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ABSTRACT

Background: The prevalence of respiratory diseases increased during last centuries and the
rapid rise in the prevalence of such diseases cannot be explained by genetic factors.
Analyses on general population samples investigated at interval of some years can permit
to better comprehend these increases and the associated risk factors, adding new evidences
on this important item taking into account the real life setting.

Aims: to assess real life temporal changes in respiratory diseases/symptoms (asthma,
allergic rhinitis - AR - and chronic obstructive pulmonary disease - COPD) and associated
risk factors in general population samples investigated during a period of 30 years.
Methods: a general population sample from 4 studies (PISA1: 1985-1988; PISA2: 1991-
1993; PISA3: 2009-2011; AGAVE: 2011-2014), completing a questionnaire on respiratory
symptoms/diseases, risk factors exposure and performing spirometry and skin prick test,
was analyzed.

Respiratory  symptoms/diseases cumulative incidence, remission, persistence,
multimorbidity and phenotypes were computed.

Cross-sectional risk factors exposure (smoking habits, occupational exposure, vehicular
traffic exposure) and longitudinal changes in risk factors exposure (incidence, persistence,
remission) were considered.

Multiple logistic regression, multinomial logistic regression and latent transition analyses
were run to assess the relationship between respiratory disease outcomes and risk factors
exposure.

Results: substantial temporal changes in respiratory symptoms/diseases in general
population samples were found: respiratory symptoms/diseases new onset ranging from

3.4% for asthma to 33.1% for AR; 52.5% of asthma remission and 39.6% of COPD



remission; 17.2% of asthma underdiagnosis and 30.4% of COPD underdiagnosis (defined
as symptoms persistence without lifetime physician diagnosis); 18.6% of respiratory
multimorbidity new onset. Moreover, the following longitudinal trajectories of respiratory
symptoms/diseases phenotypes were computed over 18 years: 2% improving health status,
52.2% persistent health status, 22.9% persistent AR, 9% persistent usual cough/phlegm,
13.8% worsening health status.

Temporal changes (i.e. persistence and incidence) in lifetime habits and in exposure to risk
factors were differently associated with the temporal changes in respiratory diseases
occurrence in a real life setting.

Smoking habits were related to: persistent disease condition, in particular persistent usual
cough/phlegm phenotype; worsening health status due to new onset of usual
cough/phlegm, COPD and respiratory mutimorbidity. Occupational exposure was related
to: persistent medical condition, in particular persistent usual cough/phlegm phenotype;
new onset of respiratory multimorbidity and morbidity, in particular of allergic diseases
and bronchitic symptoms/diseases. Vehicular traffic exposure was related to: new onset of
respiratory multimorbidity and morbidity, in particular of allergic diseases and of asthma
symptoms.

Moreover, passive smoke exposure and occupational exposure reduced the probability of
asthma remission; living in an urban area reduced the probability of asthma and COPD
remission; smoking habits seemed to facilitate COPD diagnosis, while masking asthma
diagnosis.

Comorbidities reduced the probability of asthma and COPD remission and facilitated
COPD diagnosis.

Conclusions: few longitudinal studies on general population are available in literature; the

Pisa survey permitted to assess an important topic, like the increase of respiratory
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symptoms/diseases, addressing different and specific aspects, with different
methodological approaches, and adding new scientific evidences.

The obtained results should be considered for primary prevention strategies in order to
reduce the burden of chronic diseases in the general population and for prevention and

management strategies of respiratory diseases in health care setting.



ABBREVIATIONS

AO: Airway Obstruction

AR: Allergic Rhinitis

ATS: American Thoracic Society
BIC: Bayesian Information Criterion
BMI: Body Mass Index

95% CI: 95% Confidence Interval
COPD: Chronic Obstructive Pulmonary Disease
ERS: European Respiratory Society
LLN: Lower Limit of Normal

LTA: Latent Transition Analysis
OR: Odds Ratio

PI1: Pisa 1 survey

PI2: Pisa 2 survey

PI3: Pisa 3 survey

SPT: Skin Prick Test

WHO: World Health Organization



ORIGINAL PAPERS

This thesis is based on the following papers, referred to in the text by their Roman

numerals.

I

II.

I11.

IV.

Sara Maio, Sandra Baldacci, Laura Carrozzi, Francesco Pistelli, Marzia Simoni,
Anna Angino, Stefania La Grutta, Vito Muggeo, Giovanni Viegi. Incidence of
respiratory symptoms and diseases is still elevated: the 18-yr follow-up of
the Pisa epidemiological study. (Submitted).

Sara Maio, Sandra Baldacci, Marzia Simoni, Anna Angino, Stefania La Grutta, Vito
Muggeo, Nicola Murgia, Giovanni Viegi, on behalf of the AGAVE group. Asthma
remission and underdiagnosis and associated risk factors in Italian general
population samples. (Submitted).

Sara Maio, Sandra Baldacci, Marzia Simoni, Anna Angino, Stefania La Grutta, Vito
Muggeo, Giovanni Viegi. COPD remission/persistence and associated risk factors
in Italian general population samples. (/n preparation).

Sara Maio, Sandra Baldacci, Salvatore Fasola, Marzia Simoni, Anna Angino, Stefania
La Grutta, Vito Muggeo, Giovanni Viegi. Temporal changes in multimorbidity
and associated risk factors in Italian  general population samples. (In
preparation).

Sara Maio, Sandra Baldacci, Salvatore Fasola, Stefania La Grutta, Vito Muggeo,
Giovanni Viegi. Trajectories of respiratory disease phenotypes and associated

risk factors in the 18-yr Pisa epidemiological study. (/n preparation).



. INTRODUCTION

Recent cross-sectional studies showed an increasing prevalence of respiratory
symptom/diseases in the last decades.

Epidemiological surveys on general population samples investigated during
different periods of their life can be an important source of data to better comprehend the
risk factors associated with the increase of respiratory diseases in the real life setting;
longitudinal studies can add further information about the increasing trend of respiratory
symptom/diseases, permitting to assess their natural history and long term outcomes. In
particular, incidence, persistence and remission rates can be assessed.

Nevertheless, few longitudinal studies on general population are available in
literature.

Moreover, a current challenge in chronic respiratory diseases assessment is the
evaluation of multimorbidity and disease phenotypes for a better diseases management and
identification of specific risk factors.

This work is an epidemiological study on respiratory health status in general
population samples. It was conducted in Tuscany (Pisa), in a cohort of subjects living in a
suburban/urban area. The study started in 1985 and the last follow-up was performed in
2011. Data coming from this study were already analyzed in previous papers using
statistical approaches for cross-sectional and longitudinal assessments (i.e. generalized
estimating equation — GEE).

The aim of this thesis was to assess real life temporal changes in respiratory
diseases/symptoms (asthma, allergic rhinitis and chronic obstructive pulmonary disease)
and associated risk factors in Pisa general population samples investigated during a period

of 30 years, applying simple and more complex statistical approaches.



Strong scientific evidences showed that the prevalence of respiratory symptoms/diseases

increased worldwide.

Table 1. Respiratory symptoms/diseases prevalence trend

II. BACKGROUND

Asthma Ekerljung Sweden n=~5600 1996/2007 From 7.6%

diagnosis 2010 [1] 20-69 yrs 11 yrs t0 9.3%
Fukutomi  Japan n=12152 and n=3829  1985/1999 From 2.1%
2011 [2] > 15 yrs 14 yrs t0 3.9%
De Marco  Italy n=6031 and n=10494  1991/2010 From 4.1%
2012 [3] 20-44 yrs 10 yrs t0 6.6%

AR Bjerg Sweden  n=8982 and n=9156 1990/2008 From 21.6%
2011 [4] 20-44 yrs 18 yrs to 30.9%
De Marco  Italy n=6031 and n=10494  1991/2010 From 16.8%
2012 [3] 20-44 yrs 10 yrs to 25.8%
Maio Italy n=3865 and n=1620 1985/2010 From 16.2%
2016 [5] 4-97 yrs 25 yrs to 37.4%

COPD Gershon Ontario ~ More than 5 millions* 1991/2007 From 7.8%
2010 [6] > 35 yrs 16 yrs t0 9.5%
Waatevik  Norway n=1664 1996/2003  From 7.0%
2013 [7] 35-90 yrs 8 yrs to 14.0%
Maio Italy n=3865 and n=1620 1985/2010 From 2.1%
2016 [5] 4-97 yrs 25 yrs t0 6.8%

* health administrative data.
AR: allergic rhinitis; COPD: chronic obstructive pulmonary disease.

To better understand this increasing trend of respiratory symptoms/diseases, data
coming from longitudinal studies, focusing on diseases natural history and long term
outcomes, are necessary; in particular, disease incidence, persistence and remission rates
should be assessed. Moreover, an accurate evaluation of multimorbidity and disease
phenotypes is needed for a better diseases management and identification of specific risk
factors.

The following sections address the current knowledge on respiratory health,

focusing on incidence, remission, underdiagnosis, multimorbidity and disease phenotypes.
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II.1 INCIDENCE OF RESPIRATORY SYMPTOMS/DISEASES

Recent studies showed significant values of respiratory symptoms/diseases incidence in

general population (table 2).

Asthma incidence rates ranged from 2% to 6% in adult subjects at 10-20 yr follow-up

8-11]; among adolescents an asthma cumulative incidence of 7% emerged at 6.5-yr
g

follow-up [12].

A 9-yr follow-up of European young adults showed a 12% allergic rhinitis (AR)

cumulative incidence [13]; a more recent follow-up of German young adults showed a

cumulative incidence value of 8.0% at 20-yr follow-up [14].

Finnish investigators found a chronic bronchitis cumulative incidence of 14% at 30-yr

follow-up in adult subjects [15]. Cough and phlegm showed lower incidence (about 3%) in

a US adult cohort at 3-yr follow-up [16]. Airway obstruction (AQO) incidence values

ranging from 3% to 7% at about 10-yr follow-up were found [17-18].

Table 2. Respiratory symptoms/diseases cumulative incidence rates

Asthma Torén Western n=15761 1990-2008 2.3 1.3
diagnosis 2011 [8] Sweden 16-75 yrs 18 yrs
Pallasaho  Finland n=4302 1996-2007 4.0 3.6
2011 [9] 20-69 yrs 11 yrs
Hansen Switzerland n=5128 1991-2001 6.4 3.2
2015 [10] 18-60 yrs 20 yr
Verlato Italy n=3187 1999-2008 4.6 5.1
2016 [11] 20-54 yrs 9 yrs
Hedman Sweden n=3151 2000 7.2 11.1
2015 [12] 11-12 yrs 6.5 yrs
AR Radon 27 n=4994 1992-2001 12.0 13.3
2008 [13]  European 20-44 yrs 9 yrs
countries
Gallmeier =~ Germany n=754 1990-1992 7.9 4.0
2014 [14] 20-44 yrs 20 yrs
COPD or Johannesse Norway n=908 1987-1996 6.1 6.7
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CB n 2005 18-74 yrs 9 yrs
[19]
Pelkonnen  Finland n=345 men 1959-1989 14.0 4.7
2006 [15] 40-59 yrs 30 yrs
Usual Mirabelli ~ US n=8967 ‘80s 3.5 11.7
cough 2012 [16] 45-64 yrs 3 yrs
Usual 34 11.3
phlegm
LLN AO Mehta Switzerland n=4023 1991-2002 7.4 6.7
2012 [17] 18-62 yrs 11 yrs
Marcon Europe n=4205 1991-1993 2.6 2.9
2018 [18] 20-44 yrs 9 yrs

Cum.: cumulative; incid.: incidence; AR: allergic rhinitis; COPD: chronic obstructive
pulmonary disease; CB: chronic bronchitis; LLN AO: airway obstruction according to
lower limit of normal.

The rapid rise of such diseases cannot be explained by genetic factors alone [20].
Main environmental risk factors associated with lifetime increase of respiratory
symptoms/diseases prevalence and incidence are tobacco use, air pollutants and
occupational exposure, as reported in World Health Organization (WHO) official
statements [21-23]. In particular, rapid urbanization and industrialization throughout the
world have increased air pollution and population exposures, so that most epidemiologic
studies are focusing on possible links between air pollution and respiratory diseases [22,

24-26].

I1.2 REMISSION  AND UNDERDIAGNOSIS OF RESPIRATORY
SYMPTOMS/DISEASES

In the last decades, nevertheless effective pharmacological treatments and management
strategies have been developed, chronic respiratory diseases remain treatable but not
curable diseases. Thus, much effort was put into studying the risk factors associated with
their inception and progression, since understanding these factors represents the first

necessary step for developing effective prevention strategies [27-28].
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From a clinical standpoint, to elucidate the asthma and chronic obstructive
pulmonary disease (COPD) natural history and long term outcomes is a issue of primary
importance.

Studies on asthmatic cohorts can help [27]. Asthma may onset at any age (even if
manly in children) and is known to clinically persist, possibly resolve and/or present
remission over time. For these reasons, asthma progression is difficult to be characterized
and predicted [29] and little is known about the asthma activity and inactivity and its
correlated risk factors [29-30]. Indeed, few epidemiological studies have focused on
factors associated with asthma remission [30-34].

COPD has been described by the WHO GOLD guidelines as a disease
characterized by airflow limitation that is not fully reversible [35], but remission of COPD
symptoms (chronic cough and chronic phlegm) is possible; nevertheless, few studies have
examined the remission of respiratory symptoms in general population cohorts and the
associated factors [36].

Another problem related to asthma and COPD is their underdiagnosis even if the
first international guidelines were published since ‘90s [35,37]. Most patients, in particular
elderly, don't report their symptoms to the general practitioner (GP) because they don't
recognize them or are suffering from other comorbidities with similar clinical
manifestations like heart failure; thus, they remain unknown and undiagnosed. On the other
side, patients who do present with respiratory problems and who have reduced lung

function are not always recognized as such or they are underestimated [38-40].

I1.3 MULTIMORBIDITY
Multimorbidity denotes multiple medical conditions within a single patient.

Multimorbidity is distinct from comorbidity because there is no primary or index
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condition. Nowadays, there is no a standard definition and this fact has led to wide
discrepancies in prevalence estimates (ranging from 13% to 72% in general population)
[41]. A study of 28 countries, using the World Health Survey, showed that the increasing
prevalence of multiple chronic conditions is now a global phenomenon [42] and it is
expected to continue rising [43]. Indeed, the lifespan of population is increasing because of
improvements in public health measures and the significant success of modern medicine
and technology. However, although populations are living longer, they are not necessarily
living disease-free for a longer period [44].

Evidence from high-income countries suggested that multimorbidity is highly
prevalent in older populations (over 65 years of age), but it also affects younger people. As
such, multimorbidity from chronic conditions is now widespread, with at least 50 million
people affected in the European Union alone [43,45].

Most of the evidence on multimorbidity came from cross-sectional studies and
longitudinal studies are limited [43], even if there are some findings highlighting that the
prevalence of some types of multimorbidity increased over time [46].

The main risk factor for multimorbidity increase is the ageing population but also
other factors such as high body-mass index, urbanisation and the growing burden of non
communicable diseases play a role. Few data are available about modifiable factors that
predict the risk of different types of multimorbidity [41]: it remains unknown whether
there are biological, environmental or behavioural factors. The identification of any such
factors, and the assessment of the likelihood of causality, requires data from prospective

observational studies [43].
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11.4 DISEASES PHENOTYPES

Chronic respiratory diseases are complex diseases characterized by a strong clinical
heterogeneity and possible phenotypic variability over time [47]. An accurate assessment
of phenotypes is needed for better diseases management and for better identification of
phenotype-specific risk factors. Disentangling disease phenotypes is a current challenge
[47-48].

Beside the “candidate” approach that identifies a priori phenotypes on the basis of
one or few disease characteristics, unsupervised or data driven approaches have been
proposed to unravel the heterogeneity of chronic diseases by means of a clustering
approach integrating multiple disease features, possibly identifying and defining objective,
novel or previously unrecognised phenotypes [47,49]. The application of data-driven
approaches has yielded phenotypic classifications that are clinically meaningful and
interpretable and that are relevant to prognosis [48].

To date, clustering analyses have been performed in a cross-sectional manner
(Latent Class Analysis - LCA), by integrating several domains of the disease measured at
one point in time, or longitudinally, by using a single disease characteristic assessed at
several time points to define trajectories [47,49]. On the contrary, the application of data-
driven approaches to define longitudinal phenotypes of chronic diseases remains largely
unexplored. Latent transition analysis (LTA) permits to incorporate the longitudinal pattern
of several disease manifestations into one statistical model to simultaneously define
phenotypes and to examine transitions over time [47-49]. If disease prevalence changes,
there is a need to understand what dynamics contributed to the change; transition

probabilities better explain the nature of such changes [49].
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III. AIMS

The overall aim of this thesis was to assess real life temporal changes in respiratory
diseases/symptoms (asthma, AR and COPD) and associated risk factors in general

population samples investigated during a period of 30 years.

II1.1 SPECIFIC AIMS

1. To assess incidence of respiratory symptoms/diseases and associated risk factors
(PAPER 1);

2. To assess remission and persistence of respiratory symptoms/diseases and associated
risk factors (PAPERS II, I1I);

3. To assess respiratory multimorbidity and associated risk factors (PAPER IV);

4. To assess trajectories of respiratory disease phenotypes over time and associated risk

factors (PAPER V).
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IV. METHODS

IV.1 STUDY POPULATION

This study takes into account 4 population-based samples living in the urban/suburban area
of Pisa (Central Italy) and investigated from 1985 to 2014: Pisa 1 survey (PI1) (1985—
1988, n=3865), Pisa 2 survey (P12) (1991-1993, n=2841), Pisa 3 survey (PI3) (2009-2011,
n=1620), AGAVE survey (2011-2014, n=480).

PI1: in 1985-1988, a general population sample of 3865 subjects (84% of the
invited subjects) was investigated with the aim to assess the COPD natural history and the
related risk factors. The sample was enrolled through a randomized, stratified by socio-
economic status, family-cluster design [50] (figure 1).

PI2: a second cross-sectional survey was carried out in 1991-1993. Beside those
participating in PI1, new volunteer subjects belonging to the family unit were recruited:
newborns, new spouses and subjects not available to participate in PI1. Overall, 2841
subjects (69% of the invited subjects) were investigated. 2257 subjects participated in both
PI1 and PI2 surveys, corresponding to a longitudinal participation rate of 58% (66% if
those dead or moved were excluded from the computation) with a mean follow-up of 6
years (figure 1).

PI3: a third cross-sectional survey was carried out in 2009-2011 within the
European IMCA2 (Indicators for Monitoring COPD and Asthma in the EU) project.
Beside those participating in PI1 and/or PI2, new volunteer subjects belonging to the
family unit were recruited: newborns, new spouses and subjects not available to participate
in PI1 and/or PI2. Overall, 1620 subjects (69% of invited) were investigated. 1107 subjects
participated in both PI2 and PI3 surveys, corresponding to a longitudinal participation rate

of 39% (68% excluding those dead or moved) with a mean follow-up of 18 years. 849
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subjects participated in all the 3 surveys PI1, PI2 and PI3, corresponding to a longitudinal
participation rate of 22% (38% excluding those dead or moved) with a mean follow-up of
25 years (figure 1).

AGAVE: in a more recent survey (the AGAVE project, 2011-2014), subjects
reporting asthma diagnosis or asthma symptoms (asthma attacks or wheezing) in at least
one of the previous epidemiological surveys (PI1, PI2, PI3) were newly investigated.
Overall, 480 subjects (69% of invited) were investigated, with a mean follow-up of 20

years (figure 1).

Figure 1. Flow chart of the participation
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non participants | [ PI3 participants | | |PI3 participants || non participants | (P13 participants
I

n=437 n=235 =76

n=480 n=1107

§ subjects reporting asthma diagnosis or asthma
| | | symptoms (asthma attacks or wheezing) in at least one
I of the previous epidemiological surveys (PI1/P12/PI3).

Tatal PI3 participants
(2009-2011)
n=1620 * newboms, new spouses or subjects not available in PI1/P12
(69% of 2335 mwvited) ** subsample recruited for a feasibility study collecting a
limited number of information.

For this thesis, the following longitudinal sub-samples were analyzed:

1) subjects participating in both P12 and PI3 surveys (n=1107) (PAPERS I, IV, V);
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2) subjects participating in AGAVE, that is subjects reporting asthma symptoms/diagnosis
in at least one of the previous surveys PI1, PI2, PI3 that accepted to participate in AGAVE
survey (n=480) (PAPER II);

3) subjects participating in PI3 and reporting COPD symptoms/diagnosis in at least one of
the previous surveys PI1, P12 (n=257) (PAPER III);

4) subjects participating in P11, PI2 and PI3 surveys (n=849) (PAPER IV).

IV.2 ETHICAL COMMITTEE

Italian law didn’t request the approval of Ethical Committee at the time of PI1/PI2. The
protocol was approved by an Internal Revision Board within the Preventive Medicine
Targeted Project of the Italian CNR.

PI3 study protocol, patient information sheet and consent form were approved by
the ethics committee of the Pisa University Hospital (Azienda Ospedaliero-Universitaria
Pisana, Prot. no. 23887, April 16, 2008).

AGAVE study protocol, patient information sheet and consent form were approved
by the ethics committee of the Pisa University Hospital (Azienda Ospedaliero-

Universitaria Pisana, Prot. no. 17658, March 21, 2011).

IV.3 DATA COLLECTION TOOLS

The same study protocol was used in PI1 and PI2. Information on respiratory
symptoms/diseases and risk factors were obtained through a standardized interviewer-
administered questionnaire developed by the National Research Council [51]. Moreover, in
P12, a subsample performed instrumental measurements to assess respiratory failures and
atopy: a) all <75 year subjects were invited to perform spirometry (forced vital capacity-

FVC- manoeuvre) according to the American Thoracic Society (ATS) protocol [52],
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through a water-sealed spirometer (Baires, Biomedin) [53] (participation rate 67%); b) the
sensitization to 12 local allergens (pollens, house dust mites, animal dander, moulds) was
assessed in volunteers by skin-prick test reactivity using a standardized protocol
(participation rate 77%) [54].

As regards PI3, an interviewer-administered questionnaire on respiratory
symptoms/diseases and risk factors was designed using questions from previously
validated questionnaires [5,51,55-56]. Moreover, all subjects were invited to perform
spirometry (FVC manoeuvre) according to the ATS/European Respiratory Society (ERS)
protocol [57], through an hand-held ultrasonic spirometer (EasyOne Model 2001
Spirometer, NDD Medical Technologies) (participation rate 55%) (n=689).

In the AGAVE project, subjects were investigated using an epidemiological
questionnaire based on the main items of the GINA guidelines [37] regarding asthma
symptoms/diagnosis, clinical characteristics, asthma treatment, exacerbations, symptoms’
control, comorbidities and risk factors exposure. The questionnaire was reviewed and
approved by an interdisciplinary internal board comprised of pneumologists, allergists and
epidemiologists.

Figure 2. Tools for data collection

Interviewer-administered questionnaire about respiratory symptoms/diseases
and risk factors

PI1 P12 PI3 AGAVE
n=3865 n=2841 n=1620 n=668
N\

Spirometry

PI2 P13
n=1890 n=689

Skin prick test

PI2
n=2184
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IV.4 DEFINITIONS
The variables of importance to this thesis are below described. All variables, except airway
obstruction and allergic sensitization, were based on questionnaire reports.

Procedures of harmonization of the different databases and objectives
measurements and procedures of data quality assessment, necessary to compute new
comparable variables in the four surveys (P11-PI2-PI3-AGAVE), were performed (table 3,

table 4).

Table 3. Data harmonization: comparison among different questions of the four

surveys and computed outcome variables

Asthma diagnosis (yes, no)

Asthma confirmed by a physician X X X X

Current asthma attacks (ves, no)

Current attacks of shortness of breath X X - -
with wheezing apart from common colds

Last 12 months attacks of shortness of - - X X
breath with wheezing apart from common
colds

Current wheeze (yes, no)

Current wheeze apart from common X X - —
colds

Last 12 months wheeze apart from --- --- X X
common colds

AR symptoms/diagnosis (yes, no)

Hay fever or other conditions causing X X X X
runny or blocked nose, apart from
common colds

Usual phlegm (yes, no)

Usual phlegm for some part of the year X X X -
apart from common colds

Usual cough (yes, no)

Usual cough for some part of the year X X X ---
apart from common colds
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COPD diagnosis (yes, no)

Chronic bronchitis or emphysema X X --- -~
confirmed by a physician

Chronic bronchitis, emphysema or COPD | --- - X X
confirmed by a physician

LLN AO (yes, no)

FEV/FVC percentage predicted < LLN | --- X (33.0% | x(58.0% | ---
[58]* mys) mys)

SPT positivity (yes, no)

Mean wheal diameter > 3 mm than that --- X (23.0% | --- -
determined by the negative control mys)

[54]**

AR: allergic rhinitis; COPD: chronic obstructive pulmonary disease; AO: airway
obstruction; SPT: skin prick test; mys: missing.

