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Abstract

The role of genetic and environmental factors, as well as
theirinteraction, 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

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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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
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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
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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,, SO, O;, CO, TSP,
and PM;,) measured over the years of the study (2008-
2010) will be collected in each centre, for ecological com-
parisons.
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Table 1. Tests and questionnaires administered at the clinical
stage of GEIRD

Asthma Allergic COPD/ Controls
rhinitis CB

Questionnaires
Clinical interview
Quality of life (SF-36)
Asthma Control Test
St. George Respiratory
questionnaire X
MRC dyspnoea scale X
Rhinasthma X X

> <
>
>
>

Clinical laboratory tests
Weight, waist/hip measure,
height, blood pressure,
oximetry
Spirometry (slow and forced)
Methacholine challenge test
Reversibility test
Allergological test (SPT, RAST)
6-minute walking test
Biomarkers of inflammation'
Biomarkers of oxidative stress?
Genetic analyses

elalia
<

RNl
PR R XX
R R R R XX
Rl olals

CB = Chronic bronchitis.

! Fractional exhaled NO; pH, hydrogen peroxide, leukotrienes,
isoprostanes, TNF-a and interleukine-8 in exhaled breath con-
densate; percentage of eosinophils, neutrophils, macrophages and
lymphocytes in the induced sputum.

2 8-hydroxy-2’-deoxyguanosine.

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,
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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,
butwho hadirreversibleairflow obstruction atthe 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.

The GEIRD Project

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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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 Palermo! Total
Asthma 465 177 339 112 169 150 196 1,608
COPD/CB 252 110 216 75 - 70 224 947
Allergic rhinitis? 325 136 260 84 160 124 - 1,089
Controls® 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.

! Random sample from the general population aged 45-80 years.
2 A sampling fraction of 0.60 was applied.
% 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)! 2,025 (50.7)!
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.
! Respondents after 3 mail contacts.

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.
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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
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first time in December 2008 and April 2009, respectively.
In Palermo, the screening phase started in September
20009.

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
* 7.0 years among responders and 34.2 * 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.

The GEIRD Project

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 Tsti-
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-
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ONLINE SUPPLEMENTAL TEXT

Selection and identification of cases and controls

According to their responses to the screening questionnaire (see www.geird.org), subjects are
classified asfollows:
- a probable case of asthma, in the case of an affirmative answer to at least one the following
guestions:

-Have you had an attack of asthmain the last 12 months?

-Are you currently taking any medicines (including inhalers, aerosols or tablets) for asthma?

-Have you ever had asthma?

- a probable case of allergic rhinitis, if all the following conditions (1-4) are met:
1) the subject answers affirmatively to at least one of the following questions:
- Do you have any nasal alergies, including hay fever?
- Have you ever had a problem with sneezing, or a runny or a blocked nose when you did
not have a cold or the flu?
2) the subject reports current symptoms or has used drugs for rhinitisin the last 12 months;
3) the subject has symptoms since 2 years or more;

4) the subject has no sinusitis and no nasal polyps.

- a probable case of COPD/CB in the case of an affirmative answer to at least one the following
questions:
- Has a doctor ever told you that you have chronic bronchitis or chronic obstructive

pulmonary disease (COPD) or emphysema?



- Have you had coughing and phlegm on most days for a minimum of 3 months a year and
for at least 2 successive years? and Have you had these symptoms for at least five years?
- Have you had daily wheezing or whistling in your chest in the last 12 months? [1]
- Have you visited a hospital casuaty department or emergency room or have you spent a
night in hospital because of breathing problemsin the last 10 years?
and/or in case the subject has at least a level 2 dyspnea according to the MRC scale (Medical

Research Council); [52]

- a probable control, if a subject answers negatively to all of the previous questions and does not

report wheezing, shortness of breath nor chest tightness in the last 12 months.

