy: a multicentre 
descriptive study on young adults with doc-
tor diagnosed current asthma. Allergy 2003;  
 58:   221–228. 

 53 de Marco R, Poli A, Ferrari M, et al: The im-
pact of climate and traffic-related NO 2  on 
the prevalence of asthma and allergic rhini-
tis in Italy. Clin Exp Allergy 2002;   32:   1405–
1412. 

 54 Frank PI, Hazell ML, Morris JA, Linehan 
MF, Frank TL: A longitudinal study of 
changes in respiratory status in young adults, 
1993–2001. Int J Tuberc Lung Dis 2007;   11:  
 338–343. 

 55 de Marco R, Verlato G, Zanolin E, Bugiani 
M, Drane JW: Nonresponse bias in EC Respi-
ratory Health Survey in Italy. Eur Respir J 
1994;   7:   2139–2145. 

  

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ita
 d

i P
ad

ov
a

79
.3

5.
52

.1
09

 -
 5

/6
/2

02
2 

10
:5

6:
41

 A
M