* LLN was derived from population-specific prediction equations [59].

** allergic sensitization at least one of 12 local allergens (pollens, house dust mites, animal
dander, moulds).

Table 4. Data harmonization: comparison among different questions of the four

surveys and computed demographic characteristics and risk factors variables

Age (continuous variable)

Difference between date of issue and | x X X X
date of birth

Sex (males, females) X X X X
Body mass index (BMI) (continuous variable)

Rate between reported weight (Kg)/ X X - X
reported height® (meter) (0.5% mys)

Rate between measured weight (Kg)/ | --- - X -
measured height” (meter) (40% mys)
BMI groups (underweight, normal weight, overweight, obese)

Underweight (BMI<18.50) X X X X
Normal weight (18.51<BMI<25.00) (0.5% mys) (40% mys)
Overweight (25.01<BMI<30.00)

Obese (BMI>30.01)

Educational level (< 8 yrs, 8-13 yrs, > 13 yrs)

< 8 yrs of education (elementary X X X X
school)

8-13 yrs (medium high / high school)
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> 13 yrs (university and other)

Area of residence (urban, suburban)

Urban (living in Pisa)
Suburban (living in Cascina)

Family history of COPD (yes, no)

Family history (at least one parent) of
emphysema or chronic bronchitis

Family history of respiratory diseases (yes, no)

Family history (at least one parent) of
emphysema or chronic bronchitis or
asthma

Family history of allergic rhinitis (yes, no)

Family history (at least one parent) of
allergic rhinitis

Second hand smoke exposure (yes, no)

Usual passive smoke exposure

X

Current home passive smoke exposure

Smoking habits (current smokers, ex smokers, non smokers)

Life time smoking habits (yes, no) +
age of end:

current smoker (current smoking
habits)

ex smoker [smoking habits + (age of
end < subject’s age)]

non smokers (no lifetime smoking
habits)

X

X

Occupational exposure (ves, no)

Exposure to fumes/gases/dusts at work

Vehicular traffic exposure (yes, no)

Reported exposure to vehicular traffic
near home (yes, no)

Reported frequency of vehicular
traffic near home
(continuously+frequently,
seldom+never)

COPD: chronic obstructive pulmonary disease; mys

: missing.

23



IV.5 OUTCOMES

Different outcomes were computed for achieving the thesis aims:

IV.5.1 Respiratory symptoms/diseases incidence (PAPER I)

Respiratory symptoms/diseases cumulative incidence was computed in the longitudinal
subsample of the subjects reporting symptoms or diagnoses in PI3 but without symptoms
& diagnoses in P12 ("population at risk"), considering as incident cases the following:

- for asthma diagnosis/asthma attacks: reported asthma diagnosis/asthma attacks in
PI3 questionnaire but neither asthma diagnosis nor current asthma attacks in PI2
questionnaire (n=1008);

- for AR symptoms/diagnosis: reported AR diagnosis or AR symptoms in PI3
questionnaire but neither AR diagnosis nor AR symptoms in PI2 questionnaire
(n=885);

- for COPD diagnosis/usual phlegm/usual cough: reported COPD diagnosis/usual
phlegm/usual cough in PI3 questionnaire but neither COPD diagnosis nor COPD
symptoms (usual phlegm and usual cough) in PI2 questionnaire (n=866);

- for LLN AO: LLN AO in PI3 but not in PI2 (n=368).

Cumulative rates for the incidence of symptoms and diseases over the eighteen-year
follow-up were calculated as follows: "incidence" = "incident cases" / "population at

risk".

IV.5.2 Asthma remission/persistence (PAPER II)
Asthma was classified according to the longitudinal changes in the presence/absence of
symptoms/diagnosis from previous surveys (PI1/PI2/PI3) to the AGAVE survey, as

(mutually exclusive categories): Remittent asthma, asthma symptoms (current asthma
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attacks or wheeze) or asthma diagnosis in at least one of the previous surveys and absence
of current (last 12 months) asthma symptoms & diagnosis & use of asthma medications in
AGAVE survey; Persistent asthma symptoms, only current asthma symptoms (without a
lifetime physician diagnosis) in both previous surveys and AGAVE survey (a condition
interpreted as asthma “underdiagnosis™); Persistent asthma, current asthma (with lifetime

physician diagnosis) in both previous surveys and AGAVE survey.

IV.5.3 COPD remission/persistence (PAPER III)

COPD was classified according to the longitudinal changes in the presence/absence of
symptoms/diagnosis from previous surveys (PI1, PI2) to the PI3 survey, as (mutually
exclusive categories): Remittent COPD, COPD diagnosis or symptoms (usual cough or
usual phlegm) in at least one of the previous surveys and absence of current COPD
symptoms & diagnosis in PI3 survey; Persistent COPD symptoms, only current usual
cough or usual phlegm (without a lifetime physician diagnosis) in both previous surveys
and PI3 survey (a condition interpreted as COPD “underdiagnosis™); Persistent COPD,

current COPD (with lifetime physician diagnosis) in both previous surveys and PI3 survey.

IV.5.4 Longitudinal changes in multimorbidity (PAPER 1V)

Respiratory multimorbidity (multiple medical conditions within a single subject) was

computed considering the co-presence of asthma, AR and COPD symptoms/diagnosis.
Longitudinal changes in the number of medical conditions within a single subject

were computed (mutually exclusive categories): Never/improving, never asthma & AR &

COPD / reduction in the number of medical conditions (i.e. from 1 to 0 condition; from 2

to 1 condition; from 3 to 2/1 conditions); Persistent medical condition; Incident morbidity
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(i.e. from 0 to 1 condition); Incident multimorbidity (i.e. from 0/1 to 2/3 conditions; from 2

to 3 conditions).

IV.5.5 Longitudinal respiratory disease phenotypes (PAPER V)

LTA was used to characterize the respiratory disease phenotypes (see section "Latent
transition analysis" for major details). Manifest variables, considered to characterize the
phenotypes, were presence/absence of the following symptoms/diseases at PI2 and PI3:
asthma, attacks of asthma, AR, COPD, usual cough, usual phlegm, SPT positivity, LLN
AO. Estimate of four phenotypes for each time yielded the best Bayesian Information
Criterion (BIC).

Based on respiratory symptoms/diseases frequency, cross-sectional mutually
exclusive phenotypes were labelled in PI2 and PI3 as: “Non atopic, healthy”, “Atopic,
AR”, “Non atopic, usual cough/phlegm”, “Atopic, asthma & usual cough/phlegm & AR”
(labelled as “Atopic, asthma & AR” in P12). At each time, the subjects were assigned to the
phenotype associated with the maximum posterior probabilities of latent class membership
[60].

Based on the matrices of transition probabilities, the following longitudinal
phenotypes (longitudinal trajectories) were defined: “Persistent healthy” (“Non atopic,
healthy” phenotype in both PI2 and PI3 surveys); “Persistent AR” (“Atopic, AR” in both
P12 and PI3); “Persistent usual cough/phlegm” (“Non atopic, usual cough/phlegm” in both
P12 and PI3); “Improving health status” (improvement of health status from PI2 to PI3:
“Non atopic, usual cough/phlegm” changing in “Non atopic, healthy”; “Atopic, asthma &
AR” changing in “Non atopic, healthy™); “Worsening health status” (worsening of health
status from PI2 to PI3: “Non atopic, healthy” changing in “Non atopic, usual

cough/phlegm”; “Atopic, AR” changing in “Atopic, asthma & usual cough/phlegm &
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AR”; “Atopic, asthma & AR” changing in “Atopic, asthma & usual cough/phlegm &

AR”).

IV.6 LONGITUDINAL RISK FACTORS
Temporal changes in exposure to the main risk factors for respiratory diseases were
analyzed in papers I, IV and V:

Smoking habits were coded into 5 mutually exclusive categories: Never (non
smoker subjects both in PI2 and PI3), Persistent (smoker subjects both in PI2 and PI3),
Incident (subjects starting to smoke in the period between PI2 and PI3), Remittent for < 18
yrs (subjects stopping smoking in the period between PI2 and PI3), Remittent for > 18 yrs
(subjects who had stopped smoking before P12).

Occupational exposure (self-reported exposure to dusts/fumes/gases at work) was
codified into 4 mutually exclusive categories: Never (unexposed subjects both in PI2 and
PI3), Persistent (exposed subjects both in PI2 and PI3), Incident (subjects becoming
exposed in the period between PI2 and PI3), Remittent (subjects quitting exposure between
PI2 and PI3).

Vehicular traffic exposure (self-reported exposure to vehicular traffic near home)
was codified into 4 mutually exclusive categories: Never (unexposed subjects both in P12
and PI3), Persistent (exposed subjects both in PI2 and PI3), Incident (subjects becoming
exposed in the period between PI2 and PI3), Remittent (subjects quitting exposure between

PI2 and PI3).
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V. STATISTICAL ANALYSES

Overall, statistical analyses were carried out using the Statistical Package for the Social
Sciences (SPSS version 17.0); R software (version 3.4.2) was used for running the latent
transition analysis.

Comparisons between groups were performed by chi-square test for categorical
variables and analysis of variance for continuous variables.

A post-hoc analysis was run to assess the source of statistically significant result in
case of contingency table larger than a 2 x 2. An adjusted standardized residual having
absolute value that exceeded 2, when there was few cells, or 3, when there was many cells
(>12), was used to define the significant contribution of the cell to the magnitude of the
resulting value obtained by chi-square test [61-62].

Multivariate analyses by logistic regression models were used to calculate Odds
Ratio (OR) and Relative Risk Ratio (RRR) with 95% confidence interval (95% CI).

In particular the following analyses were run:

V.1 MULTIPLE LOGISTIC REGRESSION ANALYSIS
Logistic regression is a statistical tool used to model the probability of success of a binary
response variable (e.g. presence/absence of a disease) as a function of continuous and/or
categorical (in this case, the analysis is also referred to as “logit” regression) explanatory
variables (also referred as covariates or predictors) and parameters to be estimated [63].

In a logistic regression model, the coefficient of the categorical explanatory
variables represents log-odds ratios (ORs) and quantifies the covariate effects on the

probability of success. However, the results of logistic regression are usually reported as
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estimated ORs, i.e. the odd of success given a particular exposure, compared to the odd of
success in the absence of that exposure.

Multiple logistic regression is used to estimate ORs in presence of several
explanatory variables; its main advantage is to correct for potential confounding effects by
including all the predictors at the same time in the model.

Since the success probability ranges between 0 and 1, what is actually modelled is
the logarithm of the odds of success, namely:

Logit (1) = o + Pixi + Pox2 + ..pmXm (1)

where m indicates the success probability (e.g. the presence of a disease), Py are the
regression coefficients, and the xi are m explanatory variables. The “reference group” is
constituted by individuals having all the covariates equal to 0 (or all categorical variables
equal to the reference level), and their log odds of success is represented by fy. The goal of
logistic regression is to estimate the m+1 unknown parameters 3 in Equation (1). This is
usually accomplished by the maximum likelihood method, searching for the set of
parameters, which maximizes the probability of the observed data given the hypothesized
model [61].

In this thesis, multiple logistic regression models were used to estimate the effect
of:

1) longitudinal changes in risk factors exposure (smoking habits, occupational
exposure, vehicular traffic exposure) on respiratory symptoms/diseases incidence,
controlling for anthropometric parameters, family history of respiratory/allergic diseases
and allergic sensitization (PAPER I);

2a) risk factor exposure (smoking habits, second hand smoke exposure,
occupational exposure, area of residence) on asthma/COPD remission, controlling for

anthropometric parameters (PAPERS II and III);
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2b) risk factor exposure (smoking habits, second hand smoke exposure,
occupational exposure, area of residence) on asthma/COPD symptoms persistence,

controlling for anthropometric parameters (PAPERS II and III).

V.2 MULTINOMIAL LOGISTIC REGRESSION ANALYSIS

Multinomial logistic regression is an extension of binary logistic regression that allows
using a dependent variable with more than two categories. In particular, the effect of the
predictors on the odd of success for each category, in comparison to the “reference
category”, is estimated. Multinomial regression simultaneously estimates the parameters in
Equation (1) for several outcome categories.

In this thesis, multinomial logistic regression models were used to estimate the
effect of:

a) longitudinal changes in risk factors exposure (smoking habits, occupational
exposure, vehicular traffic exposure) on longitudinal changes in multimorbidity,
controlling for anthropometric parameters, family history of respiratory/allergic diseases
and allergic sensitization (PAPER 1V);

b) longitudinal changes in risk factors exposure (smoking habits, occupational
exposure, vehicular traffic exposure) on longitudinal respiratory disease phenotypes,
controlling for anthropometric parameters and family history of respiratory/allergic
diseases; all these analyses were performed on the whole sample and stratified by sex

(PAPER V).

V.3 LATENT TRANSITION ANALYSIS
LTA was used to define the respiratory disease phenotypes over time (PAPER V). LTA

identifies unobservable (latent) subgroups (classes or statuses) of individuals within a
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population based on the values of multiple observed variables. Latent statuses (phenotypes)
are mutually exclusive and exhaustive and they are not assumed stable over time [60].

LTA uses longitudinal data to estimate the probabilities of transition from one
latent class to another and enables to estimate class membership over time. LTA is a
methodology that addresses questions like “if an individual belong to a particular latent
class at time ¢, what is the probability that he has given characteristics?” and “what is the
probability that he will belong to a given that latent class at time t + 1?”. Parameters
estimated in LTA include [60]:

- probabilities of membership in latent status s at time ¢ (Os); since the latent

statuses are mutually exclusive and exhaustive at each time, it follows that:

5
> =1
s;=1

- “item response probabilities” (o, r;|s;), which are used to characterize the structure
of the latent classes, to provide information on how different the latent statuses are, and to
label each status accordingly; they represent the probability of response rj to observed
variable j, conditional on membership in latent status s, at time z. For each combination of

latent status s, observed variable j, and time ¢, there are R; item-response probabilities, and

R,
Z pj-l‘j.ﬂ-’*t =1

1’*:_:=J_

for allj, .
- matrices of transition probabilities (tsw1|st), 1.e. probabilities of belonging to the
latent status s at time ¢ +1, conditional on membership in latent status s at time ¢. Again,

since the statuses are mutually exclusive and exhaustive, it follows that

5
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Let’s define an indicator function / (y;, =r;,) that equals 1 when the response to
variable j equals 7, at time ¢, and 0 otherwise. Then, the likelihood function of the model
can be expressed as a function of the probabilities of latent status membership at time 1

(3s1), the transition probabilities (the 7's), and item response probabilities (the p's):

s s T J Ry )
— — Hyje=7j4
PY=y)= Z Z Oy Topsr - Torlsr 1 HH H Pl ilse -
s1=1 sT=1 t=17=1r;:=1

)

If there are only two time points, Equation (2) reduces to:

P Z Z 651T‘52|‘91 H H H pJ fj:'StTJ &

s1=1s89=1 t=1g=1ry:=1

The Bayesian Information Criterion (BIC) can be used to choose the optimal
number of latent classes in a LTA model. BIC allows comparing competing models in
terms of balance between fit and parsimony. A smaller value represents a more optimal
balance of model fit and parsimony; thus, a model with the minimum BIC might be

selected [60].
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VI. RESULTS

This thesis highlighted significant temporal changes in respiratory symptoms/diseases in
general population samples and it showed that temporal changes (i.e. persistence and
incidence) in lifetime habits and risk factors exposure were differently associated with the
temporal changes in respiratory diseases occurrence in a real life setting.

The main results of the thesis were reported in the following sections; more

exhaustive information can be found in the original papers (see Appendix).

VIL.1 INCIDENCE AND ASSOCIATED RISK FACTORS (PAPER I)

In the longitudinal sample participating in both PI2 and PI3 survey, respiratory
symptoms/diseases 18-yr cumulative incidence was: 3.4% for asthma, 6.3% for asthma
attacks, 33.1% for AR, 4.3% for COPD, 14.8% for usual cough, 15.7% for usual phlegm,
12.5% for AO.

38.5% of subjects reported a new exposure to vehicular traffic in PI3 with respect
to P12, 18.3% to fumes/gases/dusts at work and 6.5% began smoking between P12 and PI3
surveys. 25.5% of subjects quitted smoking before PI2 survey and 16.1% between P12 and
PI3 surveys; 12.1% was no more exposed to fumes/gases/dusts at work in PI3 with respect
to PI2 and 10.8% to vehicular traffic.

The results of the multiple logistic regression analyses showed a significantly
higher risk of AR and asthma incidence in subjects with occupational and vehicular traffic
exposure (table 5) and of bronchitic symptoms/diseases incidence in smokers and in

subjects with occupational exposure (tables 6a-6b).
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Table S. Longitudinal risk factors for asthma/allergic symptoms/diseases incidence*:

ORs and 95% CI1
Smoking habits:
incident 1.03 (0.24-4.40) | 0.97 (0.25-3.85) 0.94 (0.48-1.83)
persistent 0.61 (0.16-2.36) | 2.15 (0.92-5.06) 0.95 (0.55-1.62)

remittent for <18 yrs
remittent for >18 yrs
(ref: never)

0.92 (0.30-2.84)
0.94 (0.36-2.44)
1.00

1.11 (0.46-2.69)
1.17 (0.55-2.48)
1.00

1.27 (0.79-2.06)
1.06 (0.69-1.62)
1.00

Occupational
exposure:
incident
persistent
remittent
(ref: never)

1.92 (0.68-5.45)
3.37 (1.28-8.88)
0.87 (0.17-4.32)
1.00

0.57 (0.22-1.46)
1.20 (0.59-2.43)
0.89 (0.35-2.23)
1.00

2.35 (1.52-3.64)
1.93 (1.27-2.96)
1.14 (0.66-1.97)
1.00

Vehicular traffic
exposure:
incident
persistent
remittent

(ref: never)

2.31 (0.88-6.07)
0.87 (0.24-3.21)
1.62 (0.43-6.17)
1.00

2.18 (1.09-4.36)
0.49 (0.18-1.38)
0.53 (0.14-1.94)
1.00

1.57 (1.05-2.34)
1.42 (0.91-2.21)
0.83 (0.45-1.52)
1.00

ORs: odds ratios.

Reference category: No disease.

In italic: borderline values; in bold: statistically significant values.

Adjusted for age, sex, BMI, second hand smoke exposure, family history of allergic
rhinitis, family history of respiratory diseases, SPT positivity.
* the analyses were conducted in the sub-sample of subjects participating in both PI2 and
PI3 surveys (n=1107); incidence was computed as presence of symptoms or diagnoses in
PI3 without symptoms & diagnoses in PI2; longitudinal risk factors were computed
considering changes of exposure between P12 and PI3 surveys.

34



Table 6a. Longitudinal risk factors for COPD and LLN AO incidence*: ORs and

95% Cl1

Smoking habits:
incident

persistent

remittent for <18 yrs
remittent for >18 yrs
(ref: never)

3.91 (1.22-12.56)
2.84 (0.95-8.45)
2.28 (0.88-5.91)
1.00

3.18 (1.15-8.83)
1.60 (0.55-4.71)
1.31 (0.55-3.12)
1.00

Occupational exposure:
incident

persistent

remittent

(ref: never)

0.83 (0.26-2.71)
2.43 (1.02-5.76)
0.21 (0.03-1.69)
1.00

0.85 (0.30-2.41)
1.67 (0.70-3.95)
1.26 (0.42-3.80)
1.00

Vehicular traffic exposure:
incident

persistent

remittent

(ref: never)

2.04 (0.71-5.83)
2.13 (0.70-6.53)
2.04 (0.71-5.83)
1.00

0.57 (0.25-1.28)
0.42 (0.16-1.07)
0.30 (0.06-1.52)
1.00

ORs: odds ratios; COPD: Chronic Obstructive Pulmonary Disease; LLN AO: airway
obstruction according to lower limit of normal.

Reference category: No disease.

In italic: borderline values; in bold: statistically significant values.
Adjusted for age, sex, BMI, second hand smoke exposure, family history of allergic
rhinitis and family history of respiratory diseases.

* the analyses were conducted in the sub-sample of subjects participating in both PI2 and

PI3 surveys (n=1107); incidence was computed as presence of symptoms or diagnoses in

PI3 without symptoms & diagnoses in PI2; longitudinal risk factors were computed
considering changes of exposure between P12 and PI3 surveys.
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Table 6b. Longitudinal risk factors for bronchitic symptoms incidence*: ORs and

95% Cl1
Smoking habits:
incident 2.06 (0.97-4.39) | 2.71 (1.25-5.89)
persistent 2.24 (1.22-4.11) | 1.65 (0.86-3.17)

remittent for <18 yrs
remittent for >18 yrs
(ref: never)

0.94 (0.50-1.77)
1.03 (0.62-1.73)
1.00

0.95 (0.50-1.83)
0.95 (0.56-1.60)
1.00

Occupational exposure:
incident

persistent

remittent

(ref: never)

1.68 (1.01-2.81)
1.75 (1.06-2.89)
0.65 (0.31-1.37)
1.00

1.71 (1.03-2.85)
1.23 (0.73-2.08)
0.48 (0.22-1.06)
1.00

Vehicular traffic exposure:
incident

persistent

remittent

(ref: never)

1.19 (0.73-1.94)
1.23 (0.71-2.13)
1.22 (0.62-2.43)
1.00

0.93 (0.57-1.52)
0.98 (0.56-1.69)
1.05 (0.52-2.12)
1.00

ORs: odds ratios.

Reference category: No disease.

In italic: borderline values; in bold: statistically significant values.

Adjusted for age, sex, BMI, second hand smoke exposure, family history of allergic
rhinitis and family history of respiratory diseases.

* the analyses were conducted in the sub-sample of subjects participating in both PI2 and
PI3 surveys (n=1107); incidence was computed as presence of symptoms or diagnoses in
PI3 without symptoms & diagnoses in PI2; longitudinal risk factors were computed
considering changes of exposure between P12 and PI3 surveys.

V1.2 ASTHMA REMISSION/PERSISTENCE AND ASSOCIATED RISK FACTORS
(PAPER 1I)

In the longitudinal sample participating in AGAVE survey and reporting asthma
symptoms/diagnosis in previous surveys (PI1, P12, PI3), 52.5% of subjects were remittent,
17.2% persistent symptomatic without a lifetime physician diagnosis (a clue for

underdiagnosis) and 30.3% persistent asthmatic.
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The results of the multiple logistic regression analyses showed a significantly lower
risk of asthma remission vs asthma persistence in subjects living in an urban area, with
passive smoke exposure and asthma comorbidities (recurrent respiratory infections, AR,
COPD and sleep apnoea) (table 7a). A higher risk of underdiagnosis vs asthma diagnosis
was found in subjects with current smoking habits, second hand smoke exposure,
obstructive sleep apnoea; a lower risk of underdiagnosis was found in subjects with AR

(table 7b).

Table 7a. Risk factors for remittent asthma symptoms/diagnosis*: ORs and 95% CI

Urban area of residence
(ref: rural)

0.59 (0.38-0.94)
1.00

Smoking habits:
smokers

ex smokers

(ref: non smokers)

0.67 (0.40-1.14)
1.27 (0.81-2.00)
1.00

Passive smoke exposure
(ref: no)

0.48 (0.28-0.82)
1.00

Occupational exposure
(ref: no)

0.71 (0.48-1.07)
1.00

Recurrent respiratory infections

0.45 (0.24-0.84)

(ref: no) 1.00
AR 0.26 (0.17-0.39)
(ref: no) 1.00
COPD 0.40 (0.20-0.77)
(ref: no) 1.00
Sleep apnoea 0.47 (0.26-0.87)
(ref: no) 1.00

ORs: odds ratios; AR: allergic rhinitis; COPD: Chronic Obstructive Pulmonary Disease.
Reference category: Persistent asthma symptoms + Persistent asthma.

In bold: statistically significant values.

Adjusted for sex, age, BMI, educational level, diabetes, anxiety/depression.