Based on the clinical ascertainment, a subject could be classified as:

- an asthma case, if he or she:

1) reports having ever had asthma during the clinical interview and at least one of the following:

- reporting asthma-like symptoms (asthma attacks, wheeze, shortness of breath or chest
tightness) and/or use of drugs for asthmain the last 12 months;

- having a pre-bronchodilator FEV1/FVC <LLN [3] or <70% and a positive reversibility test
(increase in FEV; >12% and >200 ml with respect to pre-bronchodilator FEV; after 400
mcg of salbutamol);

- being positive to the methacholine bronchia provocation test with PD20 < 1mg;

- having a pre-bronchodilator FEVI/FVC < LLN or < 70%, and a post-bronchodilator

FEV1/FVC > LLN and > 70%, and a post-bronchodilator FEV 1 > 80% predicted,;

or
2) reports asthma-like symptoms and/or use of drugs for asthma in the last 12 months and at least

one of the following conditions:



- being positive to the methacholine bronchial provocation test with PD20 < 1mg:
- having a pre-bronchodilator FEV1/FVC < LLN or < 70% and a positive reversibility test;
- having a pre-bronchodilator FEVLI/FVC < LLN or < 70%, and a post-bronchodilator

FEV1/FVC > LLN and > 70%, and a post-bronchodilator FEV 1 > 80% predicted.

- an allergic rhinitis case, if he or she reports during the clinical interview having ever had any

nasal allergies, including hay fever or having ever had a problem with sneezing, or a runny or a
blocked nose in the absence of acold or flu,

and

he /she is positive to at least one alergen (among those considered in the Phenotypization Protocol

asillustrated below) at skin prick test;

- a COPD case, if he or she has a post-bronchodilator FEV1/FVC <LLN or <70%;

All the subjects without asthma and with post-bronchodilator FEV1/FV C greater than the maximum
between 70% and LLN, and reporting persistent (more than 5 years) cough and phlegm or dyspnoea
greater than one at the MRC scale or a doctor diagnosis of chronic bronchitis or COPD or
emphysema or at least one hospitalization/ED visit for respiratory problemsin the last 10 years will
be considered as subjects without bronchial obstruction with chronic respiratory symptoms or

diseases.

- acontrol, if he or sheisnot acase
and
he or she has a FEV 1>70% predicted and a pre-bronchodilator FEV/FVC > 70% and > LLN

and



he or she answers negatively to al the questionsrelated to asthma-like symptoms, asthma drugs and

symptoms of rhinitis, in the clinical interview.

All cases and controls will be matched by study cohort (frequency matching) and centre. For
specific studies on smokers affected by COPD, a specific series of pair-matched controls (one
control for each case) will be identified. Matching will be based on sex, age (+/- 5 years),

cumulative pack-years (+/- 5 pack years) and study cohort.

Phenotypization Protocol

Skin prick test will be performed for Cupressus arizonica, Dermatophagoides pteronyssinus,
Artemisia vulgaris, Dermatophagoides farinae, Ambrosia artemisifolia, Alternaria tenuis, Parietaria
judaica, dog dandruff, Corylus avellana, cat fur, Olea europea, Betula verrucosa, Cladosporium
herbarum and Phleum pratense. Positive histamine and negative diluent controls will be used. The
results will be read after 20 minutes. Skin prick test will be considered positive if the wheal
diameter is> 3 mm. [4]

Blood and urine collection: 33 ml of venous blood will be taken from each subject who consent.
12 ml will be used to extract the serum for IgE titration and 3 ml for complete blood cell count. The
serum will be preserved at -80C° and sent to a local laboratory for total and specific IgE
measurement (cat fur, timothy grass, D. pteronyssinus, Cladosporium herbarum and a local
alergen). 18 ml will be used for genetic analyses (see genetic protocol) and will be sent to the
Division of Genetics and Biology (University of Verona). A 50 ml spot sample of urine will be
taken from each subject who consent for 8-OHdG and creatinine determination. Urine samples will
be preserved at -80C° and sent in batches to the Oncology Experimental Laboratory B (Clinic
Mutagenesis) of the Cancer Institute of Genova that will perform the measurements using specific

ELISA kits.



An additional 11 ml blood sample will be collected for the analyses of RNA and serum proteins
from a small sub-sample (including subjects with mild asthma, subjects with difficult to treat
persistent asthma, subjects with controlled persistent asthma, subjects with alergic rhinitis limiting

daily activitiesto a great extent, subjects with COPD, and controls).