* the analyses were conducted in the sub-sample of subjects participating in AGAVE
survey (n=480). Longitudinal asthma changes were computed as follows: Remittent
asthma, asthma symptoms (current asthma attacks or wheeze) or asthma diagnosis in at
least one of the previous surveys and absence of current (last 12 months) asthma symptoms
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& diagnosis & use of asthma medications in AGAVE survey; Persistent asthma symptoms,
only current asthma symptoms (without a lifetime physician diagnosis) in both previous
surveys and AGAVE survey; Persistent asthma, current asthma (with lifetime physician
diagnosis) in both previous surveys and AGAVE survey. Risk factors pertained to the
AGAVE survey.

Table 7b. Risk factors for persistent asthma symptoms ("underdiagnosis')*: ORs

and 95% CI

Urban area of residence
(ref: rural)

0.57 (0.27-1.19)
1.00

Smoking habits:
smokers

ex smokers

(ref: non smokers)

2.67 (1.25-5.73)
1.14 (0.56-2.32)
1.00

Passive smoke exposure

2.30 (1.13-4.68)

(ref: no) 1.00
Occupational exposure 0.78 (0.42-1.44)
(ref: no) 1.00
Recurrent respiratory infections 0.74 (0.34-1.62)
(ref: no) 1.00
AR 0.31 (0.17-0.56)
(ref: no) 1.00
COPD 0.78 (0.33-1.80)
(ref: no) 1.00
Sleep apnoea 2.27 (1.08-4.76)
(ref: no) 1.00

ORs: odds ratios; AR: allergic rhinitis; COPD: Chronic Obstructive Pulmonary Disease.
Reference category: Persistent asthma.

In bold: statistically significant values.

Adjusted for sex, age, BMI, educational level, diabetes, anxiety/depression.

* the analyses were conducted in the sub-sample of subjects participating in AGAVE
survey (n=480). Longitudinal asthma changes were computed as follows: Persistent asthma
symptoms, only current asthma symptoms (without a lifetime physician diagnosis) in both
previous surveys and AGAVE survey; Persistent asthma, current asthma (with lifetime
physician diagnosis) in both previous surveys and AGAVE survey. Risk factors pertained
to the AGAVE survey.
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VL.3 COPD REMISSION/PERSISTENCE AND ASSOCIATED RISK FACTORS
(PAPER III)

In the longitudinal sample participating in PI3 survey and reporting COPD
symptoms/diagnosis in previous surveys (PI1, PI2), 39.6% of subjects were remittent,
30.4% persistent symptomatic without a lifetime physician diagnosis (a clue for
underdiagnosis) and 30.0% persistent COPD.

The results of the multiple logistic regression analyses showed a significantly lower
risk of COPD remission vs COPD persistence in subjects living in an urban area with
respect to suburban one (table 8a); a lower risk of underdiagnosis vs COPD diagnosis was
found in subjects with past smoking habits and comorbidites (heart failures and asthma)

(table 8b).

Table 8a. Risk factors for remittent COPD symptoms/diagnosis*: ORs and 95% CI

Smoking habits:

smokers 0.57 (0.26-1.25)
ex-smokers 1.31 (0.67-2.58)
(ref: non smokers) 1.00

Urban area of residence 0.52 (0.29-0.90)
(ref: suburban) 1.00
Occupational exposure 0.63 (0.35-1.13)
(ref: no) 1.00

Heart failure 0.51 (0.17-1.51)
(ref: no) 1.00

Asthma 0.42 (0.16-1.07)
(ref: no) 1.00

ORs: odds ratios.

Reference category: Persistent COPD symptoms + Persistent COPD.

In italic: borderline values; in bold: statistically significant values.

Adjusted for sex, age, educational level.

* the analyses were conducted in the sub-sample of subjects participating in PI3 and
reporting COPD symptoms/diagnosis in at least one of the previous surveys PI1, PI2
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(n=257). Longitudinal COPD changes were computed as follows: Remittent COPD, COPD
diagnosis or symptoms (usual cough or usual phlegm) in at least one of the previous
surveys and absence of current COPD symptoms & diagnosis in PI3 survey; Persistent
COPD symptoms, only current usual cough or usual phlegm (without a lifetime physician
diagnosis) in both previous surveys and PI3 survey; Persistent COPD, current COPD (with
lifetime physician diagnosis) in both previous surveys and PI3 survey. Risk factors
pertained to PI3 survey.

Table 8b. Risk factors for persistent COPD symptoms ("underdiagnosis')*: ORs and

95% CI

Smoking habits:

smokers 0.36 (0.13-1.02)
ex-smokers 0.19 (0.07-0.49)
(ref: non smokers) 1.00

Urban area of residence 0.83 (0.41-1.72)
(ref: suburban) 1.00
Occupational exposure 1.29 (0.57-2.91)
(ref: no) 1.00

Heart failure 0.25 (0.07-0.91)
(ref: no) 1.00

Asthma 0.23 (0.07-0.71)
(ref: no) 1.00

ORs: odds ratios.

Reference category: Persistent COPD.

In italic: borderline values; in bold: statistically significant values.

Adjusted for sex, age, educational level.

* the analyses were conducted in the sub-sample of subjects participating in PI3 and
reporting COPD symptoms/diagnosis in at least one of the previous surveys PI1, PI2
(n=257). Longitudinal COPD changes were computed as follows: Persistent COPD
symptoms, only current COPD symptoms (without a lifetime physician diagnosis) in both
previous surveys and PI3 survey; Persistent COPD, current COPD (with lifetime physician
diagnosis) in both previous surveys and PI3 survey. Risk factors pertained to the PI3
survey.
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V1.4 TEMPORAL CHANGES IN MULTIMORBIDITY AND ASSOCIATED RISK
FACTORS (PAPER 1V)

In the longitudinal sample participating in PI1, PI2 and PI3, a significant increase in the
co-presence of “COPD&AR” and of “Asthma & AR” from PI1/PI2 to PI3 was found; the
same results were found for the co-presence of all the three conditions “Asthma & AR &

COPD” (figure 3).

Figure 3. Venn diagram of respiratory morbidity in the longitudinal sample
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AR: allergic rhinitis; COPD: chronic obstructive pulmonary disease; Sx/Ds: symptoms or
diagnosis.

In the longitudinal sample participating in both PI2 and PI3, the following
longitudinal changes in respiratory morbidity were found: 48.4% ‘“Never/improving”,
11.7% “Persistent medical conditions”, 21.3% “Incident morbidity” and 18.6% “Incident
multimorbidity”.

The results of the multinomial logistic regression analyses showed a significantly
higher risk of "Persistent medical condition" vs “Never/improving” in persistent smokers
and in subjects with persistent or remittent occupational exposure; a significantly higher

risk of "Incident morbidity" emerged in subjects with incident or persistent occupational
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exposure and in those with persistent vehicular traffic exposure; at last, a significantly
higher risk of "Incident multimorbidity" was found in persistent smokers, in subjects with
incident or persistent occupational exposure and in those with incident vehicular traffic

exposure (table 9).

Table 9. Longitudinal risk factors for longitudinal changes in respiratory morbidity*:

RRRs and 95% CI

Smoking habits:

incident 1.84 (0.73-4.64) | 0.81 (0.38-1.72) | 1.90 (0.90-4.02)
persistent 2.02 (1.02-4.00) | 1.19 (0.69-2.07) | 1.86 (1.03-3.35)

remittent for <18 yrs
remittent for > 18 yrs
(ref: never)

1.45 (0.75-2.80)
1.61 (0.92-2.85)
1.00

0.87 (0.51-1.46)
1.02 (0.66-1.59)
1.00

1.23 (0.70-2.16)
1.17 (0.72-1.89)
1.00

Occupational exposure:
incident

persistent

remittent

(ref: never)

1.87 (0.97-3.59)
2.95 (1.68-5.18)
1.98 (1.03-3.79)
1.00

1.83 (1.15-2.90)
1.63 (1.04-2.57)
1.02 (0.58-1.78)
1.00

2.24 (1.35-3.71)
2.49 (1.55-4.01)
0.63 (0.31-1.26)
1.00

Vehicular traffic exposure:
incident

persistent

remittent

(ref: never)

1.22 (0.71-2.11)
1.30 (0.72-2.37)
1.50 (0.75-3.02)
1.00

1.35 (0.88-2.07)
1.59 (1.00-2.54)
1.10 (0.59-2.05)
1.00

2.33 (1.45-3.74)
1.46 (0.85-2.51)
1.24 (0.62-2.49)

Reference category: Never/improving.

RRRs: relative risk ratios.

Adjusted for: age, sex, BMI, educational level, family history of respiratory diseases,
family history of allergic rhinitis, positivity to skin prick test.

In italic: borderline values; in bold: statistically significant values.

* the analyses were conducted in the sub-sample of subjects participating in both PI2 and
PI3 surveys (n=1107). Longitudinal changes in morbidity were computed as follows:
Never/improving, never asthma & AR & COPD / reduction in the number of medical
conditions (i.e. from 1 to 0 condition; from 2 to 1 condition; from 3 to 2/1 conditions);
Persistent medical condition; Incident morbidity (i.e. from 0 to 1 condition); Incident
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multimorbidity (i.e. from 0/1 to 2/3 conditions; from 2 to 3 conditions). Longitudinal risk
factors were computed considering changes of exposure between P12 and PI3.

VLS TRAJECTORIES OF RESPIRATORY DISEASE PHENOTYPES AND
ASSOCIATED RISK FACTORS (PAPER V)

In the longitudinal sample participating in both PI2 and PI3, 4 cross-sectional phenotypes
were found: "Non atopic, healthy", "Atopic, AR", "Non atopic, usual cough/phlegm" and
"Atopic, asthma & usual cough/phlegm & AR" (labelled "Atopic, asthma & AR" in PI2)
(figure 4).

Despite the use of the same labels to identify the cross-sectional phenotypes at
different time points, there were some differences in the characteristics of the four
phenotypes between PI2 and PI3; in particular, a higher frequency of AR was found in
"Non atopic, healthy" (25.0% vs 4.3%), "Atopic, AR" (41.1% vs 22.0%) and "Non atopic,
usual cough/phlegm" (56.6% vs 12.4%), comparing PI3 with PI2. As regards the PI3
"Atopic, asthma & usual cough/phlegm & AR", with respect to PI2 "Atopic, asthma &
AR", an increase in the frequency of bronchitic and allergic status (39.5% PI2 vs 54.0%
PI3 for usual cough, 23.7% PI2 vs 59.8% PI3 for usual phlegm and 42.1% PI2 vs 66.7%
PI3 for AR) and a decrease in the frequency of asthma status (84.2% P12 vs 33.3% PI3 for
asthma and 60.5% PI2 vs 35.6% PI3 for asthma attacks) emerged.

Overall, subjects didn't show a strong probability of changing phenotypes across
time (about 85% of persistent status) (figure 4); the transition probabilities between
phenotypes varied from 2.6% to 17.4%. Atopic phenotypes had the highest probabilities of
worsening (16.4% "Atopic, AR" towards "Atopic, asthma & usual cough/phlegm & AR")
and non atopic phenotypes the highest probabilities of improving (17.4% "Non atopic,

usual cough/phlegm" towards "Non atopic, healthy") (figure 4).
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Figure 4. Phenotypes transition plot from PI2 to PI3 survey
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According to the transition probabilities matrix, the main longitudinal patterns of
disease phenotypes were: "Improving health status" (2.0%), "Persistent healthy" (52.2%),
"Persistent AR" (22.9%), "Persistent usual cough/phlegm" (9.0%), "Worsening health
status" (13.8%).

Multinomial logistic regression analysis showed a significantly lower risk of
"Improving health status" vs "Persistent health status" in subjects with incident and
persistent vehicular traffic exposure; a significantly higher risk of "Persistent allergic
rhinitis" in subjects with remittent occupational exposure; a significantly higher risk of
"Persistent usual cough/phlegm" in persistent smokers and remittent smokers for < 18 yrs
and in subjects with incident and persistent occupational exposure; a significantly higher

risk of "Worsening health status" in incident and persistent smokers (table 10).
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Table 10a. Longitudinal risk factors for longitudinal changes in disease phenotypes*:

RRRs and 95% CI

Smoking
habits:
incident
persistent
remittent
for <18 yrs
remittent
for > 18 yrs
(ref: never)

2.73 (0.82-9.01)
1.60 (0.49-5.25)

0.46 (0.12-1.85)

1.00

0.77 (0.40-1.51)
0.68 (0.39-1.19)
1.07 (0.69-1.68)
0.85 (0.57-1.26)

1.00

0.57 (0.07-4.55)
5.92 (2.86-12.26)
2.27 (1.07-4.79)
1.79 (0.93-3.43)

1.00

2.16 (1.07-4.36)
1.95 (1.09-3.49)
0.96 (0.53-1.76)
1.07 (0.65-1.76)

1.00

OE:
incident
persistent
remittent
(ref: never)

2.39 (0.75-7.65)
1.22 (0.36-4.22)
1.28 (0.30-5.47)
1.00

1.03 (0.66-1.60)
1.21 (0.80-1.82)
1.60 (1.00-2.56)
1.00

2.63 (1.27-5.45)
3.51 (1.83-6.74)
1.73 (0.77-3.87)
1.00

1.46 (0.89-2.40)
1.43 (0.88-2.33)
0.74 (0.37-1.48)
1.00

VT:
incident
persistent
remittent
(ref: never)

0.33 (0.12-0.94)
0.13 (0.03-0.62)
0.32 (0.07-1.59)
1.00

0.85 (0.58-1.25)
1.08 (0.71-1.63)
0.78 (0.45-1.36)
1.00

1.09 (0.60-1.98)
0.87 (0.45-1.69)
1.06 (0.47-2.40)
1.00

1.61 (0.97-2.65)
1.59 (0.92-2.75)
1.32 (0.67-2.61)
1.00

RRRs: relative risk ratios; OE: occupational exposure; VT: vehicular traffic exposure.
Reference category: Persistent health status.

Adjusted for: age, sex, educational level, BMI, family history of respiratory diseases,
family history of allergic rhinitis.

In italic: borderline values; in bold: statistically significant values.

* the analyses were conducted in the sub-sample of subjects participating in both PI2 and
PI3 surveys (n=1107). Longitudinal changes in disease phenotypes were computed as
follows: “Persistent healthy” (“Non atopic, healthy” phenotype in both PI2 and PI3);
“Persistent AR” (“Atopic, AR” in both PI2 and PI3); “Persistent usual cough/phlegm”
(“Non atopic, usual cough/phlegm” in both PI2 and PI3); “Improving health status”
(improvement of health status from PI2 to PI3: “Non atopic, usual cough/phlegm”
changing in “Non atopic, healthy”; “Atopic, asthma & AR” changing in “Non atopic,
healthy); “Worsening health status” (worsening of health status from PI2 to PI3: “Non
atopic, healthy” changing in “Non atopic, usual cough/phlegm”; “Atopic, AR” changing in
“Atopic, asthma & usual cough/phlegm & AR”; “Atopic, asthma & AR” changing in
“Atopic, asthma & usual cough/phlegm & AR”). Longitudinal risk factors were computed
considering changes of exposure between PI2 and PI3.
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The same analyses were run stratified by sex: in males multinomial logistic
regression analysis showed a significantly higher risk of "Persistent disease status" in
remittent smokers for < 18 yrs (OR 1.90, 95% CI 1.05-3.47); a significantly higher risk of
"Worsening health status" in incident smokers (OR 3.85, 95% CI 1.38-10.74) and a
significant inverse association in subjects with remittent vehicular traffic exposure (OR
0.27, 95% C1 0.07-0.99).

In females, a significantly higher risk of "Persistent disease status" was found in
subjects with persistent occupational exposure (OR 1.80, 95% CI 1.05-3.11) and with
persistent vehicular traffic exposure (OR 1.68, 95% CI 1.00-2.80); a significantly higher
risk of "Worsening health status" was found in subjects with remittent vehicular traffic

exposure (OR 3.99, 95% CI 1.43-11.16).
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VII. DISCUSSION

In this section the main results are put into context and discussed in relation to previous

findings. A more detailed discussion is reported in the original papers (see Appendix).

VIL.1 INCIDENCE AND ASSOCIATED RISK FACTORS (PAPERI)

Elevated respiratory symptoms/diseases incidence values at 18-yr follow-up were shown.
These data were in line with those of other studies, indicating an increasing trend in
particular for allergic diseases/symptoms (table 2).

Through multiple logistic regression models the following associations emerged:
occupational exposure and vehicular traffic exposure with allergic/asthmatic diseases
incidence; smoking habits and occupational exposure with COPD incidence.

As regards occupational exposure, higher risks for asthma, AR, COPD, usual cough
and usual phlegm incidence were found in subjects with incident and persistent exposure
with respect to unexposed subjects. These results are in line with those of other European

cohorts; few studies took into account the effect of incident exposure (table 11).

Table 11. Occupational exposure and respiratory symptoms/diseases incidence

Asthma  Torén Western  n=15761 1990-2008 dusts/fumes  HR 1.8
diagnosis 2011 [8] Sweden  16-75 yrs 18 yrs exposure
Storaas Northern n=16191 1990-1999 ever welding HR 1.4
2015 [65]  Europe 25-64 yrs 9 yrs

PAPER 1 Italy n=1107 1991-1993 persistent OR 3.4
8-78 yrs 18 yrs dusts/fumes/
gases
AR Riu Germany n=3785 1995-2002 incident OR 1.5
2007 [66] 16-18 yrs 7 yrs chemicals/irri
tants/fumes
and/or ETS
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Storaas Northern n=16191 1990-1999 ever welding HR 1.4
2015 [65]  Europe 25-64 yrs 9 yrs
PAPER 1 Italy n=1107 1991-1993 persistent OR 1.9
8-78 yrs 18 yrs dusts/fumes/
gases
PAPER 1 Italy n=1107 1991-1993 incident OR 2.4
8-78 yrs 18 yrs dusts/fumes/
gases
COPD Pallasaho ~ Finland  n~6000 1996-2007 dusts/gases/f OR 2.1
2014 [67] 20-69 yrs 11 yrs umes
PAPER 1 Italy n=1107 1991-1993  persistent OR 2.4
8-78 yrs 18 yrs dusts/fumes/
gases
LLN AO Mehta Switzerla n=4267 1991-2001 vapours/gase IRR
2012 [16] nd 18-62 yrs 10 yrs s/dusts/fumes 2.5
high
exposure
Usual Skorge Norway  n=2401 1985-1996 gases/fumes OR 1.4
phlegm 2009 [68] 15-70 yrs 11 yrs in
women
Mirabelli US n=8967 ‘80s gases/fumes OR 1.4
2012 [15] 45-64 yrs 3 yrs
PAPER 1 Italy n=1107 1991-1993 persistent OR 1.8
8-78 yrs 18 yrs dusts/fumes/
gases
PAPER | Italy n=1107 1991-1993 incident OR 1.7
8-78 yrs 18 yrs dusts/fumes/
gases

AR: allergic rhinitis; COPD: chronic obstructive pulmonary disease; LLN AQO: airway
obstruction according to lower limit of normal; ETS: environmental tobacco smoke; HR:
hazard ratio; OR: odds ratio; IRR: incident rate ratio.

In Pisa, as in many other urban areas, vehicular traffic is increased in the last years.
Incident vehicular traffic exposure was related to higher risk of having AR and asthma
attacks incidence. Several studies supported air pollution role in childhood onset asthma,
but few in adult-onset asthma [69]. There is evidence that people living in urban areas
more frequently experience allergic respiratory diseases and bronchial asthma than those
living in rural areas: one of the main causes is the increased presence of outdoor air

pollutants resulting from energy consumption and vehicles exhaust emissions [70-72].

48



Smoking habits is the main risk factor for COPD occurrence and exacerbation. In
these analyses, persistent smokers had an elevated risk of developing COPD, AO and usual
phlegm, as well as incident smokers had a higher risk of developing usual cough. These
results are in line with other European cohorts [67,73]. The relationship was confirmed
also by the results of objective measurements like spirometry [74-75]. On the other hand,
smoking habits did not affect the incidence of asthma, in agreement with another Italian

study [11].

VIL.2 DISEASES REMISSION/PERSISTENCE AND ASSOCIATED RISK
FACTORS (PAPER 11, PAPER III)
VII.2.1 Asthma/COPD remission and persistence
High values of diseases remission and symptoms persistence without receiving lifetime
physician diagnosis (a clue for underdiagnosis) were shown during a mean 22-yr follow-
up: 52.5% of asthma remission, 39.6% of COPD remission, 17.2% of asthma symptoms
persistence and 30.4% of COPD symptoms persistence.

These results are in line with other scientific evidences [32,36,76-77], even if both
higher [31,39,78-79] and lower values were found in literature [18,33,80-82] (figure 5,

figure 6).
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These variations among studies may partly be explained by different follow-up
periods and quite different definitions of remission (i.e. clinical remission or complete
remission) and underdiagnosis [27,83].

From a clinical standpoint, to elucidate the asthma and COPD natural history and

long term outcomes is an issue of primary importance. Studies on patient cohorts can help

[27].

VII1.2.2 Risk factors

Few epidemiological studies focused on risk factors associated with disease remission and
underdiagnosis; the results of this thesis added new evidences about this topic.
Asthma/COPD remission

Asthma and COPD remitted less in subjects with comorbidities. Some comorbidities arise
independently of asthma/COPD, some others have common risk factors, other can increase
the risk of asthma/COPD developing or severity worsening. Thus, the coexistence with
other diseases may have a significant impact on prognosis.

In line with other international researches, asthma showed a lower risk of remission
in subjects with AR [30-34], with COPD [29,84-85], with respiratory infections [28,86]
and with sleep obstructive apnoea [87-88].

COPD showed a borderline lower risk of remission in subjects with asthma, in line
with past and recent evidences highlighting an association between bronchial hyper-
responsiveness (BHR) (an important clinical characteristic of active asthma) and risk of
COPD [17,89].

Living in urban area was inversely related to asthma/COPD remission. This result
can be explained by the strong scientific evidences showing that urban living is an

important risk factor for disease onset and exacerbation [22-23,90-91]; other previous
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findings found in Pisa samples showed a significant association between urban living and
BHR [92] and between living near traffic roads and risk of COPD in males [93].

Asthma "underdiagnosis"

The results about "underdiagnosis" were separately discussed because different
associations were found in asthma and COPD.

Asthma "underdiagnosis" showed a strong relationship with current smoking and
second-hand smoke. European and USA studies confirmed that smoking habit and second-
hand smoke were significant independent risk factors for undiagnosed wheeze and asthma
[76,94-97]. Probably, respiratory symptoms like wheeze or breathlessness could be
misinterpreted as due to smoking, rather than to asthmatic condition, thus not reported to
the physician. In the other hand, asthma-like symptoms are common also in subjects with
COPD, which is often smoke-related, making difficult to disentangle the relationship
between smoking and asthma-like symptoms.

These data showed that having AR reduced the risk of asthma underdiagnosis; on
the contrary, presence of obstructive sleep apnoea was a risk factor for underdiagnosis.
These findings highlighted the possible influence of asthma comorbidities on asthma
management. On one side, the co-presence of diseases strictly related to asthma, like
allergic rhinitis, can facilitate asthma diagnosis, both by promoting contact with a doctor
and by increasing doctor awareness toward diagnosis [94]. On the other side, the co-
presence of other diseases with similar clinical manifestations, like the obstructive sleep
apnoea, could lead to not recognize or to misinterpret asthma symptoms [98].

COPD "underdiagnosis"
These data showed that being ex smokers and having asthma and heart failures reduced the

risk of COPD underdiagnosis.
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A possible explanation of these results is that exposure to well know COPD risk
factors and the presence of COPD comorbidities could increase the physician awareness of
patients' symptoms and, thus, the possibility of a correct disease diagnosis. Indeed, GOLD
guidelines for the COPD management highlight the relationship between COPD and
smoking habits, advocating active case finding like performing spirometry in patients with
symptoms and/or risk factors exposure [35]. On the other hand, an asthma or heart failure
diagnosis (COPD comorbidities), in addition to bronchitic symptoms (cough/phlegm),
could facilitate the COPD diagnosis by physician and reduce the risk of underdiagnosis

[35,98].

VIL.3 TEMPORAL CHANGES IN MULTIMORBIDITY AND ASSOCIATED RISK
FACTORS (PAPER 1V)
VI1.3.1 Multimorbidity temporal changes
Most of the evidence on multimorbidity came from cross-sectional studies and longitudinal
studies are limited [43]. Our data added new information in a longitudinal general
population sample, showing a respiratory multimorbidity incidence of about 19% during a
18-yr follow-up; in particular the highest increases were for asthma/COPD and AR/COPD
overlap, maybe due to ageing of the cohort [89] and cumulative long term exposure to risk
factors.