Genetic protocol

At alocal level, the blood sample will be collected in 2x10 ml EDTA tubes and frozen. At a central
laboratory, samples will be stored at -20C° until DNA extraction. Genomic DNA will be extracted
using acommercial kit (ABgene). DNA samples will be stored at -20C° in special freezer. When all
the DNA samples from al the Italian centres are available, candidate gene polymorphisms will be
analysed in cases and controls. Severa molecular methods for the analysis of the polymorphisms
will be used: redtriction enzyme analysis, restriction site generation during PCR, denaturing
gradient gel electrophoresis (DGGE), DNA heteroduplex analysis (HA), primer extension, DNA

sequencing and fragment analysis by fluorescent analysis with automatic sequencer.

House protocols (nutritional and environmental protocols)

All the subjects involved in the phenotypization protocol and who have signed a specific consent
form will receive a home visit during which they will be administered:

1) a nutritional questionnaire aimed at assessing the antioxidant intake with diet. Each subject
will be administered the Epic food frequency questionnaire [5] by trained personnel. Subjects who
are taking antioxidant supplements will be excluded. From the dietary questionnaire, the dietary
intakes will be computed both as energy and nutrient intake (i.e. vitamin C, vitamin E, beta-
carotene, vitamin A, zinc..) and the dietary intakes of foods rich in antioxidant substances.

2) specific occupational modules, aimed at considering some occupations and occupational
exposures (nurses, cleaners, metal workers, soldering irons, housewives, etc), derived from the

ECRHS |1 occupational questionnaire (see www.ecrhs.org); [6]



3) a questionnaire about home characteristics, aimed at characterising sources of indoor air
pollutants, and exposure to allergens, derived from the ECRHS Il environmental questionnaire (see:
www.ecrhs.org). [6]

4) individual total exposure assessment. Depending on funds, in some centres cases and controls
will be asked to wear personal passive samplers to assess the average concentration of ozone,
formaldehyde and PM5. The samplers will be withdrawn after 7 days for the assessment of ozone
and formaldehyde, and after 24h for the assessment of PM5. Passive samplers used to assess the
ozone, the formaldehyde and the PM5 concentration, will be sent to a central laboratory. Cases and

controls will be matched by date of individual measurement (+/- 2 days).

Outdoor pollution protocol

The residentia street address collected during the clinical interview will be geocoded by the GPS
technology. The coordinates will be expressed both in the UTM 32 and in Gauss-Boaga systems. In
collaboration with National Agency for Environment Prevention and Protection, annual mean
values of main pollutants (NO2, PM10, PTS, ozone) will be associated to every geocoded point.
These values will be estimated by means of air emission modelling (Industrial Source Complex
(ISC) and the Lagrangian particle model SPRAY) and will be used as an individual indicator of

environmental exposure in the analysis of the data.

Expected number of probable cases and probable controls that will undergo phenotypization

The expected number of probable cases of asthma, alergic rhinitis, COPD/CB, and of probable
controls that will undergo the phenotypization was estimated by using centre-specific prevalence
estimates and participation rates determined from figures found in the databases of the ECRHS-
Italy and ISAYA studies [7-12]. For example, we will screen about 7900 subjects (new random
sample and cohorts) in the centre of Verona. We expect that the final response rate to the screening

questionnaire will be about 70%, amounting to 5530. Of these, about 12% (664 subjects) are



expected to report a diagnosis of asthma or symptoms suggestive of asthma (ever asthma or
reported attack of asthma or using medication for asthmain the last 12 months). Assuming that the
participation rate will be approximately 70% in the clinical stage, 465 probable asthma cases will be
recruited in the GEIRD case-control study (maximum expected number of cases for the centre of
Verona). About 42% of the screened population (2323) are expected not to report any symptoms
suggestive of asthma/rhinitis’or COPD/CB (probable controls). Assuming that the participation rate
in the GEIRD clinical stage will be the same as the cases (70%), we will select a 30% sample, in
order to send 488 probable controls to the clinical centre involved in the study. Therefore, the
number of controls slightly exceeds the number of asthma cases.

Using the prevalence estimates of 6.5% and 14% for COPD/CB and allergic rhinitis (without
asthma and COPD/CB), we expect that 359 probable cases of COPD/CB and 774 probable cases of
alergic rhinitis will answer the screening questionnaire. All the probable cases of COPD/CB and a
sampling fraction of 0.60 of probable cases of alergic rhinitis will be invited to take part in the
clinical stage of GEIRD, i.e 359 and 464, respectively, with the final numbers expected to be 252
probable cases of COPD/CB and 325 probable cases of allergic rhinitis (if the usual participation
rate of 70% is expected in the clinical stage).
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