21.6% of respiratory multimorbidity was found in PI3, a result within the

prevalence range found in other general population samples (13%-72%) [41,99-100].

VIIL.3.2 Risk factors
Morbidity and multimorbidity incidence was higher in subjects with incident and persistent

occupational exposure and with incident and persistent vehicular traffic exposure;
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moreover, persistent smoking habit was related to a significantly higher risk of
multimorbidity incidence.

Cross-sectional studies explored associations between multimorbidity prevalence
and risk factors exposure, but the paucity of longitudinal data determined that the direction
of any relationship is not clear. Nonetheless, given the causal relationship between
smoking habits, environmental and occupational exposure and many chronic conditions, it
is likely that these risk factors directly contribute to the development of multimorbidity
[43,101].

Moreover, these results confirmed that persistent smoking habit and persistent
occupational exposure were related to persistent respiratory medical condition vs
never/improving condition [21,23]. As regards the relationship between persistent medical
condition and remittent occupational exposure, it could be interpreted as reverse causation
(i.e. subjects change their lifestyle habits after developing a disease).

As above reported, recent reviews and reports highlighted that few data are
available about modifiable factors that predict the risk of different types of multimorbidity
[41]: it remains unknown whether there are biological, environmental or behavioural
factors. The identification of any such factors, and the assessment of the likelihood of
causality, requires data from prospective observational studies [41,43].

The results obtained in the Pisa longitudinal study added new information about

modifiable risk factors and onset/increase of multimorbidity.
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VII.4 TRAJECTORIES OF RESPIRATORY DISEASE PHENOTYPES AND
ASSOCIATED RISK FACTORS (PAPER V)

VI1.4.1 Respiratory phenotypes temporal changes

Using an unsupervised method (LTA), four distinct classes of respiratory phenotypes were
identified in general population. This thesis identified classes determined by clinical
characteristics and allergy profiles focusing on respiratory and allergic multimorbidities.
Moreover, the longitudinal design permitted to address latent class stability over time.

Four main phenotypes of respiratory diseases in a general population sample were
identified: “Non atopic, healthy”, “Atopic, AR”, “Non atopic, usual cough/phlegm”,
“Atopic, asthma & AR”.

The phenotypes prevalence found in Pisa sample, using LTA, was very similar to
previously published prevalence values of respiratory symptoms/diseases found in general
population samples [3,5,102-104], suggesting plausibility and meaningfulness of computed

phenotypes (table 12).

Table 12. Comparison among respiratory symptoms/diseases phenotypes and

respiratory symptoms/diseases prevalence in general population samples

“Atopic, AR” PAPER Pisa, Italy n=1107 1991-1993  27.5%
v 8-78 yrs 2009-2011 22.9%
Maio Pisa, Italy n=2841 and 1991-1993  20.2%
2016 [5] n=1620 2009-2011 37.4%
4-97 yrs
De Marco  Italy n=6031and 1991-1993 16.8%
2012 [3] n=10494 2007-2010 25.8%
20-44 yrs
“Non  atopic, PAPER Pisa, Italy n=1107 1991-1993 10.9%
usual v 8-78 yrs 2009-2011 15.0%
cough/phlegm”  Majo Pisa, Italy n=2841and  1991-1993 14.4% cough
2016 [5] n=1620 12.0% phlegm
4-97 yrs 2009-2011 16.5% cough
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19.5% phlegm
Backman  Sweden n=8333 and 1996 12.4% cough
2014 [102] n= 7997 19.0% phlegm
20-69 yrs 2006 10.1% cough
15.0% phlegm
“Atopic, asthma PAPER Pisa, Italy n=1107 1991-1993  3.4%
& AR” v 8-78 yrs 2009-2011  7.9%
Bugiani Italy n=17666 1999-2000 5.2%
2005 [103] 20-44 yrs
Gough Germany  n=942 2010 6.0%
2015 [104] 20 yrs

AR: allergic rhinitis.

Moreover, the reduction of frequency of “Non atopic, healthy” phenotype and the
increase of frequency of respiratory disease phenotypes, found from PI2 to PI3, are in line
with the increasing prevalence of respiratory symptoms/diseases highlighted in recent
scientific papers [3,5,7,98].

Overall, 13.8% of subjects had a "worsening health status", probably due to the
ageing of this population but also to the long-term exposure to environmental risk factors
and lifetime habits, as confirmed by results of the multinomial logistic regression analysis.

According to the transition matrix, 97.4% of subjects remained stable in "atopic,
asthma & AR" phenotype (labelled "atopic, asthma & usual cough/phlegm & AR" in PI3);
nevertheless, this condition was considered as “worsening health status” longitudinal
phenotype, due to the fact that a significant increase of usual cough/phlegm and a
significant reduction of asthma and asthma attacks emerged from PI2 "atopic, asthma &
AR" to PI3 "atopic, asthma & usual cough/phlegm & AR". This change can be suggestive
of asthma evolution towards COPD [35] or of the coexistence between asthma and COPD
in the same subject, a condition described as Asthma and COPD Overlap Syndrome [98].

Finally, results showed stability in atopic/non atopic condition from PI2 to PI3 and

highlighted as atopic subjects had a worst course of disease status with respect to non
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atopic subjects; in particular "atopic allergic" subjects and "atopic allergic asthmatic"
subjects tended to move towards PI3 "atopic, asthma & cough/phlegm & AR", suggesting
allergy as risk factor for development of asthma [105] and, directly or indirectly, of COPD

[35,98,106].

VI1.4.2 Risk factors

“Improving health status” was significantly lower in subjects living exposed to vehicular
traffic; “Persistent cough/phlegm” was higher in smokers and in subjects with occupational
exposure; “Persistent AR” was higher in subjects with remittent occupational exposure;
“Worsening health status” was higher in smokers.

These findings confirm the strong relationship between tobacco use, air pollutants
and occupational exposure and respiratory symptoms/diseases prevalence and incidence, as
reported in WHO official statements [21,23] and already above discussed.

As regards the relationship between persistent AR and remittent occupational
exposure and between persistent usual cough/phlegm and remittent smoking, it could be
interpreted as reverse causation (i.e. subjects change their lifestyle habits after developing a
disease).

Additional  results were found comparing longitudinal respiratory
symptoms/diseases phenotypes between sexes, suggesting a different susceptibility to risk
factors exposure: smoking habits were related to "Persistent disease status" and
"Worsening health status" in males; occupational and vehicular traffic exposure was
related to "Persistent disease status" in females.

A higher frequency of smokers was found in males with respect to females, a result

in line with the 2010 DOXA Italian data [107]; this lifetime habit may have determined a
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significant relationship between respiratory disease phenotypes and smoke in males but not
in females.

Vehicular traffic and occupational exposure was related to females and not to
males. Women are more susceptible to inflammatory lung disease induced by air pollution
and show worse adverse pulmonary health outcomes than men. A possible mechanism
underlying these differences could be a sex difference in the expression of lung
inflammatory mediators that affect sex-specific immune responses to environmental
toxicants [108]. Moreover as regards the occupational exposure, women, with respect to
men, complain more frequently about major threats to respiratory health tract coming from
cleaning and sterilizing agents used in health care facilities, as well as from dust in the
textile and clothing industry [109].

It is to mention that, nowadays, LTA or cluster analyses were used to assess
phenotypes focusing on single diseases (i.e COPD or asthma) [47-48,110]. These results
put a new insight into the possibility of performing LTA to assess phenotypes using
population-based data, integrating at the same time different disease domains (diagnoses,

symptoms, objective measurements, multiple diseases) and time repeated measurements.

VILS LIMITS AND STRENGTHS

VIL.S.1 Limits

Use of a questionnaire for collecting data about respiratory symptoms/diseases and about
environmental exposure might be a limitation because it is potentially affected by a
reporting bias, as it relies upon individual memory and subjects’ answers about exposure
could be influenced by their current health status; nevertheless, the standardized
questionnaire is one of the main investigation tool in respiratory epidemiology [111-112].

Moreover, Sanchez et al, comparing the answers to simple questions about asthma (i.e.
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“‘ever asthma’’) through repeated measurements with data coming from a comprehensive
drugs reimbursement database, found a good correlation, highlighting the possibility of
conducting studies on asthma variability using questionnaire as a proxy of clinical
assessments [113].

In addition, objective outcomes (lung function), not affected by such potential bias,
were also applied.

It is to point out that spirometry was performed using different instruments in P12
and PI3; a correction factor was derived to overcome this limit and to permit the
comparison between studies, as reported in a previous paper [5].

Except for smoking habits, no information about the period of change (i.e. age,
year) in exposure status was available in the database; thus, it was not possible to analyze a
precise temporal association between changes in disease status and changes in risk factors
exposure.

As regards the subjects lost to follow-up, a comparison of the baseline
characteristics and health status of subjects who were followed-up (PI2&PI3 participants)
with those of subjects who weren’t (only PI2 participants) was performed; some
differences regarding age and prevalence of COPD symptoms/disease were found, with the
highest values in only PI2 participants than in PI2&PI3 participants. Thus, the incidence
value was computed in a sample of younger healthy subjects, with a possible conservative
estimate of the reported incidence values. Such occurrence was confirmed by a recent
article showing that, among long-term participants in population surveys, disease
prevalence rates tend to be slightly lower than for the total baseline population, suggesting
that subjects who continue to participate in a study are healthier than those who quit [114].

Other specific limits related to the outcomes computation were reported in the

original papers (see Appendix).
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VIL.S.2 Strengths

A strength of this population-based study is to have applied, over a 25-yr follow-up, the
same study design, sampling frame and study protocol in repeated cross-sectional surveys
on general population random samples living in the same area. In all the surveys, questions
were derived from validated international questionnaires, which already had passed the
scrutiny of independent reviewers.

Moreover, a wide general population sample spanning from childhood to the
elderly was analyzed, with a vast amount of individual qualitative and quantitative data.

Another strength is the consistency of the results with those from other
international studies, adding new evidences about longitudinal risk factors exposure
associated with longitudinal changes in respiratory symptoms/diseases occurrence in
general population samples using simple methodological approaches (longitudinal changes
in presence/absence of 1 disease outcome) and more complex ones (LTA).

LTA allowed to simultaneously accounts for several disease domains repeatedly
measured over time. If disease prevalence changes, there is a need to understand what
dynamics contributed to the change; transition probabilities better explain the nature of
such changes [49]. This approach applied to a longitudinal dataset is exploratory and

hypothesis generating. However, the phenotypes observed were plausible and meaningful.
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VIII. CONCLUSIONS

Few longitudinal studies on general population are available in literature; the Pisa study
permitted to assess an important topic, like the increase of respiratory symptoms/diseases,
addressing different and specific aspects, with different methodological approaches, and
adding new scientific evidences.

These results highlighted substantial temporal changes in respiratory
symptoms/diseases in general population samples, living in an urban/suburban area: high
values of incidence, remission and persistence and increase in respiratory multimorbidity.

Temporal changes in lifetime habits and in risk factors exposure were differently
associated with the natural history of respiratory diseases in a real life setting:

Smoke:

- persistent smoking habits were related to: persistent disease condition (PAPER 1V), in
particular persistent usual cough/phlegm phenotype (PAPER V); worsening health status
(PAPER V) due to new onset of usual cough/phlegm (PAPER I), bronchitic diseases
(COPD, AO) (PAPER I) and respiratory mutimorbidity (PAPER 1V);

- incident smoking habits were related to: worsening health status (PAPER V), in particular
due to new onset of usual cough/phlegm (PAPER I);

- passive smoke exposure reduced the probability of asthma remission (PAPER II);

- smoking habits seemed to facilitate COPD diagnosis (PAPER III), while masking asthma
diagnosis (PAPER II).

Occupational exposure:

- incident and persistent occupational exposure was related to: persistent disease condition

(PAPER 1V), in particular persistent usual cough/phlegm phenotype (PAPER V); new
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onset of respiratory morbidity and multimorbidity (PAPER 1V), in particular of allergic
diseases (PAPER I) and bronchitic symptoms/diseases (PAPER I);
- persistent and current occupational exposure was related to: asthma onset (PAPER I) and
lower probability of asthma remission (PAPER II), respectively.
Vehicular traffic exposure:
- incident and persistent vehicular traffic exposure was related to: new onset of respiratory
morbidity and multimorbidity (PAPER 1V), in particular of allergic diseases (PAPER 1)
and of asthma symptoms (PAPER I), reducing the probability of improving health status
(PAPER V);
- living in an urban area reduced the probability of asthma remission (PAPER II) and
COPD remission (PAPER III).

Moreover, comorbidities reduced the probability of asthma (PAPER II) and COPD
remission (PAPER III) and facilitated COPD diagnosis (PAPER III).

All these information should be considered for primary prevention strategies in
order to reduce the burden of chronic diseases in the general population and for prevention

and management strategies of respiratory diseases in health care setting.
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ABSTRACT

Background: Few data on respiratory symptoms/diseases (RSD) incidence and on effects
of risk factors exposure changes are available.

Aim: assessing RSD incidence and its association with changes in risk factors exposure.
Methods: a longitudinal general population sample from two studies (PISA2:1991-1993;
PISA3:2009-2011; n=1107), completing a questionnaire on RSD, risk factors exposure and
performing spirometry.

18-yr cumulative incidence of RSD and longitudinal changes (persistence, incidence,
remittance) in risk factors exposure (smoking habits-SH, occupational exposure-OE,
vehicular traffic exposure-VT) were computed.

Results: Cumulative incidence values were: 3.4%, asthma; 6.3%, asthma attacks; 33.1%,
allergic rhinitis-AR; 4.3%, chronic obstructive pulmonary disease-COPD; 14.8%, usual
cough; 15.7%, usual phlegm; 12.5%, airway obstruction.

Multiple logistic regression models showed significant associations among changes of risk
factors and RSD incidence values: OE persistence and asthma (OR 3.4), AR (OR 1.9),
phlegm (OR 1.8), COPD (OR 2.4); OE incidence and AR (OR 2.4), phlegm (OR 1.7),
cough (OR 1.7); VT incidence and asthma attacks (OR 2.2), AR (OR 1.6); SH persistence
and COPD (OR 3.9), phlegm (OR 2.2), airway obstruction (OR 3.2); SH incidence and
cough (OR 2.7).

Conclusions: Our study showed elevated RSD incidence values during an 18-yr follow-up
in a general population sample living in Central Italy and it indicated that changes in life-
style and in environmental exposures can influence the RSD onset: changes in OE and VT
were related to allergy/asthma incidence and changes in SH and OE were related to COPD

incidence. Such information should be considered for primary prevention strategies.
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INTRODUCTION

Respiratory symptoms/diseases (RSD) prevalence rates are still on the increase in the
last decade [1,4], but few data on incidence values and the effects of changes in risk factors
exposure are available.

Swedish [5] and Swiss [6] 20-yr follow-up studies reported an asthma cumulative
incidence of 2.3% and 6.4% in adult subjects. The Gene-Environment Interactions in
Respiratory Diseases (GEIRD) study in Italian young adults found an asthma incidence
value of 4.6% at 9-yr follow-up [7]. Among adolescents participating in the Obstructive
Lung Disease In Northern Sweden (OLIN) studies, an asthma cumulative incidence of
7.2% emerged at 6.5-yr follow-up [8].

In a 9-yr follow up of the European Community Respiratory Health Survey (ECRHS)
the cumulative incidence of allergic rhinitis (AR) was 12% [9]; a more recent follow-up of
the ECRHS German sample showed a cumulative incidence value of 7.9% at 20-yr follow-
up [10].

A chronic bronchitis (CB) cumulative incidence ranging from 22% in smokers to
about 10% in ex smokers and non smokers was found in Finnish adult subjects at 30-yr
follow-up [11]. Incidence values slightly over 3% of cough and phlegm were found in a
US adult subjects cohort at 3-yr follow-up [12]. Different airway obstruction (AO)
incidence values according to spirometric criteria were shown in a Swiss study at 11-yr
follow-up: 15.5% according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criterion [13] and 7.4% according to the lower limit of normal (LLN) criterion
[14]. A more recent study showed a cumulative incidence value of LLN AO of about 3%
in European young adults at 9-yr follow-up [15].

According to the World Health Organization (WHO), main environmental risk factors
associated with lifetime increase of RSD prevalence/incidence are tobacco use, air
pollutants, occupational exposure and climate changes [16-19]. Chronic Obstructive
Pulmonary Disease (COPD) attributable fractions are: 35% to smoking habit [20], 36% to
indoor/outdoor air pollution, 12% to occupational exposure [19]. Furthermore, 44% of
asthma is attributable to total occupational risks, indoor and ambient air pollutants [19].

The purpose of our population-based study was to evaluate 18-yr cumulative incidence

of RSD and the relationship with changes in risk factors exposure.
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MATERIALS AND METHODS

Sample

Detailed information on population characteristics and methods are available
elsewhere [1,21].

Briefly, a multistage stratified family-cluster random sample of general population,
living in Pisa, was investigated in three subsequent cross-sectional surveys: first survey
(PI1) (1985-1988); second survey (P12) (1991-1993); third survey (PI3) (2009-2011).

Since spirometry data were unavailable in PI1, only subjects participating in both P12
and PI3 (n=1107) were taken into account herein: the mean follow-up was 18-yr.

Information on RSD and risk factors were obtained through standardized interviewer-
administered questionnaires developed by CNR [1,22-23].

In PI2, all < 75 year subjects were invited to perform spirometry (forced vital
capacity-FVC- manoeuvre) according to the American Thoracic Society protocol [24],
through a water-sealed spirometer (Baires, Biomedin): the participation rate was 67% [25].
In PI3, all subjects were invited to perform spirometry (FVC manoeuvre) according to the
American Thoracic Society/European Respiratory Society protocol [26], through a hand-
held ultrasonic spirometer (EasyOne Model 2001 Spirometer, NDD Medical
Technologies): the participation rate was 55%.

At the time of P12, Italian law didn’t request an Ethical Committee approval; thus, the
protocol was approved by an Internal Revision Board within the CNR Preventive Medicine
Targeted Project. PI3 study protocol, patient information sheet, and consent form were
approved by the Pisa University Hospital Ethics Committee (Prot. no. 23887, April 16,
2008).

RSD incidence and longitudinal risk factors

Detailed information on investigated respiratory outcomes and risk factors are reported
in the Online Resource.

Briefly, 18-yr cumulative incidence values of AR, asthma, asthma attacks, COPD,
usual cough, usual phlegm, and AO were computed as the proportion of subjects without
symptoms & diagnoses in PI2 ("population at risk") who reported symptoms or diagnoses
in PI3 ("incidence"= "incident cases"/"population at risk").

For the longitudinal changes of smoking habits-SH, dusts/fumes/gases occupational
exposure-OE, and self-reported vehicular traffic exposure near home-VT, the following
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mutually exclusive categories were computed: “Never” (unexposed subjects in both PI2
and PI3), “Persistent” (exposed subjects in both PI2 and PI3), “Incident” (subjects who
started to be exposed between P12 and PI3), “Remittent” (subjects who quit to be exposed
between PI2 and PI3).

Statistical analyses

Statistical analyses were carried out using the Statistical Package for the Social
Sciences (SPSS version 16.0). Comparisons among groups were performed by chi-square
test for categorical variables and analysis of variance for continuous variables.

Logistic regression models were used to estimate the effect of longitudinal changes in
risk factors exposure on RSD incidence. Possible P12 confounding factors were accounted
for:age, sex, body mass index -BMI, second hand smoke exposure, family history (at least
one parent) of allergic rhinitis and/or respiratory diseases (asthma, CB or emphysema). For
AR and asthma, also skin prick test (SPT) positivity to house dust mites, pets, moulds or
pollens was taken into account. Odds ratio (OR) and 95% confidence interval (CI) were
calculated.

The significance level was set at 0.05.

RESULTS

Descriptive characteristics of PI2 and PI3 participants are shown in Table 1:
54.2%were females, 32.2% had SPT positivity, 47.3% had family history of allergic
disorders and 49.0% of respiratory diseases, 55.6% reported current second hand smoke
exposure. Significantly higher percentages of obesity (26.7% vs 11.6%), OE (45.8% vs
39.6%) and VT (63.1% vs 35.5%) and significantly lower percentage of smokers (18.8%
vs 24.7%) were found in PI3 with respect to P12.

18-yr cumulative incidence values of RSD were: 3.4%, asthma; 6.3%, asthma attacks;
33.1%, AR; 4.3%, COPD; 14.8%, usual cough; 15.7%, usual phlegm; 12.5%, AO (Fig.1a-
1b).

The highest incidence value in risk factor exposure was shown by VT (38.5%),
followed by OE (18.3%) and SH (6.5%). The highest remittance value was exhibited by
SH (25.5% for > 18 yrs, 16.1% for < 18 yrs), followed by OE (12.1%), VT (10.8%) (figure
2).

Asthma symptoms/diseases and AR showed no significant associations with SH.
COPD incidence was significantly higher in persistent (7.1%) and remittent smokers
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(about 6.0%) with respect to the other categories; usual phlegm was significantly higher in
persistent (27.1%) and incident smokers (21.9%) (table 2).

RSD incidence was significantly higher in persistent and incident OE: 38.5% and
43.0% for AR, 21.4% and 20.1% usual phlegm, 16.0% and 20.1% usual cough. COPD
incidence was higher in persistent exposed (8.7%) with respect to the other categories
(table 3).

Asthma attacks incidence showed the significantly highest value in incident VT
(10.0%), whilst AR in persistent and incident VT (about 36% for both). Bronchitic
symptoms/diseases showed no significant associations with VT (table 3).

Tables 4a-4b report the results of logistic regression models.

OE and VT were significantly associated with the cumulative incidence values of AR
and asthma: persistent OE with asthma (OR 3.4) and AR (OR 1.9); incident OE with AR
(OR 2.4); incident VT with asthma attacks (OR 2.2) and AR (OR 1.6) (table 4a).

SH and OE were significantly associated with the cumulative incidence of bronchitic
symptoms/diseases: persistent SH with COPD (OR 3.9), usual phlegm (OR 2.2) and LLN
AO (OR 3.2); incident SH with usual cough (OR 2.7); persistent OE with COPD (OR 2.4)
and usual phlegm (OR 1.8); incident SH with usual phlegm (OR 1.7) and usual cough (OR
1.7) (table 4b).

DISCUSSION

We found elevated 18-yr cumulative incidence values for RSD in a general population
sample, living in an urban/suburban area in Central Italy.

Occupational exposure and vehicular traffic exposure mainly influenced AR/asthma
incidence, as well as smoking habits and occupational exposure did for COPD incidence.

Allergic/asthmatic diseases

Significantly higher risks of asthma and AR incidence were found in subjects with
persistent OE: three-fold for asthma, two-fold for AR. A recent Northern European study
showed a significantly higher risk of having rhinitis and asthma incidence among ever
welders (hazard ratio (HR) 1.5 for both diseases), with respect to never welders [27]. A
higher risk of developing asthma in subjects exposed to dusts/fumes was confirmed by a
Swedish general population study showing an HR of 1.8 and 9.4% of OE attributable new-
onset asthma [5].
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A two-fold higher incidence risk of AR in subjects with incident OE with respect to
unexposed subjects was found. This relationship was confirmed by a 7-yr follow-up study
performed on German adolescents: those working in high-risk occupations (i.e. high
exposure levels to chemicals/irritants/fumes and/or environmental tobacco smoke) had an
increased risk for rhinitis onset (OR 1.5), with the highest incidence shown by those who
had been working for 2-9 months [28], highlighting the need of strong and early preventive
measures in workplaces also in the 21 century.

In Pisa, as in many other urban areas, vehicular traffic is increased in the last years.
VT incidence was related to 1.6-2.2 fold higher risk of AR and asthma attacks incidence
values, with respect to non exposure. These results are in line with data about six European
cohorts suggesting a deleterious effect of pollutants emitted by vehicular traffic on adult-
onset asthma incidence [29]. Furthermore, there is evidence that people living in urban
areas more frequently experience AR and bronchial asthma than those living in rural areas:
one of the main determinants is the increased presence of outdoor air pollutants from
energy consumption and vehicles exhaust emissions [17,30-31]. Indeed, damage to airway
mucous membranes and impaired muco-ciliary clearance caused by air pollution may
facilitate access of inhaled allergens to the immune system cells, promoting airways
sensitization [30-31].

COPD symptoms/diagnosis

SH is the main risk factor for COPD occurrence and exacerbations. In our study,
persistent smokers had an elevated risk of developing COPD, AO and usual phlegm, as
well as incident smokers had a higher risk of developing usual cough.

Similar results have been shown in other European cohorts [11,32-33]. In two rural
Finnish cohorts, the 30-yr CB cumulative incidence was 22% in smokers and about 10% in
ex smokers and non smokers [11]. In another Finnish cohort, current smoking emerged as
an independent risk factor for incident COPD (OR 4.40) [32]. A Swedish cohort showed a
1.5/1000 person-year productive cough incidence rate in smokers [33].

The relationship between SH and bronchitic conditions was confirmed also by the
results of objective measurements (spirometry), showing a 3-fold higher risk of developing
LLN AO in persistent smokers. In a Swiss cohort, heavy smoking was related to higher
risk for AO incidence based on fixed ratio criterion (RR 1.51) [13]. More recently, in a
Swedish elderly cohort, a significant effect of current smoking for both fixed ratio (RR
1.75) and LLN criteria (RR 2.16) was observed [34].
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OE was significantly associated with the cumulative incidence of COPD
symptoms/diagnosis. In particular, incident OE was related to usual phlegm and usual
cough and persistent OE was related to COPD and usual phlegm, confirming results of
other general population cohorts. A Norwegian 11-year community cohort study showed
that exposure to workplace gases/fumes was significantly related to incident phlegm in
women (OR 1.42) [35]. North-American authors reported that, during an approximately 3-
yr follow-up, subjects working in specific occupations, including mechanic and repair
occupations and cleaning and building services, had significantly higher risks of
developing chronic phlegm and chronic cough [12]. A recent Swiss Cohort Study indicated
a fourfold higher risk of COPD incidence in subjects exposed to high levels of
vapours/gases/dusts/fumes with respect to low exposure [14]. These findings were
confirmed in a Finnish cohort where occupational exposure to dusts/gases/fumes, assessed
by both self-reported exposure and job exposure matrix, was an independent risk factor for
incident COPD (OR 2.14 for self-reported OE) [32].

Cumulative and yearly incidence values

In order to compare our findings with those of other European/US studies, considering
the different follow-up periods, we computed the mean yearly incidence values, after
dividing cumulative incidence rates by years of follow-up (table 5).

Consistently with other studies, there was a general increasing trend, in particular for
AR (table 5). Indeed, our AR incidence values were the highest (18.4%o), indicating that
the worldwide increase of allergic respiratory diseases during the last 3 decades in
industrialized countries is not over [9-10,30]. Further, there were elevated yearly incidence
values for bronchitic symptoms (cough and phlegm), ranging from 8.2%o to 11.7%o (table
5). Not surprisingly, the incidence of diagnosed disease was lower than the symptoms
incidence, but values were not negligible (from 1.3%o to 5.1%o for asthma and from 2.4%o
to 4.7%o for COPD) (table 5). The slight differences among the findings of the reported
studies are likely due to the different periods of data collection and definitions of
symptoms/disease diagnoses.

Limits and strengths

Use of questionnaires for collecting RSD data might be a limitation because it is

potentially affected by a reporting bias, as it relies upon individual memory; nevertheless,

the standardized questionnaire is one of the main investigation tool in respiratory
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epidemiology [36-37]. Moreover, in our study an objective respiratory outcome (lung
function), not affected by such potential bias, was also applied.

It is to point out that in PI3 some differences in the used questionnaire exist, but only
comparable or identical questions to PI2 ones were chosen.

Spirometry was performed using different instruments in PI2 and PI3; a correction
factor was derived to overcome this limit and to permit the comparison between studies, as
reported in our previous paper [1].

Sensitivity analyses were performed to assess some potential critic aspects of our
study.

First, considering that less than 50% of the original sample performed spirometry in
both surveys (n=417), a comparison of incidence rates and frequencies of longitudinal risk
factors between the subsample of subject performing spirometry and the whole sample was
performed: no difference was found letting us to be confident in the generalizability of
results about AO incidence to the whole Pisa sample.

Second, a comparison of the baseline characteristics and health status of subjects who
were followed-up (P12 and PI3 participants) with those of subjects who weren’t (only P12
participants) was performed: differences regarding age and prevalence of COPD
symptoms/disease were found, with the highest values in only PI2 participants than in PI2
and PI3 participants. Thus, the incidence value computation was made in a sample of
younger healthy subjects with respect to the total PI2sample, with a possible conservative
estimate of the reported incidence values. This aspect was confirmed by a recent article
showing that, among long-term participants in population surveys, disease prevalence rates
tend to be slightly lower than for the total baseline population, suggesting that subjects
who continue to participate in a study are healthier than those who quit [38].

A strength of our population-based study is to have applied, over an 18-yr follow-up,
the same study design, sampling frame and study protocol in repeated cross-sectional
surveys on general population samples living in the same area. Moreover, a wide general
population sample spanning from childhood to the elderly was analyzed, with a vast
amount of individual qualitative and quantitative data.

At last, another strength is the consistency of our results with those of other

international studies.
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CONCLUSION

In conclusion, our study showed elevated18-yr cumulative incidence values of RSD in
a general population sample living in Central Italy and it indicated that changes in lifestyle
and in environmental exposure can influence the RSD onset: in particular, changes in OE
and VT were related to AR/asthma incidence and changes in SH and OE were related to
COPD incidence.

Such information should be taken into account for primary prevention strategies in

order to reduce the burden of chronic diseases in the general population.

Ethical approval: All procedures performed in studies involving human participants were
in accordance with the ethical standards of the institutional research committee and with

the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
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Table 1 Descriptive characteristics of P12-PI3 longitudinal subjects

(n=1107; males=507; females=600)

P12 P13 p-value
(1991-1993) | (2009-2011)
Sex (%):
males 45.8 45.8
females 54.2 54.2
Age (mean+SD) 42.3+16.3 60.1£16.2 0.000
Age range 8-78 25-96
BMI (n=688)* (meantSD) 25.4+4.2 27.5+4.6 0.000
BMI (n=688) (%): 0.000
Underweight/normal weight 48.0 29.8
Overweight 40.4 43.5
Obese 11.6 26.7
missing values (n=419) 37.8 37.8
Smoking habits (%): 0.000
Smokers 24.7 18.8
Ex smokers 28.5 354
Non smokers 46.8 45.8
Occupational exposure (%) 39.6 45.8 0.003
Vehicular traffic exposure (%) 35.5 63.1 0.000
Second hand smoke exposure 55.6 n.a.
Positivity to SPT** (n=987) (%) 32.2 n.a.
missing values (n=120) 10.8
Family history (at least one parent) | 49.0 n.a.
of respiratory diseases*** (%)
Family history (at least one parent) | 47.3 n.a.
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of allergic rhinitis (%)

SD: standard deviation; BMI: body mass index; SPT: skin prick test

* BMI was available only in 688 subjects in PI3; thus, the comparison between PI2 and
PI3 values was performed on this subsample

**positivity (mean wheal diameter > 3 mm than that of the negative control) to at least one
allergen among house dust mites, pets, moulds, pollens

*#*asthma or chronic bronchitis or emphysema

n.a. not available

Information about second hand smoke exposure were not comparable in PI2 and PI3, thus
only baseline value was taken into account.

In bold: statistically significant values.

Table 2 Symptoms/diseases incidence by longitudinal changes in smoking habits (%)

Persistent** | Remittent | Remittent | Incident®* | Never | p-

for <18 for > 18 value

yrs** yrs**
N* 126 164 257 63 398
Asthma 3.2 3.0 3.5 4.8 33 0.977
diagnosis
Asthma attacks | 9.5 5.5 7.0 4.8 53 0.463
N 111 150 234 61 329
Allergic rhinitis | 27.9 353 36.3 36.1 31.0 | 0.452
N 85 129 217 64 371
COPD 7.1 6.2 6.0 0.0 2.7 0.050
Usual phlegm 271 13.2 15.2 21.9 13.2 0.014
Usual cough 20.0 11.6 13.0 21.9 14.3 0.212
N 51 56 102 25 134
LLN AO 19.6 12.5 15.7 0.0 9.7 0.098

COPD: Chronic Obstructive Pulmonary Disease; LLN AQO: Airway obstruction computed
according to the lower limit of normal.

*N=population at risk; **Persistent: smokers at PI2 and PI3; Remittent for < 18 yrs:
quitters between PI2 and PI3; Remittent for > 18 yrs: quitters before PI2; Incident:
beginners between P12 and PI3.

In italic: borderline values; in bold: statistically significant values.
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Table 3 Symptoms/diseases incidence by longitudinal changes in occupational

exposure and vehicular traffic exposure (%)

Persistent | Remittent ‘ Incident | Never | p-value
Occupational exposure
N 275 125 181 427
Asthma diagnosis | 5.7 1.6 5.0 2.1 0.065
Asthma attacks 8.7 6.4 3.9 5.6 0.177
N 244 105 158 378
Allergic rhinitis | 38.5 25.7 43.0 27.5 0.001
N 206 103 159 398
COPD 8.7 1.0 2.5 3.5 0.002
Usual phlegm 21.4 9.7 20.1 12.6 0.004
Usual cough 16.0 7.8 20.1 13.8 0.043
N 109 40 74 145
LLN AO 17.4 15.0 10.8 9.0 0.212
Vehicular traffic exposure
N 245 106 391 265
Asthma diagnosis | 1.6 3.8 5.1 2.3 0.073
Asthma attacks 3.3 3.8 10.0 4.5 0.001
N 216 95 343 230
Allergic rhinitis | 37.0 24.2 36.2 28.7 0.039
N 206 93 340 227
COPD 5.8 4.3 4.7 2.2 0.290
Usual phlegm 17.0 17.2 15.9 13.7 0.767
Usual cough 15.5 15.1 14.4 14.5 0.986
N 95 33 142 97
LLN AO 10.5 6.1 12.0 17.5 0.277

COPD: Chronic Obstructive Pulmonary Disease; LLN AQO: Airway obstruction computed
according to the lower limit of normal.
In italic: borderline values; in bold: statistically significant values.
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Table 4a. Longitudinal risk factors for asthma/allergic symptoms/diseases incidence:

OR and 95% CI
Asthma Asthma attacks Allergic
diagnosis rhinitis
Smoking habits:
never 1.0 1.0 1.0
persistent 0.6(0.2-2.4) 2.2(0.9-5.1) 0.9(0.6-1.6)
remittent for <18 yrs 0.9(0.3-2.8) 1.1(0.5-2.7) 1.3(0.8-2.1)
remittent for >18 yrs 0.9(0.4-2.4) 1.2(0.6-2.5) 1.1(0.7-1.6)
incident 1.0(0.2-4.4) 1.0(0.2-3.9) 0.9(0.5-1.8)
Occupational exposure:
never 1.0 1.0 1.0
persistent 3.4(1.3-8.9) 1.2(0.6-2.4) 1.9(1.3-3.0)
remittent 0.9(0.2-4.3) 0.9(0.4-2.2) 1.1(0.7-2.0)
incident 1.9(0.7-5.5) 0.6(0.2-1.5) 2.4(1.5-3.6)
Vehicular traffic exposure:
never 1.0 1.0 1.0
persistent 0.9(0.2-3.2) 0.5(0.2-1.4) 1.4(0.9-2.2)
remittent 1.6(0.4-6.2) 0.5(0.1-1.9) 0.8(0.5-1.5)
incident 2.3(0.9-6.1) 2.2(1.1-4.4) 1.6(1.0-2.3)

A logistic regression model for each considered outcome was used to estimate the effect of

longitudinal changes in risk factors exposure (smoking habits, occupational exposure and
vehicular traffic exposure) on respiratory symptoms/diseases incidence, controlling for
baseline factors closely related to the onset of respiratory symptoms/diseases (age, sex,

body mass index -BMI, second hand smoke exposure, positivity to skin prick test, family

history of allergic rhinitis and family history of respiratory diseases (asthma, chronic

bronchitis or emphysema)).

In italic: borderline values; in bold: statistically significant values.
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Table 4b. Longitudinal risk factors for bronchitic symptoms/diseases incidence: OR

and 95% CI
COPD Usual phlegm | Usual LLN AO
cough
Smoking habits:
never 1.0 1.0 1.0 1.0
persistent 3.9(1.2-12.6) | 2.2(1.2-4.1) 1.7(0.9-3.2) | 3.2(1.2-8.3)
remittent for <18 yrs | 2.8 (0.9-8.5) | 0.9(0.5-1.8) 1.0(0.5-1.8) | 1.6(0.6-4.7)
remittent for >18 yrs | 2.3(0.9-5.9) 1.0(0.6-1.7) 1.0(0.6-1.6) | 1.3(0.6-3.1)
incident - 2.1(0.9-4.4) |2.7(1.3-5.9) | ---
Occupational
exposure:
never 1.0 1.0 1.0 1.0
persistent 2.4(1.0-5.8) 1.8(1.1-2.9) 1.2(0.7-2.1) | 1.7(0.7-4.0)
remittent 0.2(0.0-1.7) | 0.7(0.3-1.4) | 0.5(0.2-1.1) | 1.3(0.4-3.8)
incident 0.8(0.3-2.7) 1.7(1.0-2.8) 1.7(1.0-2.8) | 0.9(0.3-2.4)
Vehicular traffic
exposure:
never 1.0 1.0 1.0 1.0
persistent 2.1(0.7-6.5) 1.2(0.7-2.1) 1.0(0.6-1.7) | 0.4(0.2-1.1)
remittent 2.0(0.7-5.8) 1.3(0.6-2.4) 1.1(0.5-2.1) | 0.3(0.1-1.5)
incident 2.0(0.7-5.8) 1.2(0.7-1.9) ] 0.9(0.6-1.5) | 0.6(0.3-1.3)

A logistic regression model for each considered outcome was used to estimate the effect of
longitudinal changes in risk factors exposure (smoking habits, occupational exposure and
vehicular traffic exposure) on respiratory symptoms/diseases incidence, controlling for
baseline factors closely related to the onset of respiratory symptoms/diseases (age, sex,
body mass index -BMI, second hand smoke exposure, positivity to skin prick test, family
history of allergic rhinitis and family history of respiratory diseases (asthma, chronic
bronchitis or emphysema)).
COPD: Chronic Obstructive Pulmonary Disease; LLN AQO: Airway obstruction computed

according to the lower limit of normal

In italic: borderline values; in bold: statistically significant values.
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Table 5. Comparison of respiratory symptoms/diseases incidence values among

different studies

Reference Country | Populati | Follow-up | Cumulative | Yearly
on period incidence incidence
rate (%) rate (%o)
Asthma Torénetal | Western | n=15761 | 1990-2008 | 2.3 1.3
diagnosis | 2011° Sweden | 16-75 yrs | 18 yrs
Pallasaho et | Finland | n=4302 1996-2007 | 4.0 3.6
al 2011°%° 20-69 yrs | 11 yrs
Hansen et al | Switzerla | n=5128 1991-2001 | 6.4 3.2
2015° nd 18-60 yrs | 20 yrs
Verlato et al | Italy n=3187 | 1999-2008 | 4.6 5.1
2016’ 20-54 yrs | 9 yrs
Hedmanet | Sweden |n=3151 | 2000 7.2 11.1
al, 2015 11-12 yrs | 6.5 yrs
Maio et al Italy n=1008 1992-2010 | 3.4 1.8
8-78 yrs | 18 yrs
Allergic Gallmeieret | Germany | n=754 1990-1992 | 7.9 4.0
rhinitis al 2014'"° 20-44 yrs | 20 yrs
Radonetal |27 n=4994 1992-2001 | 12.0 13.3
2008’ Europea | 20-44 yrs | 9 yrs
n
countries
Maio et al Italy n=885 1992-2010 | 33.1 18.4
8-78 yrs | 18 yrs
COPD or | Johannessen | Norway | n=908 1987-1996 | 6.1 6.7
CB et al 2005% 18-74 yrs | 9 yrs
Pelkonnen | Finland | only men | 1959-1989 | 14.0 4.7
et al 2006 n=345 30 yrs
40-59 yrs
Maio et al Italy n=866 1992-2010 | 4.3 2.4
8-78 yrs | 18 yrs (4.7)** (2.6)
Usual Mirabelliet | US n=8967 | ‘80s 3.5 11.7
cough al 20122 45-64 yrs | 3 yrs
Maio et al Italy n=866 1992-2010 | 14.8 8.2
8-78 yrs | 18 yrs (15.1)** (8.4)
Usual Mirabelliet | US n=8967 | ‘80s 34 11.3
phlegm | al2012" 45-64 yrs | 3 yrs
Maio et al Italy n=866 1992-2010 | 15.7 8.7
8-78 yrs | 18 yrs (15.5)** (8.6)
LLN AO | Mehta et al | Switzerla | n=4023 1991-2002 | 7.4 6.7
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2012" nd 18-62 yrs | 11 yrs

Marcon et Europe n=4205 1991-1993 | 2.6 2.9

al, 2018" 20-44 yrs | 9 yrs

Maio et al Italy n=368 1992-2010 | 12.5 6.9
8-70 yrs | 18 yrs (13.7)** (7.6)

COPD: Chronic Obstructive Pulmonary Disease; CB: chronic bronchitis; LLN AO:
Airway obstruction computed according to the lower limit of normal.

* general health insurance beneficiaries (health care utilization)
** the incidence rate computed only in adult subjects was reported in italic

Fig 1. Symptoms/diseases cumulative incidence* and 95% confidence intervals from

P12 to PI3
a) asthma and allergic rhinitis symptoms/disease b) COPD symptoms/disease

* Incidence in PI3 subjects not reporting symptoms and diagnoses in PI12.

COPD: Chronic Obstructive Pulmonary Disease; LLN AQO: Airway obstruction computed

according to the lower limit of normal.
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Fig 2. Changes in risk factors exposure from PI2 to PI3 (n=1107) (%)
Remittent for < 18 yrs: subjects stopping smoking between PI2 and PI3; Remittent for > 18
yrs: subjects stopping smoking before PI2.
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Supplemental material

Respiratory symptoms/diseases incidence and risk factors in the 18-yr Pisa
epidemiological study
Maio S.

saramaio@ifc.cnr.it

Investigated respiratory symptoms/diseases

Since in P12 and PI3 different questionnaires were used, only comparable questions were
used for these analyses:

- Asthma diagnosis, if the subjects reported asthma confirmed by a physician (P12, PI3);

- Current asthma attacks, if the subjects reported attacks of shortness of breath with
wheezing, apart from common colds, currently (PI2) or in the last 12 months (P13);

- Allergic rhinitis (AR) symptoms/diagnosis, if the subjects reported hay fever or other
conditions causing runny or blocked nose, apart from common colds (PI2) or if the
subjects reported problems with sneezing or a runny or blocked nose, apart from common
colds (PI3);

- Usual cough (or phlegm), if the subjects reported usual cough (or phlegm) apart from
common colds (P12, PI3);

- COPD diagnosis, if the subjects reported chronic bronchitis or emphysema confirmed by
a physician (PI2) or if the subjects reported chronic bronchitis, emphysema or COPD
confirmed by a physician (PI3);

- Airway obstruction (AO) was detected using the ERS/ATS criterion: FEV,/FVC
percentage predicted < lower limit of normal (LLN) (Pellegrino 2005); the LLN was
derived from population-specific prediction equations (Pistelli 2007) (PI2,PI3).
Considering that two different spirometers were used in PI2 and PI3, adjusted value of

FEV, and FVC were used in PI3, as detailed in an our previous paper (Maio 2016).

Incidence was computed in the subsample of the subjects reporting symptoms or
diagnoses in PI3 but without symptoms & diagnoses in P12, as follows:
- for asthma diagnosis: subjects reporting asthma diagnosis in PI3 but reporting
neither asthma diagnosis nor asthma attacks in P12 (n=1008);
- for asthma attacks: subjects reporting asthma attacks in PI3 but reporting neither
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asthma diagnosis nor asthma attacks in P12 (n=1008);

- for AR symptoms/diagnosis: subjects reporting AR diagnosis or AR symptoms in
PI3 but reporting neither AR diagnosis nor AR symptoms in P12 (n=885);

- for COPD diagnosis: subjects reporting COPD in PI3 but reporting neither COPD
diagnosis nor COPD symptoms (phlegm and cough) in P12 (n=866);

- for usual phlegm: subjects reporting usual phlegm in PI3 but reporting neither
COPD diagnosis nor COPD symptoms (phlegm and cough) in P12 (n=866);

- for usual cough: subjects reporting usual cough in PI3 but reporting neither COPD
diagnosis nor COPD symptoms (phlegm and cough) in P12 (n=866);

- for AO: subjects having AO in PI3 but not in PI2 (n=368).
Cumulative rates for the incidence of the symptoms and diseases over the eighteen-

year follow-up were calculated as follows: "incidence" = "incident cases" / ("incident" +

"never").

Risk factors

Longitudinal changes of the main risk factors for respiratory diseases were computed.

Smoking habits were coded into 5 groups: ‘“Never” (non smoker subjects both in PI2
and PI3), “Persistent” (smoker subjects both in PI2 and PI3), “Incident” (subjects starting
to smoke in the period between PI2 and PI3), “Remittent for < 18 yrs” (subjects stopping
smoking in the period between P12 and PI3), “Remittent for > 18 yrs” (subjects who had
stopped smoking before PI12).

Occupational exposure (exposure to dust/fume/gas at work) was codified into 4 groups:
“Never” (unexposed subjects both in PI2 and PI3), “Persistent” (exposed subjects both in
PI2 and PI3), “Incident” (subjects becoming exposed in the period between P12 and PI3),
“Remittent” (subjects quitting exposure between P12 and PI3).

Vehicular traffic exposure (self-reported exposure to vehicular traffic near home) was
codified into 4 groups: “Never” (unexposed subjects both in PI2 and PI3), “Persistent”
(exposed subjects both in PI2 and PI3), “Incident” (subjects becoming exposed in the
period between PI2 and PI3), “Remittent” (subjects quitting exposure between PI2 and
PI3).
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Abstract

Background: asthma underdiagnosis and remission data from longitudinal epidemiological
studies are scanty.

Aim: assessing risk factors for asthma underdiagnosis and remission.

Methods: two general population samples living in Po Delta (North Italy) and Pisa (Central
Italy) were investigated, through health status and risk factors questionnaire, in cross-
sectional studies between 1980-2011.

Individuals reporting asthma symptoms/diagnosis in the previous surveys were enrolled in
a survey about asthma (AGAVE project, 2011-2014).

Subjects were classified as: remittent (not reporting current asthma symptoms and
treatment in AGAVE survey) (REMIT); persistent symptomatic (reporting current asthma
symptoms but not diagnosis in both PD/PI previous and AGAVE surveys) (Sx-PERS);
persistent asthmatic (reporting current asthma diagnosis in both PD/PI previous and
AGAVE surveys) (DSx-PERS). Statistical analyses were performed to assess risk factors
associated with Sx-PERS, a condition interpreted as underdiagnosis, and REMITIT.
Results: 668 subjects participated: 52.5% REMITIT, 17.2% Sx-PERS, 30.3% DSx-PERS.
The multinomial logistic regression analysis (DSx-PERS, reference category) showed a
significant inverse association between REMITIT and living in urban area (OR 0.46) and
asthma comorbidities (OR 0.40 recurrent respiratory infections; OR 0.18 allergic rhinitis;
OR 0.35 COPD). Sx-PERS was significantly related to smoking habits (OR 2.33), second
hand smoke exposure (OR 2.16), obstructive sleep apnoea (OR 2.02) and inversely related
to allergic rhinitis (OR 0.34).

Conclusions: 52.5% of asthma remission and 17.2% of underdiagnosis was found in
general population at mean 20-yr follow-up.

Asthma remission and underdiagnosis showed associations with different risk factors; such
information could help affected patients and health care providers in prevention and

management strategies.
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Introduction

Asthma is a chronic inflammatory airway disease whose prevalence is still on the
increase. The prevalence reached epidemic proportions (1-18%) due to risk factors such as
atopic predisposition, exposure to allergens or indoor and outdoor pollutants (including
occupational exposure) and viral infections. Patients suffering from this disease have a
reduced quality of life, lower productivity and increasing medical costs'. In the last
decades, nevertheless effective pharmacological treatments and management strategies
have been developed, asthma remains a treatable but not a curable disease. Thus, much
effort was put into studying the risk factors associated with the inception and progression
of asthma, since understanding these factors represents the first necessary step for
developing effective prevention strategies™.

From a clinical standpoint, to elucidate the asthma natural history and long term
outcomes is not an issue of secondary importance; studies on asthmatic cohorts can help®.
Asthma may onset at any age (even if manly in children) and is known to clinically persist,
possibly resolve and/or present remission over time. For these reasons, asthma progression
is difficult to be characterized and predicted® and little is known about the asthma activity
and inactivity and its correlated risk factors*’. Indeed, few epidemiological studies have
focused on asthma remission associated factors”'".

Another problem related to asthma is its underdiagnosis even if the first
international guidelines were published in 1991''. Most patients, in particular elderly, don't
report their symptoms to the general practitioner (GP) because they don't recognize them
and/or are suffering from other comorbidities with similar clinical manifestations like
COPD or heart failure; thus, they remain unknown and undiagnosed. On the other side,
patients who do present with respiratory problems and who have reduced lung function are
not always recognized as such or they are underestimated'*">.

In this framework, data of the AGAVE project (Severe Asthma: epidemiological
and clinical cohorts follow up by registry and questionnaires; therapeutic appropriateness

and outcome assessment, according to GINA guidelines) were analyzed.
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The AGAVE project, performed in 2011-2014, was funded by the Italian Medicines
Agency (AIFA) and it was aimed at assessing the effectiveness of therapeutic strategies for
asthma patients, in epidemiological and clinical samples, through the implementation of an
on-line Registry (http://www.iss.it/site/asmagrave/)'*.

This manuscript focuses on the AGAVE epidemiological arm with the aim to assess
the risk factors associated with asthma underdiagnosis and remission in two general

population samples assessed during a mean 20-yr follow-up.

Materials and methods
Background

A random general population sample, living in the rural Po Delta area (PD, North
Italy), was investigated in two subsequent cross-sectional surveys with the aim to assess
respiratory symptoms/diseases and the related risk factors: the first survey (PD1) was
performed in 1980-1982 on 3284 subjects; the second survey (PD2) in 1988—-1991 on 2841
subjects’.

The same protocol and selection method were used to enrol a random general
population sample, living in the urban and suburban area of Pisa (PI, Central Italy),
investigated in three subsequent cross-sectional surveys: the first survey (PI1) was
performed in 1985-1988 on 3865 subjects; the second survey (P12) in 1991-1993 on 2841
subjects; the third survey (PI3) in 2009-2011 on 1620 subjects. Data were collected
through standardized interviewer-administered questionnaires'®.

Detailed information on population characteristics and methods of the previous
studies were already published'*'®.

AGAVE study population

In the AGAVE project (2011-2014), subjects reporting asthma diagnosis or asthma
symptoms (asthma attacks or wheezing) in at least one of the previous epidemiological
surveys (PD and PI) were enrolled (figure 1): n=480 from Pisa survey and n=188 from PD
survey.

Methods

In the AGAVE project, subjects were investigated using an epidemiological
questionnaire based on the main items of the GINA guidelines'' regarding asthma
symptoms/diseases, clinical characteristics, asthma treatment, exacerbations, symptoms’
control, comorbidities and risk factors exposure. The questionnaire was reviewed and
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approved by an interdisciplinary internal board comprised of pneumologists, allergists and
epidemiologists.

The AGAVE study protocol, patient information sheet and consent form were
approved by the ethics committee of the Pisa University Hospital (Azienda Ospedaliero-
Universitaria Pisana, Prot. no. 17658, March 21, 2011).

Statistical analyses

Subjects were classified according to the temporal changes in the presence/absence
of asthma symptoms/diagnosis from previous surveys (PD and PI) to the start of the
AGAVE survey, as: remittent (REMIT), subjects reporting asthma symptoms or diagnosis
in at least one of the PD and PI previous surveys and not reporting current (last 12 months)
asthma symptoms & diagnosis & use of asthma medications in AGAVE project; persistent
symptomatic (Sx-PERS), subjects reporting only current asthma symptoms (without
lifetime physician diagnosis, i.e. "underdiagnosis") in both PD and PI previous surveys and
AGAVE survey; persistent asthmatic (DSx-PERS), subjects reporting current asthma (with
lifetime physician diagnosis) in both PD and PI previous surveys and AGAVE survey
(figure 2).

One-way analysis of variance was used for comparing continuous variables among
different groups of patients, while categorical variables were evaluated by chi-square test.

A post-hoc analysis was run to assess the source of statistically significant result in
case of contingency table larger than a 2 x 2, using adjusted standardized residual.

A multinomial logistic regression analysis, taking as dependent variable the
longitudinal changes in asthma symptoms/diagnosis (reference category: DSx-PERS), and
as independent variables: age (< 46 yrs, 47-65 yrs, > 65 yrs), sex (males, females), BMI
groups (obese, overweight, normal/under weight), educational level (0-8 yrs, 8-13 yrs, > 13
yrs), area of residence (urban, rural), occupational exposure to gases/fumes/dusts (yes, no),
smoking habits (smokers, ex-smokers, non smokers), second hand smoke exposure (yes,
no), obstructive sleep apnoea (yes, no), AR (yes, no), COPD (yes, no), recurrent (> 3
annual episodes) lower respiratory infections (yes, no), anxiety/depression (yes, no),
diabetes (yes, no).

Statistical analyses were performed using the Statistical Package for the Social
Sciences (SPSS), rel 17.0. A p-value <0.05 was considered statistically significant, a

0.05<p-value<0.10 was considered as borderline value.
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Results
General characteristics

Six hundred and sixty eight subjects reporting asthma diagnosis or asthma
symptoms in the PD and PI previous surveys were analyzed (participation rate 68%) (table
1, figure 1).

The majority were females (54.3%) and the mean age was 57.8 years. Educational
level was middle-low with only 16.1% with an academic degree. 71.9% of the sample
lived in urban PI (table 1). Body mass index (BMI) was slightly high with 15.5% of
subjects having a BMI indicating obesity. 37.2% were ex-smokers, while 19.3% current
smokers. 16.7% were exposed to second hand smoke, 51.8% to vehicular traffic near home
and 39.1% to fumes/gases/dusts at work (table 1).

Longitudinal asthmatic status
52.5% of subjects were remittent (REMIT), 17.2% persistent symptomatic (Sx-PERS) and
30.3% persistent asthmatic (DSx-PERS) (figure 3).

A significantly higher frequency of REMIT was found in: males with respect to
females (56.1% vs 49.6%), subjects living in PD rural area with respect to PI urban area
(64.4% vs 47.9%), medium educational level (high school) vs low (elementary/medium
high school) and high (university) educational level (57.3% vs 49.7% and 53.3%), age 47-
65 yrs vs age < 46 yrs and > 65 yrs (54.6% vs 49.7% and 52.9%). A significantly higher
frequency of Sx-PERS was found in males with respect to females (19.0% vs 15.7%), in
subjects with low educational level (21.8% vs 14.1% (medium) and 9.3% (high)) and in
subjects with age > 65 yrs (22.5% vs 9.7% (< 46 yrs) and 17.9% (47-65 yrs)). A
significantly higher frequency of DSx-PERS was found in females with respect to males
(34.7% vs 24.9%), in subjects living in PI urban area with respect to PD rural area (35.0%
vs 18.0%), in subjects with high educational level (37.4% vs 28.5% (low) and 28.6%
(medium)) and in subjects with age <46 yrs (40.6% vs 27.5% (47-65 yrs) and 24.6% (> 65
yrs)) (table 2).

A higher frequency of REMIT was found in subjects with asthma diagnosis and
asthma symptoms onset at younger age (< 12 yrs) with respect to older age (12-40 yrs, >
40 yrs) (39.8% vs 25.6% and 11.1%; 39.2% vs 23.9% and 12.2%, respectively). A higher
frequency of DSx-PERS was found in subjects with asthma diagnosis and asthma
symptoms onset at older age (> 40 yrs) with respect to younger age (< 12 yrs, 12-40 yrs)
(88.9% vs 60.2% and 74.4%; 87.8% vs 60.8% and 76.1%, respectively) (table 2).
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Table 3 shows the relationship between risk factors exposure, current asthma
comorbidities and longitudinal asthmatic status.

REMIT was significantly lower in current smokers with respect to ex smokers and
no smokers (44.2% vs 55.2% and 53.8%) and in subjects with occupational exposure
(43.1% vs 57.7%) and second hand smoke exposure (35.5% vs 55.6%) with respect to
those without them; Sx-PERS was significantly higher in current smokers (28.7% vs
17.0% ex smokers and 12.4% non smokers) and in subjects with second hand smoke
exposure (29.0% vs 15.0%); ADs-PERS frequency was significantly higher in subjects
with occupational exposure (36.2% vs 26.6%) (table 3).

As regards current comorbidities, REMIT was significantly lower in subjects with
asthma comorbidities with respect to those without them: recurrent respiratory infections
(24.4% vs 56.4%), obstructive sleep apnoea (30.9% vs 55.7%), AR (36.5% vs 62.4%),
COPD (28.2% vs 55.5%) and depression/anxiety (42.0% vs 56.7%); Sx-PERS was
significantly higher in subjects with obstructive sleep apnoea (34.6% vs 14.8%) and
diabetes (31.8% vs 16.0%); ADs-PERS was significantly higher in subjects with the other
comorbidities: AR (49.2% vs 18.8%), COPD (47.9% vs 28.4%) and depression/anxiety
(40.3% vs 26.4%) (table 3).

The results of the multinomial logistic regression analysis, taking into account DSx-
PERS as reference category, were shown in figure 3. An inverse significant association
was found between REMIT and living in PI urban area (OR 0.46, 95% CI 0.26-0.80) and
asthma comorbidities (OR 0.40, 95% CI 0.20-0.78 for recurrent respiratory infections; OR
0.18, 95% CI 0.11-0.28 for allergic rhinitis; OR 0.35, 95% CI 0.17-0.74 for COPD) (figure
3); a borderline inverse association was found in subjects exposed to fumes/gases/dusts at
work (OR 0.66, 95% CI 0.41-1.06) (data not shown).

Sx-PERS was significantly related to current smoking habits (OR 2.33, 95% CI
1.13-4.83), second hand smoke exposure (OR 2.16, 95% CI 1.09-4.28), obstructive apnoea
(OR 2.02, 95% CI 1.00-4.09) and inversely related to allergic rhinitis (OR 0.34, 95% CI
0.19-0.60) (figure 4).

Discussion

Our results showed 52.5% of asthma remission and 17.2% of asthma symptoms
persistence without receiving asthma diagnosis in general population samples assessed
during a 30-yr follow-up. The latter may be considered a clue for underdiagnosis.
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Asthma remitted less in subjects living in an urban area and in those with asthma
comorbidities. Asthma underdiagnosis was higher in current smokers, in those exposed to
second hand smoke and in subjects with sleep apnoea, but lower in those with allergic
rhinitis.

Asthma remission

Asthma can persist, completely remit, or show possible combinations of remissions
and relapses over time. Few patients show lifespan symptoms. Most children with asthma
remit symptoms during adolescence and early adulthood™'”.

Our study showed about 50% of asthma remission, a value in line with other
findings™’. Some studies showed higher values (65-75% at 30/40-yr follow-up)™®, others

lower values (15-20% at 10-yr follow-up)®'"'®

. These variations among studies may partly
be explained by different follow-up periods and quite different definitions of remission (i.e.
clinical remission or complete remission)>'’. Only a minority of patients has complete
remission. The remaining patients no longer report symptoms but retain airway hyper-
responsiveness or airway inflammation. It suggests that symptoms remission does not
reflect remission of underlying airway pathology’. However, the clinical asthma remission
(absence of symptoms and medication use) is the most commonly used criterion in
epidemiology and it is also mostly used in clinical algorithms for disease management”.

In the few epidemiological studies focusing on asthma remission, male sex, early-
onset asthma and absence of allergic rhinitis were clearly associated with symptoms
remission””"'".

We found relationship between REMIT and asthma comorbidities, which was in
line with other international researches; in particular, the association with allergic rhinitis
is evident™. In Swedish and Italian general population samples, presence of rhinitis was
inversely associated with 10-yr (OR 0.33, 95% CI 0.16-0.67)° and 20-yr remission (OR
0.48, 0.43-0.53)’, respectively. In a Tasmanian Longitudinal Health Study, childhood (OR
0.38, 0.25-0.58) and later-onset allergic rhinitis (OR 0.42, 0.29-0.63) were inversely
associated with remission at 40-yr follow up®.

REMIT was lower in subjects with COPD (OR 0.35). A US study on a general
adult population sample showed that COPD was higher in subjects with active asthma with
respect to inactive asthma (34.6% vs 14.7%)"’; the same result was found in a Canadian
study, using health administrative databases, showing that rates of asthma claims were

higher among patients with COPD with respect to those without COPD”. Moreover, in a

113



US study, subjects with active asthma showed a higher hazard ratios than inactive or non
asthmatic subjects for acquiring COPD*.

REMIT was lower in subjects with recurrent respiratory infections (OR 0.40). This
association could be explained by the strong evidences demonstrating the association
between asthma exacerbations and viral infections in the community. Several viral
infections are an "adjuvant" to the inflammatory response and promote the development of
airway injury by enhancing airway inflammation and possibly inducing asthma
exacerbation''. Respiratory syncytial virus and human rhinovirus are known to be major
causes of asthma exacerbations in children’. 41-78% of adult asthmatic exacerbation was
associated with virus presence®'. Influenza virus infection also can induce asthma attacks
in adults, with higher frequency than in children®'.

Living in urban area (PI), with respect to living in a rural area (PD), showed an
inverse significant association with REMIT (OR 0.46). This result can be explained by the
strong scientific evidences showing that urban living, characterized by more elevated
levels of air pollutants concentration than rural environment, is an important risk factor for

2223 .o .
2. Moreover, the current data are in line with our

asthma onset and exacerbations
previous observation showing that urban living (PI), with respect to rural living (PD), was
associated with higher bronchial hyper-responsiveness (an important clinical characteristic
of active asthma)**.

Even if with borderline values, exposure to gas/dusts/fumes at work seems to
influence REMIT, confirming that occupational exposures could be an important risk
factors for a more uncontrolled and symptomatic asthma®.

Asthma symptoms persistence ("underdiagnosis")

We classified subjects with underdiagnosed asthma if they reported persistence of
asthma symptoms at follow-up without a reported physician diagnosis of asthma across the
surveys (Sx-PERS). Underdiagnosis of asthma is common in adults and it has been related
to reduced perception or under reported symptoms and to the difficulty in differentiating
this condition from other comorbidities like COPD, angina pectoris and heart trouble'**°.

Our study showed about 17% of asthma underdiagnosis, a value in line with a UK
study (22%)*", but lower than that of other studies: a Colombian study on adult subjects
showed that about 65% of subjects with wheezing had not physician-diagnosed asthma'’; a
Dutch study showed that 66% of patients did not present bronchial symptoms to their GP,

even if in presence of decreased lung function, so they remained unknown and
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undiagnosed and 23% of patients with respiratory problems and reduced lung function
were not always recognised as such'.

In our study a strong relationship was found with current smoking and second-hand
smoke (OR 2.33 and OR 2.16, respectively). Published evidences about the relationship
between asthma underdiagnosis and second-hand smoke exposure regard children samples:
a French study reported that undiagnosed asthmatic children were more exposed to
maternal smoking with respect to diagnosed ones (36.0% vs 30.0%)*; furthermore, Danish
and US studies showed that second-hand smoking was a risk factor for asthma
underdiagnosis (OR 2.39, 1.16-4.92 and OR 1.59, 95% CI 1.50-1.70, respectively)™-".

UK and USA studies confirmed that smoking habit was as significant independent
risk factor for undiagnosed wheeze (OR 2.54, 1.19-5.41 and OR 2.60, 95% CI 2.43-
2.79)**°. In a recent paper about the same UK sample, a cluster analysis was used to
define clinically relevant young adult wheeze clusters and 19.4% of subjects were

identified as '"undiagnosed-wheezers"; personal smoking habits showed the highest
prevalence (74.6%) in this cluster with respect to the other ones’'. A possible explanation
of the relationship between Sx-PERS and smoke is that respiratory symptoms like wheeze
or breathlessness could be miss-interpreted as due to smoking, rather than to asthmatic
condition, thus not reported to the physician. In the other hand, asthma-like symptoms are
common also in subjects with COPD, which is often smoke-related, making difficult to
disentangle the relationship between smoking and asthma-like symptoms. However, the
result of the multinomial regression showed an influence of current smoking on symptoms
persistence and not of COPD.

With regard to comorbidities, our study showed that allergic rhinitis was inversely
associated with asthma underdiagnosis (OR 0.34), as found in the quoted French study
(undiagnosed asthmatic children had a higher prevalence of AR with respect to diagnosed
ones 66.9% vs 54.4%)*; on the contrary, presence of obstructive sleep apnoea was a risk
factor for underdiagnosis (OR 2.02). These findings highlighted the possible influence of
asthma comorbidities on asthma management. On one side, the co-presence of diseases
strictly related to asthma, like allergic rhinitis, can facilitate the asthma diagnosis, both by
promoting contact with a doctor and by increasing doctor awareness toward diagnosis™".
Indeed, the international guidelines for allergic rhinitis management (the Allergic Rhinitis
and its Impact on Asthma initiative) recommend to consider the presence of asthma in all

patients with rhinitis. On the other side, the co-presence of other diseases with similar

115



clinical manifestations, like the obstructive sleep apnoea, could lead to not recognizing or
to mis-interpreting asthma symptoms>.
Limitations and strengths

A limitation of this study is the use of questionnaire for collecting data on
respiratory symptoms/diseases, potentially affected by a reporting bias, as it relies upon
individual memory; nevertheless, the standardized questionnaire is one of the main
investigation tool in respiratory epidemiology’”.

As regards the definition of asthma remission, it was based on absence of
symptoms and of drugs consumption in the last 12 months. This period might seem too
short to identify the occurrence of asthma remission, determining an overestimation of its

%% and a longer period

proportion. However, other investigators used the same time frame
could raise the problem of recall bias. One year without symptoms has been accepted as a
minimum period, given the frequent seasonal variability of asthma™,

A strength of our study is to have applied, over a 30-year follow-up, the same study
design, sampling frame and study protocol in subjects living in two different Italian
Regions. In all the surveys, questions were derived from validated international
questionnaires, which already had passed the scrutiny of independent reviewers.

At last, the added value of our study is to have analyzed two general population

samples with a large age range from childhood to the elderly, adding new evidences about

risk factors associated with asthma remission and underdiagnosis in general population.

Conclusion

Asthma remission and underdiagnosis showed associations with different risk
factors: REMIT was lower in subjects living in an urban area and in those with asthma
comorbidities; Sx-PERS was higher in subjects exposed to active and second hand smoke,
with sleep apnoea and lower in those with allergic rhinitis. Such information could be
useful to affected patients and health care providers for prevention and management

strategies.
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Table 1. Descriptive characteristics of the subjects (n=668)

Gender (%):

males 45.7
females 54.3
Age (mean+SD) (yrs) 57.8+16.3
Age range (yrs) 20-91
Age groups (%):

<46 yrs 29.2
47-65 yrs 34.3
>65 yrs 36.5
Educational level (%):
elementary/medium high school | 51.8
high school 32.1
university 16.1
Area of residence (%):

PI 71.9
PD 28.1
BMI (Kg/m®) groups (%):
underweight/normal weight 49.2
overweight 353
obese 15.5
Smoking habits (%):

smokers 19.3
ex-smokers 37.2
non smokers 43.5
Second hand smoke exposure (%) | 16.7
Traffic exposure at home (%) 51.8
Occupational exposure (%) 39.1

PI: Pisa urban area; PD: Po Delta rural area

Table 2. Longitudinal changes in asthma symptoms/diagnosis from PD and PI
previous surveys to AGAVE survey by descriptive characteristics

Remittent Persistent Persistent | p-value
(REMIT) | symptomatic asthmatic
(n=351) (Sx-PERS) | (DSx-PERS)
(n=115) (n=202)
Sex: 0.022
males (n=305) 56.1 19.0 24.9
females (n=363) 49.6 15.7 34.7
Residence: 0.000
PI (n=480) 47.9 17.1 35.0
PD (n=188) 64.4 17.6 18.0
Educational level: 0.011
elementary/medium high 49.7 21.8 28.5
school (n=344)
high school (n=213) 57.3 14.1 28.6
university (n=107) 53.3 9.3 37.4
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Age (mean+SD) (n=688) 57.9+15.8 | 63.0+15.4 54.6+16.8 0.000
Age groups: 0.000
<=46 yrs (n=195) 49.7 9.7 40.6

47-65 yrs (n=229) 54.6 17.9 27.5

>65 yrs (n=244) 52.9 22.5 24.6

BMI (Kg/m®) groups: 0.124
under/normal weight (n=328) | 54.6 14.0 314

over weight (n=235) 53.2 18.7 28.1

obese (n=103) 44.7 24.3 31.0

Age at asthma diagnosis™ 0.000
(mean+SD) 13.5+13.9 | - 26.1+21.3

(n=216)

Age groups at asthma 0.002
diagnosis *: -

<12 yrs (n=88) 39.8 60.2

12-40 yrs (n=82) 25.6 74.4

>40 yrs (n=46) 11.1 88.9

Age at first asthma 0.000
symptoms* (mean+SD) 12.8+13.8 | --- 24.5+20.9

(n=227)

Age groups at first asthma 0.003
symptoms *: -

<12 yrs (n=97) 39.2 60.8

12-40 yrs (n=88) 23.9 76.1

>40 yrs (n=42) 12.2 87.8

* performed only on subjects reporting lifetime asthma diagnosis
PI: Pisa urban area; PD: Po Delta rural area

Table 3. Longitudinal changes in asthma symptoms/diagnosis from PD and PI
previous surveys to AGAVE survey by risk factors exposure and current

comorbidities
Remittent Persistent Persistent | p-value
(REMIT) | symptomatic asthmatic
(n=351) (Sx-PERS) | (DSx-PERS)
(n=115) (n=202)
Smoking habits: 0.001
Smokers (n=129) 44.2 28.7 27.1
ex smokers (n=248) 55.2 17.0 27.8
no smokers (n=290) 53.8 124 33.8
Occupational exposure: 0.002
yes (n=246) 43.1 20.7 36.2
no (n=383) 57.7 15.7 26.6
Vehicular traffic exposure: 0.062
yes (n=345) 48.7 17.1 34.2
no (n=321) 56.7 17.1 26.2
Second hand smoke 0.000
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cxposure:

yes (n=110) 35.5 29.0 35.5

no (n=547) 55.6 15.0 29.4

Recurrent respiratory 0.000
infections:

yes (n=82) 24.4 19.5 56.1

no (n=569) 56.4 17.0 26.6

Chronic sinusitis: 0.071
yes (n=75) 40.0 22.7 37.3

no (n=589) 54.0 16.5 29.5

Obstructive sleep apnoea: 0.000
yes (n=81) 30.9 34.6 34.5

no (n=582) 55.7 14.8 29.5

Allergic rhinitis: 0.000
yes (n=252) 36.5 14.3 49.2

no (n=415) 62.4 18.8 18.8

COPD: 0.000
yes (n=71) 28.2 23.9 47.9

no (n=591) 55.5 16.1 28.4
Depression/anxiety: 0.001
yes (n=181) 42.0 17.7 40.3

no (n=480) 56.7 16.9 26.4

Diabetes: 0.024
yes (n=44) 45.5 31.8 22.7

no (n=616) 53.2 16.0 30.8

COPD: chronic obstructive pulmonary disease
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Figure 1. Study population selection flow chart
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Figure 2. Longitudinal changes in asthma symptoms/diagnosis from previous surveys
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REMIT: remittent; Sx-PERS: persistent symptomatic; DSx-PERS: persistent asthmatic.
*AGAVE selection criteria: subjects reporting asthma diagnosis or asthma symptoms

(asthma attacks or wheezing) in at least one of the previous epidemiological surveys (PD
and PI).

Figure 3. Longitudinal changes in asthma symptoms/diagnosis from PD/PI previous

surveys to AGAVE survey (%)

OREMIT
O Sx-PERS

H ADs-PERS

REMITIT: remittent, subjects reporting no more current asthma symptoms & diagnosis
and no current use of asthma drugs in AGAVE survey; Sx-PERS: persistent symptomatic,
subjects reporting only current asthma symptoms in both PD and PI previous and AGAVE
surveys; ADs-PERS: persistent asthmatic, subjects reporting current asthma diagnosis in

both PD and PI previous and AGAVE surveys.
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Figure 4. Risk factors for longitudinal changes in asthma symptoms/diagnosis:
significant results of multinomial regression analysis (OR, 95%CI) for REMIT (a)

and Sx-PERS (b)
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Abstract

Background: COPD underdiagnosis and remission data from longitudinal epidemiological
studies are scanty.

Aim: assessing risk factors for COPD underdiagnosis and remission.

Methods: a general population sample participated in 3 cross-sectional surveys carried out
in Central Italy (Pisa) in 1985-88 (n=3865), 1991-93 (n=2841), 2009-11 (n=1620).

All subjects filled in a standardized questionnaire about health status and risk factors.

The subsample of subjects reporting COPD diagnosis or symptoms (usual cough or usual
phlegm) in the previous PI1/PI2 surveys were selected.

Subjects were classified according to the presence/absence of COPD symptoms/diagnosis
in PI3 survey as: remittent (REMIT), subjects reporting COPD symptoms (usual cough or
usual phlegm) or diagnosis in at least one of the previous surveys and not reporting current
COPD symptoms & diagnosis in PI3 survey; persistent symptomatic (Sx-PERS), subjects
reporting only current COPD symptoms (without physician diagnosis) in both previous
surveys and PI3 survey (a condition interpreted as COPD “underdiagnosis™); persistent
COPD (CDs-PERS), subjects reporting current COPD in both previous surveys and PI3
survey.

Results: 257 subjects were analyzed: 39.6% REMIT, 30.4% Sx-PERS, 30.0% CDs-PERS.
The multinomial logistic regression analysis (Sx-PERS, reference category) showed a
significant inverse association between REMIT and smokers (OR 0.25), living within 75m
from main roads (OR 0.39) and asthma (OR 0.18). Sx-PERS showed a significant inverse
association with current smoking habits (OR 0.324), ex-smokers (OR 0.21), living within
75m from main roads (OR 0.39) and comorbidites (OR 0.28 for heart failure and OR 0.16
for asthma).

Conclusions: COPD remission and underdiagnosis showed associations with different risk
factors; such information could help affected patients and health care providers in

prevention and management strategies.
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Introduction

In the last decades, nevertheless effective pharmacological treatments and
management strategies have been developed, chronic respiratory diseases remain treatable
but not curable diseases. Thus, much effort was put into studying the risk factors associated
with their inception and progression, since understanding these factors represents the first
necessary step for developing effective prevention strategies [1].

From a clinical standpoint, to elucidate the COPD natural history and long term
outcomes is not an issue of secondary importance.

COPD has been described by the WHO GOLD guidelines as a disease
characterized by airflow limitation that is not fully reversible [2], but remission of COPD
symptoms (chronic cough and chronic phlegm) is possible; nevertheless, few studies have
examined the remission of respiratory symptoms in general population cohorts and the
associated factors [3].

Another problem related to COPD is its underdiagnosis even if the first
international guidelines were published since ‘90s [2]. Most patients, in particular elderly,
don't report their symptoms to the general practitioner (GP) because they don't recognize
them or are suffering from other comorbidities with similar clinical manifestations like
heart failure; thus, they remain unknown and undiagnosed. On the other side, patients who
do present with respiratory problems and who have reduced lung function are not always
recognized as such or they are underestimated [4-6].

This manuscript has the aim to assess the risk factors associated with COPD
underdiagnosis and remission in a general population sample assessed during a 25-yr

follow-up.

Materials and methods

Detailed information on population characteristics and methods were previously
published [7-9].

In 1985-1988, a general population sample of 3865 subjects (84% of the invited
subjects) living in the urban and suburban area of Pisa, Central Italy, was investigated
within the first Pisa survey (PI1) with the aim to assess the COPD natural history and the
related risk factors. The sample was enrolled through a randomized, stratified, family

cluster design, similar to the one previously used in the Po Delta Survey [8].
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A second cross-sectional survey (PI2) was carried out in 1991-1993. Beside those
participating in PI1, new subjects were recruited: newborns, new spouses and subjects not
available in PI1. There were 433 subjects lost to follow-up (dead or moved). Overall, 2841
subjects (69% of the invited subjects) were investigated. 2257 subjects participated in both
PI1 and PI2 surveys, corresponding to a longitudinal participation rate of 58% (66% if
those lost to follow-up were excluded from the computation) with a mean follow-up of 6
years.

A third cross-sectional survey (PI3) was carried out in 2009-2011 within the
European IMCA2 (Indicators for Monitoring COPD and Asthma in the EU) project.
Beside those participating in PI1 and/or PI2, new subjects were recruited: newborns, new
spouses and subjects not available in PI1 and/or PI2. There were 1201 subjects lost to
follow-up (dead or moved). Overall, 1620 subjects (69% of invited) were investigated.
1107 subjects participated in both PI2 and PI3 surveys, corresponding to a longitudinal
participation rate of 39% (68% excluding lost to follow-up) with a mean follow-up of 18
years.

The same study protocol was used in PI1 and PI2. Information on respiratory
symptoms/diseases and risk factors were obtained through a standardized interviewer-
administered questionnaire developed by the National Research Council [10]. As regards
PI3, an interviewer-administered questionnaire on respiratory symptoms/diseases and risk
factors was designed using questions from previously validated questionnaires [9].

Italian law didn’t request the approval of Ethical Committee at the time of PI1/P12.
The protocol was approved by an Internal Revision Board within the Preventive Medicine
Targeted Project of the Italian CNR. PI3 study protocol, patient information sheet and
consent form were approved by the ethics committee of the Pisa University Hospital
(Azienda Ospedaliero-Universitaria Pisana, Prot. no. 23887, April 16, 2008).

Statistical analyses

The subsample of subjects reporting COPD diagnosis or symptoms (usual cough or
usual phlegm) in the previous PI11/PI2 surveys were selected.

Subjects were classified according to the presence/absence of COPD
symptoms/diagnosis in PI3 survey, as: remittent (REMIT), subjects reporting COPD
symptoms (usual cough or usual phlegm) or diagnosis in at least one of the previous
surveys and not reporting current COPD symptoms & diagnosis in PI3 survey; persistent
symptomatic (Sx-PERS), subjects reporting only current COPD symptoms (without
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lifetime physician diagnosis) in both previous surveys and PI3 survey (a condition
interpreted as COPD “underdiagnosis”); persistent COPD (CDs-PERS), subjects reporting
current COPD (with lifetime physician diagnosis) in both previous surveys and PI3 survey.

One-way analysis of variance was used for comparing continuous variables among
different groups of patients, while categorical variables were evaluated by chi-square test.

A post-hoc analysis was run to assess the source of statistically significant result in
case of contingency table larger than a 2 x 2, using adjusted standardized residual [11-12].

A multinomial logistic regression analysis, taking as dependent variable the
longitudinal changes in COPD symptoms/diagnosis (reference category: CDs-PERS), and
as explanatory variables age (< 65 yrs, > 65 yrs), sex (males, females), educational level
(0-8 yrs, 8-13 yrs, > 13 yrs), area of residence (urban, suburban), occupational exposure to
gases/fumes/dusts (yes, no), smoking habits (smokers, ex-smokers, non smokers),
vehicular traffic exposure according to home distance from roads (highly exposed,
moderately exposed, non exposed) and COPD comorbidities (heart failure (yes, no) and
asthma (yes, no)) assessed during PI3 survey, was run.

As regards home distance from roads, it was computed using the GIS
(Geographical Information System) technology (ArcMap 8.2). GIS permits to identify the
exact position of the home residence addresses on the ground using the geographical
coordinates (geocoding) and to compute the home distance from the roads. For the subjects
geocoding, cartographic data provided by the GIS Service of Pisa and Cascina
municipalities was used: buildings, streets, topography, population addresses, and house
numbers [13]. In particular, subjects were considered as: highly exposed, if living within
<75 m from roads; moderately exposed, if living within 75-150 from main roads OR 0-
100m from secondary roads; non exposed, if living > 150m from main roads OR > 100m
from secondary roads.

Statistical analyses were performed using the Statistical Package for the Social
Sciences (SPSS), rel 17.0. A p-value <0.05 was considered statistically significant, a

0.05<p-value<0.10 was considered as borderline value.

Results
General characteristics

Two hundred and fifty seven subjects reporting COPD diagnosis or COPD
symptoms (usual cough or usual phlegm) in the PI previous surveys were analyzed.
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The majority were males (52.9%) and the mean age was 66.3 years. Educational
level was middle-low with only 8.2% with an academic degree. 54.9% of the sample lived
in suburban area and 43.2% had a COPD family history (table 1).

42.4% were ex-smokers, while 22.2% current smokers. 58.6% lived within 75m
from roads (i.e. highly exposed to traffic) and 56.0% were exposed to fumes/gases/dusts at
work (table 2). About 30% reported cardiovascular risk factors (37% hypertension and
30.0% hypercholesterolemia), 20.6% anxiety and depression, 11.7% asthma, 8.9% heart
failure and 8.6% diabetes (table 2).

Longitudinal COPD status

39.6% of subjects were remittent (REMIT), 30.4% persistent symptomatic (Sx-
PERS) and 30.0% persistent COPD (CDs-PERS) (figure 1).

REMIT frequency was significantly lower in older age (= 65 yrs) with respect to
younger age (< 65 yrs) (28.8% vs 57.7%) and in subjects living in a urban area with
respect to suburban one (31.0% vs 46.8%); CDs-PERS was significantly higher in males
with respect to females (36.8% vs 22.3%) and in older age with respect to younger age
(36.9% vs 18.6%) (table 3).

Table 4 shows the relationship between longitudinal COPD status and risk factors
exposure, current comorbidities.

REMIT was significantly lower in subjects with occupational exposure (32.6% vs
48.7%); Sx-PERS was significantly lower in ex-smokers with respect to smokers and non
smokers (18.3% vs 33.3% and 42.9%); on the contrary, CDs-PERS was significantly more
elevated in ex smokers with respect to smokers and non smokers (39.4% vs 29.8% and
18.7%) (table 4).

As regards current comorbidities, only heart failure showed significant relationship
with longitudinal COPD status: a higher frequency of CDs-PERS was found in subjects
with heart failure (60.9% vs 26.9%) (table 4).

The results of the multinomial logistic regression analysis, taking into account
CDs-PERS as reference category, were shown in figure 2. An inverse significant
association was found between REMIT and smokers (OR 0.25, 95% CI 0.08-0.72), living
within 75m from main roads (OR 0.39, 95% CI 0.16-0.95) and asthma (OR 0.18, 95% CI
0.06-0.57) (figure 2).

Sx-PERS showed a significant inverse association with current smoking habits (OR
0.32, 95% CI 0.12-0.89), ex-smokers (OR 0.21, 95% CI 0.09-0.52), living within 75m
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from main roads (OR 0.39, 95% CI 0.16-0.96) and comorbidites (OR 0.28, 95% CI 0.08-
0.99 for heart failure; OR 0.16, 95% CI 0.05-0.55 for asthma) (figure 2).

Discussion

These results showed 39.6% of COPD symptoms/diagnosis remission and 30.4% of
COPD symptoms (usual cough or usual phlegm) persistence without receiving COPD
diagnosis (a clue for underdiagnosis) in general population samples assessed during a 25-yr
follow-up.

COPD remitted less in current smokers and ex-smokers, in subjects living exposed
to vehicular traffic and in those with COPD comorbidities. COPD “underdiagnosis” was
lower in current smokers, in those living exposed to vehicular traffic and in subjects with
asthma.

COPD remission

COPD has been described by the WHO GOLD guidelines as a disease
characterized by airflow limitation that is not fully reversible [2], but remission of COPD
symptoms (chronic cough and chronic phlegm) is possible; nevertheless, few past studies
have examined the remission of respiratory symptoms in general population cohorts and
the associated risk factors [3].

These data showed about 40% of COPD symptoms/diagnosis remission (of which
85% symptoms remission), a value in line with a Norwegian 11-yr community cohort
(1985-1996/1997) showing a cumulative remission that varied from 42.3% of morning
cough to 58.4% of chronic cough [3]. A more recent US multicenter study showed 9% of
CB remission at 5-yr follow-up [14].

Smoking habits reduced significantly the probability of REMIT (OR 0.25). This
result can be explained by the strong scientific evidences showing that smoking habits is
the main risk factor associated to COPD onset and exacerbations [15-16]. On the other
hand, scientific evidences showed a beneficial effect of smoking cessation on the remission
of cough and phlegm [3] and of CB diagnosis [14].

Living near main road (<75 m), with respect to living far, reduced the probability of
REMIT (OR 0.39). This result can be explained by the strong scientific evidences showing
that exposure to vehicular traffic is an important risk factor for COPD onset and
exacerbations [17-18] and living near traffic roads (<100m) is associated with an increased
risk of having COPD in males (OR 1.80) [13] and in general population (OR 1.64) [19].
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REMIT was lower in subjects with COPD comorbidities (OR 0.18 for asthma).
COPD often coexists with other diseases that may have a significant impact on prognosis.
Some comorbidities arise independently of COPD, some others have common risk factors,
other can increase the risk of COPD developing or worsening the COPD severity. Past and
recent evidences highlighted an association between BHR (an important clinical
characteristic of active asthma) and risk of COPD: in a 24-yr follow-up Dutch cohort was
found a significantly lower risk of asthma/COPD symptoms remission (OR 0.42) in
subjects with BHR [20]; on the other side, European cohorts showed a higher risk of
developing COPD in subjects with BHR ranging from incident rate ratios (IRR) of 3.41 to
IRR of 8.91 at a mean 9-yr follow-up [21].

COPD "underdiagnosis"

Subjects were considered as having underdiagnosed COPD if they reported
persistence of COPD symptoms at follow-up without a reported physician diagnosis of
COPD across the surveys. COPD symptoms may precede the development of airflow
limitation by many years. GPs play a crucial role in detecting and managing COPD, since
they manage the vast majority of patients in the early stages. However, the diagnosis of
COPD by GPs is not always consistent to GOLD guidelines in daily clinical practice,
mainly because of underuse of spirometry. As a result, COPD is a disease that is largely
underestimated and underdiagnosed [4-5].

These results showed about 30% of COPD underdiagnosis, a value in line with a
Sweden study on adult general population (about 25%) [22], but lower than that of a Greek
study (53%) [23] and higher than that of a French study (ranging from 10% to 16%) [24]
and a Canadian study (14%) [25] on adult general population. These differences can be due
to different criteria used to define COPD and different period of follow-up.

These data showed that being smokers, living exposed to vehicular traffic and
having asthma reduced the risk of COPD underdiagnosis.

A possible explanation of these results is that exposure to well know COPD risk
factors and the presence of COPD comorbidities could increase the physician awareness of
patients' symptoms and, thus, the possibility of a correct disease diagnosis.

Smoking habits and living near main roads (<75 m) showed an inverse significant
association with Sx-PERS (OR 0.32 for current smokers, OR 0.21 for ex-smokers and OR
0.39 living near main roads). Strong scientific evidences showing that smoking habits and
exposure to air pollution are the main risk factors associated to COPD onset and
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exacerbations [2,15-18]. GOLD guidelines for the management of COPD highlight the
relationship between COPD and these two risk factors and advocate active case finding
like performing spirometry in patients with symptoms and/or risk factors exposure [2].
Thus, the exposure to well-know COPD risk factors can reduce the possibility of
underdiagnosis.

As above reported, COPD often coexists with other diseases that may have a
significant impact on prognosis. In patients with COPD and heart failure, an exacerbation
of heart failure may be accompanied by worsening of COPD and vice versa [2].

Asthma and COPD were recognized as distinct disease entities. However, this
concept was re-evaluated as many epidemiological studies showed that asthma and COPD
may coexist, or at least one condition may evolve into the other. This state is described as
Asthma and COPD Overlap Syndrome (ACOS). It is a syndrome in which older adults
with a significant smoking history have simultaneously features of asthma and COPD [26].
Therefore, a diagnosis of asthma, in addition to bronchitic symptoms (usual
cough/phlegm), could facilitate the COPD diagnosis by physician and reduce the risk of
underdiagnosis.

Limitations and strengths

A limitation of this study is the use of questionnaire for collecting data on
respiratory symptoms/diseases, potentially affected by a reporting bias, as it relies upon
individual memory; nevertheless, the standardized questionnaire is one of the main
investigation tool in respiratory epidemiology [27].

The definition of COPD remission was based on absence of current symptoms and
diagnosis after a period of at least 18 years from baseline; this timeframe is sufficiently
long to be confident in an actual disease/symptoms remission. On the other side, under-
reporting is more likely than over-reporting in a general population, determining a possible
overestimation of cumulative remission rates [3].

A strength of our study is to have applied, over a 25-year follow-up, the same study
design, sampling frame and study protocol. In all the surveys, questions were derived from
validated international questionnaires, which already had passed the scrutiny of
independent reviewers.

At last, the added value of our study is to have analyzed two general population
samples with a large age range from childhood to the elderly, adding new evidences about
risk factors associated with COPD remission and underdiagnosis in general population.
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Conclusion

COPD remission and underdiagnosis showed associations with different risk
factors: REMIT was lower in smokers, in subjects living near main roads and in those with
asthma); Sx-PERS was lower in smokers and ex-smokers, in subjects living near main
roads and in those with asthma and heart failures. Such information could be useful to

affected patients and health care providers for prevention and management strategies.
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Table 1. PI3 descriptive characteristics of subjects with previous bronchitic
symptom/diagnosis (n=257) (%)

Gender:

males 52.9
females 47.1
Age (meantSD) (yrs) 66.3+14.4
Age range (yrs) 29-96
Age groups:

<65 yrs 37.7
> 65 yrs 62.3
BMI (Kg/m”) groups:

obese 335
overweight 42.5
underweight/normal weight 24.0
Educational level:

0-8 yrs 70.4
8-13 yrs 214
> 13 yrs 8.2
Area of residence:

urban 45.1
suburban 54.9
Family history of COPD 43.2

COPD: chronic obstructive pulmonary disease.
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Table 2. PI3 risk factors exposure and comorbidities in subjects with previous
bronchitic symptom/diagnosis (%)

Smoking habits:

smokers 22.2
ex-smokers 42.4
non smokers 35.4
Occupational exposure 56.0
Vehicular traffic exposure 63.0
Distance from roads:

<75 m 35.6
75-150 from main roads OR 0- 23.0
100m from secondary roads

> 150m from main roads OR > 41.4
100m from secondary roads

Heart failure 8.9
Diabetes 8.6
Hypertension 37.0
Hypercholesterolemia 30.0
Depression/anxiety 20.6
Asthma 11.7

Table 3. Longitudinal changes in COPD symptoms/diagnosis from PI1/PI2 surveys to
PI3 survey by PI3 descriptive characteristics

Remittent Persistent Persistent | p-value
(REMIT) | symptomatic COPD
(n=102) (Sx-PERS) | (CDs-PERS)
(n=78) (n=77)

Gender: 0.038
males 36.8 26.5 36.8
females 43.0 34.7 22.3
Age groups: 0.000
> 65 yrs 28.8 34.4 36.9
<65 yrs 57.7 23.7 18.6
BMI (Kg/m®) groups: 0.069
obese 30.0 30.0 40.0
overweight 25.0 39.5 355
underweight/normal weight 46.5 34.9 18.6
Educational level: 0.093
0-8 yrs 34.3 33.7 32.0
8-13 yrs 50.9 23.6 25.5
> 13 yrs 57.1 19.0 23.8
Area of residence: 0.036
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urban 31.0 34.5 34.5
suburban 46.8 27.0 26.2
Family history of COPD: 0.179
yes 36.0 27.9 36.0
no 42.5 32.2 25.3

SD: standard deviation; COPD: chronic obstructive pulmonary disease.
in italic: borderline values; in bold: statistically significant values.

Table 4. Longitudinal changes in COPD symptoms/diagnosis from PI1/PI2 surveys to
PI3 survey by PI3 risk factors exposure and comorbidities (%)

Remittent Persistent Persistent p-value
(REMIT) | symptomatic COPD
(n=102) (Sx-PERS) | (CDs-PERS)
(n=78) (n=77)
Smoking habits: 0.002
smokers 36.8 333 29.8
ex-smokers 42.2 18.3 394
non smokers 38.5 42.9 18.7
Occupational exposure: 0.032
yes 32.6 333 34.0
no 48.7 26.5 24.8
Vehicular traffic exposure: 0.873
yes 38.9 31.5 29.6
no 41.1 28.4 30.5
Distance from road: 0.060
<75m 32.9 29.4 37.6
75-150 from main roads 29.1 30.9 40.0
OR 0-100m from
secondary roads
> 150m from main roads 45.5 33.3 21.2
OR > 100m from
secondary roads
Heart failure: 0.003
yes 21.7 17.4 60.9
no 41.5 31.6 26.9
Diabetes: 0.251
yes 31.8 22.7 45.5
no 40.4 31.1 28.5
Hypertension: 0.208
yes 32.6 33.7 33.7
no 43.8 28.4 27.8
Hypercholesterolemia: 0.100
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yes 29.9 33.8 36.4
no 43.9 28.9 27.2
Depression/anxiety: 0.404
yes 34.0 37.7 28.3
no 41.2 28.4 30.4
Asthma: 0.104
yes 30.0 233 46.7
no 41.0 31.3 27.8

in italic: borderline values; in bold: statistically significant values.

Figure 1. Longitudinal changes in COPD symptoms/diagnosis from PI1/PI2 surveys

to P13 survey (%)

OREMIT

O Sx-PERS

H CDs-PERS

REMIT: remittent, subjects reporting no more COPD symptoms or diagnosis; Sx-PERS:

persistent symptomatic, subjects reporting only current COPD symptoms (without

physician diagnosis) in both previous surveys and PI3 survey; CDs-PERS: persistent

COPD, subjects reporting current COPD in both previous surveys and PI3 survey.
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Figure 2. Risk factors for longitudinal changes in COPD symptoms/diagnosis:
significant results of multinomial regression analysis (OR, 95%CI) for REM (a) and
CPERS (b)

Reference category: CPERS (Persistent COPD)

Adjusted for sex, age, educational level, occupational exposure, area of residence
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Abstract

Background: increasing prevalence of multimorbidity (multiple medical conditions within
a single subject) is now a global phenomenon and it is expected to continue rising; most of
the evidence on multimorbidity came from cross-sectional studies and longitudinal studies
are limited.

Aim: assessing temporal changes in respiratory multimorbidity and related risk factors.
Methods: a general population sample participated in 3 cross-sectional surveys carried out
in Central Italy (Pisa) in 1985-88 (n=3865), 1991-93 (n=2841), 2009-11 (n=1620).

All subjects filled in a standardized questionnaire about health status and risk factors.
Multimorbidity of asthma, allergic rhinitis and COPD symptoms/diagnosis was assessed in
the longitudinal sample participating in PI1, PI2 and PI3 survey (n=849).

Longitudinal changes in mutimorbidity were computed only in subjects participating in
both PI2 and PI3 for sample size reasons (n=1107): “Never/reduced number of
conditions”, “Persistent number of conditions”, “Increased number of conditions from 0 to
1 or more”, “Increased number of conditions from 1/2 to more”.

Results: the following results were found: 48.4% “Never/reduced number of conditions”,
11.7% “Persistent number of conditions”, 29.4% “Increased number of conditions from 0
to 1 or more” and 10.5% “Increased number of conditions from 1/2 to more”.

The multinomial logistic regression analysis showed a significantly higher risk of
persistent multimorbidity in persistent smokers and in subjects with persistent and
remittent occupational exposure. A significantly higher risk of multimorbidity increase was
found in subjects with incident and persistent occupational exposure and in subjects living
exposed to incident and persistent vehicular traffic exposure; moreover, persistent smokers
were related to a significantly higher risk of multimorbidity increase if already suffering
from respiratory diseases.

Conclusions: This study showed a significant increase in the prevalence of multimorbidity
in a longitudinal general population sample and it added new scientific evidences about

associated longitudinal risk factors.
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Introduction

Multimorbidity denotes multiple medical conditions within a single patient.
Multimorbidity is distinct from comorbidity because there is no primary or index
condition. Nowadays, there is no a standard definition and this fact has led to wide
discrepancies in prevalence estimate (ranging from 13% to 72% in the general population)
[1].

A study of 28 countries using the World Health Survey showed that the increasing
prevalence of multiple chronic conditions is now a global phenomenon [2] and it is
expected to continue rising [3]. Indeed, the lifespan of population is increasing because of
improvements in public health measures and the significant success of modern medicine
and technology. However, although populations are living longer, they are not necessarily
living disease-free for a longer period [4].

Evidence from high-income countries suggested that multimorbidity is highly
prevalent in older populations (over 65 years of age), but it also affects younger people. As
such, multimorbidity from chronic conditions is now widespread, with at least 50 million
people affected in the European Union alone [3,5].

Most of the evidence on multimorbidity came from cross-sectional studies and
longitudinal studies are limited [3], even if there are some findings highlighting that the
prevalence of some types of multimorbidity increased over time [6].

The main risk factors for multimorbidity increase is the ageing population but also
by factors such as high body-mass index, urbanization and the growing burden of non
communicable diseases. Few data are available about modifiable factors that predict the
risk of different types of multimorbidity [1]: it remains unknown whether there are
biological, environmental or behavioral factors. The identification of any such factors, and
the assessment of the likelihood of causality, requires data from prospective observational
studies [3].

The aim of this article is to assess the temporal changes in respiratory
multimorbidity and related risk factors in a longitudinal general population sample.
Materials and methods
Materials

Detailed information on population characteristics and methods were previously

published [7-9].

148



In 1985-1988, a general population sample of 3865 subjects (84% of the invited
subjects) living in the urban and suburban area of Pisa, Central Italy, was investigated
within the first Pisa survey (PI1) with the aim to assess the COPD natural history and the
related risk factors. The sample was enrolled through a randomized, stratified, family
cluster design, similar to the one previously used in the Po Delta Survey [8].

A second cross-sectional survey (PI2) was carried out in 1991-1993. Beside those
participating in PI1, new subjects were recruited: newborns, new spouses and subjects not
available in PI1. There were 433 subjects lost to follow-up (dead or moved). Overall, 2841
subjects (69% of the invited subjects) were investigated. 2257 subjects participated in both
PI1 and PI2 surveys, corresponding to a longitudinal participation rate of 58% (66% if
those lost to follow-up were excluded from the computation) with a mean follow-up of 6
years.

A third cross-sectional survey (PI3) was carried out in 2009-2011 within the
European IMCA2 (Indicators for Monitoring COPD and Asthma in the EU) project.
Beside those participating in PI1 and/or PI2, new subjects were recruited: newborns, new
spouses and subjects not available in PI1 and/or PI2. There were 1201 subjects lost to
follow-up (dead or moved). Overall, 1620 subjects (69% of invited) were investigated.
1107 subjects participated in both PI2 and PI3 surveys, corresponding to a longitudinal
participation rate of 39% (68% excluding lost to follow-up) with a mean follow-up of 18
years.

The same study protocol was used in PI1 and PI2. Information on respiratory
symptoms/diseases and risk factors were obtained through a standardized interviewer-
administered questionnaire developed by the National Research Council [10]. As regards
PI3, an interviewer-administered questionnaire on respiratory symptoms/diseases and risk
factors was designed using questions from previously validated questionnaires [9].

Italian law didn’t request the approval of Ethical Committee at the time of PI1/PI2.
The protocol was approved by an Internal Revision Board within the Preventive Medicine
Targeted Project of the Italian CNR. PI3 study protocol, patient information sheet and
consent form were approved by the ethics committee of the Pisa University Hospital
(Azienda Ospedaliero-Universitaria Pisana, Prot. no. 23887, April 16, 2008).

Outcome computation
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Multimorbidity (multiple medical conditions within a single subject) of asthma,
allergic rhinitis (AR) and COPD symptoms/diagnosis was assessed in the longitudinal
sample participating in P11, PI2 and PI3 survey (n=849) (Figure 1).

Longitudinal changes were assessed only in subjects participating in both PI2 and
PI3 for sample size reasons (n=1107). In particular, changes in the number of medical
conditions within a single subject were computed (mutually exclusive categories):
“Never/reduced number of conditions”, never asthma or AR or COPD or reduction in the
number of medical conditions (i.e. from 1 to 0 condition; from 2 to 1 condition; from 3 to
2/1 conditions); “Persistent number of conditions”; “Increased number of conditions from
0 to 1 or more” (i.e. from 0 to 1/2/3 conditions); “Increased number of conditions from 1/2
to more” (i.e. from 1 to 2/3 conditions; from 2 to 3 conditions).

Longitudinal risk factors computation

Longitudinal changes of the main risk factors for respiratory diseases were
computed.

Smoking habits were coded into 5 groups: ‘“Never” (non smoker subjects both in
PI2 and PI3), “Persistent” (smoker subjects both in PI2 and PI3), “Incident” (subjects
starting to smoke in the period between PI2 and PI3), “Remittent for < 18 yrs” (subjects
stopping smoking in the period between PI2 and PI3), “Remittent for > 18 yrs” (subjects
who had stopped smoking before P12).

Occupational exposure (exposure to dust/fume/gas at work) was codified into 4
groups: “Never” (unexposed subjects both in PI2 and PI3), “Persistent” (exposed subjects
both in PI2 and PI3), “Incident” (subjects becoming exposed in the period between P12 and
PI3), “Remittent” (subjects quitting exposure between P12 and PI3).

Vehicular traffic exposure (self-reported exposure to vehicular traffic near home)
was codified into 4 groups: “Never” (unexposed subjects both in PI2 and PI3), “Persistent”
(exposed subjects both in PI2 and PI3), “Incident” (subjects becoming exposed in the
period between PI2 and PI3), “Remittent” (subjects quitting exposure between PI2 and
PI3).

Statistical analyses

One-way analysis of variance was used for comparing continuous variables among
different groups of patients, while categorical variables were evaluated by chi-square test.

A post-hoc analysis was run to assess the source of statistically significant result in
case of contingency table larger than a 2 x 2, using adjusted standardized residual [11-12].
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An multinomial logistic regression model, taking as dependent variable the
longitudinal changes in multimorbidity and as explanatory variables group of age (< 44
yrs, > 44 yrs), sex (males, females), educational level (0-8 yrs, 8-13 yrs, > 13 yrs), body
mass index — BMI - groups (obese, overweight, normal/under weight), respiratory diseases
familiarity, allergic rhinitis familiarity, skin prick test (SPT) results and exposure to
longitudinal risk factors (occupational exposure, smoking habits, vehicular traffic
exposure), was run.

As regards SPT, the sensitization to 12 local allergens (pollens, house dust mites,
animal dander, moulds) was assessed by SPT reactivity using a standardized protocol; the
result was considered positive if it yielded a mean wheal diameter > 3 mm than that
determined by the negative control [14].

Statistical analyses were performed using the Statistical Package for the Social
Sciences (SPSS), rel 17.0. A p-value <0.05 was considered statistically significant, a

0.05<p-value<0.10 was considered as borderline value.

Results
General characteristics

Table 1 shows the descriptive characteristics and risk factors exposure of the
PI1&PI2&PI3 participants (n=849). 55.5% were females and about 39.0% lived in the
urban area; subjects had a mean age of 38.4+15.8 in PI1, 44.2+15.8 in PI2 and 62.0+15.7
in PI3. A significant increase in the educational level was found among the surveys, with
high educational level ranging from 2.9% in PIl to 10.5% in PI3. An increase in
percentages of obesity and overweight was found among the surveys (5.7% PI1 vs 28.0%
PI3 for obesity and 29.1% PI1 vs 43.9% PI3 for overweight); the same results for
occupational exposure (39.8% PI2 vs 45.8% PI3) and vehicular traffic exposure (35.4%
PI2 vs 62.8% PI3). A decrease of current smoking habit emerged among the surveys
(29.8% PI1 vs 18.0% PI3).

As regards the current respiratory symptoms/diseases prevalence, a significantly
higher value of COPD symptoms/diagnosis was found in P12 with respect to PI1: 15.5% vs
11.8% for usual cough and 6.2% vs 3.7% for COPD (Figure 1). A significantly higher
value of asthma attacks and COPD symptoms/diagnosis was found in PI3 with respect to
PI2: 8.0% vs 2.7% for asthma attacks, 23.2% vs 11.5% for usual phlegm, 21.3% vs 15.5%
for usual cough and 9.7% vs 6.2% for COPD (Figure 1).
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Comparing the prevalence of multimorbidity in the three surveys, a significant
increase in the co-presence of “COPD&AR” and of “Asthma&AR” from PI1/PI2 to PI3
was found (from 0.8% PI1 and 2.2% PI2 to 12.7% PI3; from 0.5% PI1 and 0.8% PI2 to
1.6% PI3, respectively); the same results were found for the co-presence of all the three
conditions “Asthma&AR&COPD” (from 0.0% PI1 and 0.5% PI2 to 4.7% PI3) (Figure 2).

As regards the longitudinal changes in multimorbidity, the following results were
found: 48.4% ‘Never/reduced number of conditions”, 11.7% ‘Persistent number of
conditions”, 29.4% “Increased number of conditions from 0 to 1 or more” and 10.5%
“Increased number of conditions from 1/2 to more” (Figure 3).

“Never/reduced number of conditions” frequency was significantly higher in
younger age (< 44 yrs) with respect to older age (> 44 yrs) (53.2% vs 43.5%) and in
subjects with negative SPT with respect to those with positive results (50.5% vs 43.7%);
“Increased number of conditions from 0 to 1 or more” in subjects living in urban area with
respect to living in a suburban one (25.4% vs 32.2%); “Increased number of conditions
from 1/2 to more” was significantly higher in older subjects with respect to younger
(14.9% vs 6.1%), in subjects living in urban area (13.4% vs 8.5%) and with positive SPT
(13.8% vs 8.7%) (Table 2).

As regards the relationship with longitudinal risk factors, a significant association
was found only with occupational exposure: “Never/reduced number of conditions”
frequency was significantly higher in never exposed with respect to the other longitudinal
categories (56.2% vs 42.4 incident, 37.5% persistent and 55.2% remittent); “Persistent
number of conditions” and “Increased number of conditions from 1/2 to more” were
significantly higher in persistent exposure (16.4% vs 10.3% incident, 15.7% remittent and
7.9% never; 15.8% vs 11.8% incident, 8.2% remittent and 7.1% never, respectively);
“Increased number of conditions from 0 to 1 or more” was significantly higher in incident
exposure (35.5% vs 30.3 persistent, 20.9% remittent and 28.8% never) (Table 3).

The results of the multinomial logistic regression analysis were shown in table 4. A
significantly higher risk of persistent multimorbidity was found in persistent smokers (OR
2.16, 95% CI 1.09-4.27) and in subjects with persistent and remittent occupational
exposure (OR 2.69, 95% CI 1.55-4.68 and OR 1.91, 95% CI 1.00-3.64); a significantly
higher risk of multimorbidity increase (from 0 to 1 or more conditions) was found in
subjects with incident and persistent occupational exposure (OR 2.01, 95% CI 1.33-3.04
and OR 1.85, 95% CI 1.24-2.76) and with incident and persistent vehicular traffic exposure
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(OR 1.62,95% CI 1.10-2.37 and OR 1.55, 95% CI 1.01-2.38); a significantly higher risk of
multimorbidity increase (from 1/2 to more conditions) was found in persistent smokers
(OR 2.71, 95% CI 1.36-5.39), in subjects with incident and persistent occupational
exposure (OR 2.31, 95% CI 1.18-4.50 and OR 2.93, 95% CI 1.62-5.28) and with incident
vehicular traffic exposure (OR 2.00, 95% CI 1.09-3.69) (table 4).

Discussion

These results showed 11.7% of persistent number of medical conditions within a
single subject, 29.4% of increased number of conditions from 0 to 1 or more and 10.5% of
increased number of conditions from 1/2 to more in a general population sample assessed
during a 18-yr follow-up.

Worsening of health status due to multimorbidity was higher in persistent smokers,
in subjects with incident and persistent occupational and vehicular traffic exposure.
Multimorbidity temporal changes

Taking into account the prevalence of multimorbidity found in the 3 Pisa surveys,
an increase from 4-6% in PI1/PI2 to 22% in PI3 was shown. These data are within the
prevalence range found in general population (13%-72%) [1]. Moreover, a Portuguese
study performed on a general population sample in the same period of PI3 showed similar
results (24% of multimorbidity prevalence) [15]; a higher value was found in a German
general population (40%) [16].

In particular, data showed an elevated increase of co-presence of COPD & AR
(from 0.8% in PI1 to 12.7% in PI3) and co-presence of all the 3 conditions (Asthma &
COPD & AR) (from 0.0% in PI1 to 4.7% in PI3). As regards the close link between COPD
and AR found in PI3, other studies showed that COPD patients had high percentages of
SPT positivity and symptoms of allergic rhinitis [17-18]. A review presented the evidence
that COPD is associated with significant sinonasal symptoms. Upper airway symptoms in
COPD cause impairment to quality of life. The severity of upper airway involvement
relates to that present in the lower airway, suggesting that the nose may be used to model
the lung in COPD [18].

Most of the evidence on multimorbidity came from cross-sectional studies and
longitudinal studies are limited [3]; our data added new information about the
multimorbidity in a longitudinal general population sample, showing an increase of about
40% during a 18-yrs follow-up.
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Multimorbidity risk factors

Baseline risk factors associated to the multimorbidity increase were age, AR family
history and SPT positivity.

Multimorbidity increase is driven by the ageing population, as found in many other
studies [3, 15-16].

As regards the role of allergy in multimorbidity, in the German MAS a higher
prevalence of multimorbidity was found in participants study (subjects of 20-yrs of age)
with allergic parents as compared to those without AR family history (18.5% vs 6.3%) [19]
and in a French birth cohort a higher prevalence of multimorbidity was found in infants
with allergens sensitization with respect to those without it (20% vs 6%) [20].

Analyzing the effect of longitudinal changes in risk factors exposure, important
associations were found between worsening of health status due to multimorbidity and
persistent smoking habits, incident and persistent occupational and vehicular traffic
exposure.

Cross-sectional studies explored associations between multimorbidity prevalence
and tobacco, but the paucity of longitudinal data determined that the direction of any
relationship is not clear. Nonetheless, given the causal relationship between smoking and
many chronic conditions, it is likely that smoking directly contributes to the development
of multimorbidity [3]. One longitudinal Finland study has found that smoking is a
predisposing factor for incident multimorbidity during 10-yrs follow-up with an OR of 2.7
in males and 2.6 in females [21].

As for smoking habits, environmental and occupational exposures were linked to
the increased risk of several chronic conditions. Thus, these exposures could be associated
with multimorbidity. However, to date, there is an evident lack of studies that have
specifically investigated an association between multimorbidity and environmental and
occupational exposure [3].

Indeed, recent reviews and reports about multimorbidity highlighted that few data
are available about modifiable factors that predict the risk of different types of
multimorbidity [1]: it remains unknown whether there are biological, environmental or
behavioural factors. The identification of any such factors, and the assessment of the
likelihood of causality, requires data from prospective observational studies [1,3].

Limitations and strengths
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A limitation of this study is the use of questionnaire for collecting data on
respiratory symptoms/diseases, potentially affected by a reporting bias, as it relies upon
individual memory; nevertheless, the standardized questionnaire is one of the main
investigation tool in respiratory epidemiology [22].

In these analyses, multimorbidity was defined according to the number of
respiratory/allergic diseases/symptoms within a single subject. Nowadays, there is no a
standard definition and in other studies multimorbidity was defined as co-presence of
different kind of diseases (i.e cardiovascular, respiratory and metabolic). The heterogeneity
in the measurement and reporting of multimorbidity across these studies limited
comparability of our results with those of other scientific researches. However, these data
add new evidences to this emerging topic, in particular regarding modifiable risk factors
associated with multimorbidity longitudinal changes.

A strength of our study is to have applied, over a 25-year follow-up, the same study
design, sampling frame and study protocol. In all the surveys, questions were derived from
validated international questionnaires, which already had passed the scrutiny of
independent reviewers.

At last, the added value of our study is to have analyzed two general population
samples with a large age range from childhood to the elderly.

Conclusion

The results obtained in the Pisa longitudinal survey added new information about
modifiable risk factors and onset/increase of multimorbidity; in particular, worsening of
health status due to multimorbidity was higher in persistent smokers, in subjects with
incident and persistent occupational exposure and in those with incident and persistent
vehicular traffic exposure. Such information could be useful to affected patients and health

care providers for prevention and management strategies.
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Table 1. Descriptive characteristics of longitudinal sample PI1/P2/PI13 (n=849) (%)

PI1 P12 P13 p-value | p-value
PI2vsPI1 | PI3vsPI2

Gender:
males 44.5 44.5 44.5 - -
females 55.5 55.5 55.5
Age (mean+SD) (yrs) 38.4+15.8 | 44.2+15.8 | 62.0+15.7 | 0.002 0.000
Age range (yrs) 5-74 11-78 28-96
Age groups:
<44 yrs 59.8 45.0 18.8 0.000 0.000
> 44 yrs 40.2 55.0 81.2
BMI (Kg/m”) groups: 0.000 0.000
obese 5.7 12.4 28.0
overweight 29.1 40.3 43.9
under/normal weight 65.2 47.3 28.0
Educational level: 0.000 0.000
0-8 yrs 79.6 73.6 64.3
8-13 yrs 17.4 22.6 25.2
> 13 yrs 2.9 3.8 10.5
Area of residence:
urban 39.7 39.2 39.2 1.00 1.00
suburban 60.3 60.8 60.8
Smoking habits: 0.000 0.000
smokers 29.8 25.7 18.0
ex-smokers 20.0 29.0 35.5
non smokers 50.2 45.3 46.5
Occupational exposure: 0.805 0.012
yes 40.4 39.8 45.8
no 59.6 60.2 54.2
Vehicular traffic 0.000
exposure: --- 35.4 62.8 -
yes 64.6 37.2
no

SD: standard deviation; BMI: body mass index. In bold: statistically significant values.
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Table 2. Longitudinal changes in multimorbidity by PI2 general characteristics (%)

Never/ Persistent | Increased | Increased | p-value
reduced | number of | fromOto | from 1/2
(n=536) | conditions | 1 or more to more
(n=129) (n=326) (n=116)
Sex: 0.097
males 47.1 13.2 27.4 12.2
females 49.5 10.3 31.2 9.0
Group of age: 0.000
<44 yrs 53.2 11.1 29.6 6.1
> 44 yrs 43.5 12.2 29.3 14.9
BMI (Kg/m®) groups: 0.310
obese 40.5 15.3 30.5 13.7
overweight 47.6 11.4 29.5 11.4
normal 50.9 11.0 29.1 9.0
Educational level: 0.067
0-8 yrs 46.2 11.0 31.2 11.6
8-13 yrs 53.6 12.5 26.2 7.6
> 13 yrs 55.8 17.3 19.2 7.7
Area of residence: 0.014
urban 48.8 12.5 25.4 13.4
suburban 48.2 11.1 32.2 8.5
Family history of 0.213
respiratory diseases:
yes 48.1 12.0 27.6 12.4
no 47.9 11.4 31.7 9.0
Family history of 0.447
allergic rhinitis:
yes 47.4 12.5 28.4 11.6
no 49.4 10.8 30.4 9.4
SPT: 0.004
positive 43.7 15.4 27.0 13.8
negative 50.5 10.3 30.5 8.7

BMI: body mass index; SPT: skin prick test.
In italic: borderline values; in bold: statistically significant values.
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Table 3. Longitudinal changes in multimorbidity by longitudinal changes in risk

factors exposure (%)

Never/ | Persistent | Increased | Increased | p-
reduced | number of | fromOto | from1/2 | value
(n=536) | conditions | 1 or more to more
(n=129) (n=326) (n=116)
Smoking habits: 0.095
incident smokers 47.2 12.5 36.1 4.2
persistent smokers 43.4 14.7 26.5 154
remittent for < 18 yrs 50.6 12.9 25.3 11.2
remittent for > 18 yrs 45.0 13.8 29.4 11.7
never smokers 51.5 8.7 31.0 8.9
Occupational exposure: 0.000
incident 42.4 10.3 35.5 11.8
persistent 37.5 16.4 30.3 15.8
remittent 55.2 15.7 20.9 8.2
never 56.2 7.9 28.8 7.1
Vehicular traffic exposure: 0.127
incident 46.5 10.6 31.2 11.7
persistent 44.3 12.8 32.6 10.3
remittent 48.3 15.8 23.3 12.5
never 55.4 10.1 26.5 8.0

In italic: borderline values; in bold: statistically significant values.
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Table 4. Longitudinal risk factors for multimorbidity. Results of the ordinal logistic

regression analysis (OR and 95% CI)

Persistent
number of
conditions

Increased
number of
conditions from
0to 1 or more

Increased
number of
conditions from
1/2 to more

Smoking habits:
incident smokers
persistent smokers
remittent for < 18 yrs
remittent for > 18 yrs
(ref: never)

1.65 (0.66-4.13)
2.16 (1.09-4.27)
1.50 (0.78-2.89)
1.67 (0.95-2.93)
1.00

1.35 (0.73-2.50)
1.10 (0.66-1.84)
0.95 (0.59-1.52)
1.08 (0.72-1.60)
1.00

0.77 (0.21-2.83)
2.71 (1.36-5.39)
1.18 (0.58-2.40)
1.00 (0.54-1.84)
1.00

Occupational exposure:
incident

persistent

remittent

(ref: never)

1.75 (0.92-3.33)
2.69 (1.55-4.68)
1.91 (1.00-3.64)
1.00

2.01 (1.33-3.04)
1.85 (1.24-2.76)
0.87 (0.52-1.47)
1.00

2.31 (1.18-4.50)
2.93 (1.62-5.28)
0.85(0.37-1.94)
1.00

Vehicular traffic exposure:
incident

persistent

remittent

(ref: never)

1.26 (0.73-2.17)
1.34 (0.74-2.43)
1.59 (0.79-2.17)
1.00

1.62 (1.10-2.37)
1.55 (1.01-2.38)
0.90 (0.50-1.62)
1.00

2.00 (1.09-3.69)
1.37 (0.69-2.72)
2.03 (0.91-4.51)
1.00

Reference category: never/reduced.
Adjusted for: age, sex, BMI, educational level, family history of respiratory diseases,

family history of allergic rhinitis, positivity to skin prick test.
In bold: statistically significant values.
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Figure 1. Venn diagram of multimorbidity in longitudinal sample PI1/P12/PI3

P PI2 PI3
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PI1: Pisa 1 survey; PI2: Pisa 2 survey, PI3: Pisa 3 survey; Sx/Ds: symptoms or diagnosis;
AR: allergic rhinitis.

Figure 2. Symptoms/diseases prevalence in longitudinal sample PI11/P12/P13 (%)
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#: p-value < 0.05 by chi-square test (comparison between PI1 and P12).

*F%: p-value < 0.001; **: p-value < 0.01 by chi-square test (comparison between P12 and
PI3).
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Figure 3. Longitudinal changes in multimorbidity from PI2 to PI3 survey (%)
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H Increased n® of conditions from 0 to 1 or more

M Increased n° of conditions from 1/2 to more
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ABSTRACT

Background: Few data are available on the temporal pattern of respiratory disease
phenotypes in general population.

Aim: assessing trajectories of respiratory disease phenotypes over time and associated risk
factors.

Methods: a longitudinal general population sample from two studies (PISA2:1991-1993;
PISA3:2009-2011; n=1107), completing a questionnaire on respiratory symptoms/diseases
(RSD), risk factors exposure and performing spirometry and skin prick test.

Latent transition analysis (LTA) was performed to assess respiratory disease phenotypes at
PI1 and PI2, labelled according to RSD occurrence. Possible longitudinal patterns were
persistence, worsening and improvement of the phenotype. Statistical analyses were
performed on the whole sample and stratified by sex.

Results: Four different RSD phenotypes (non atopic healthy, atopic AR, non atopic usual
cough/phlegm, atopic asthma & AR) and longitudinal trajectories over 18 years (2%
improving, 52.2% persistent health status, 22.9% persistent AR, 9% persistent
cough/phlegm, 13.8% worsening health status) resulted. "Improving health status"
phenotype was lower in subjects exposed to vehicular traffic (OR 0.33 incident, OR 0.13
persistent); "persistent AR" was higher in subjects with remittent occupational exposure
(OR 1.60); "persistent cough/phlegm" was higher in smokers (OR 5.92 persistent, OR 2.27
remittent for < 18 yrs) and in subjects with occupational exposure (OR 2.63 incident, OR
3.51 persistent); "worsening health status" was higher in smokers (OR 2.16 incident, OR
1.95 persistent).

Moreover, a higher risk of "Persistent disease status" was found in smoker males (OR
1.91) and in females with occupational and vehicular traffic exposure (OR 1.56).
Conclusions: LTA allowed to identify four different RSD phenotypes and their
longitudinal patterns over 18 years and related risk factors in a real life setting. Such
results brings new perspectives in the analyses of population-based data with the use of a
thorough methodological approach, integrating at the same time different disease domains
(diagnoses, symptoms, objective measurements and diseases co-presence) and time

repeated measurements.
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INTRODUCTION

Chronic respiratory diseases are complex diseases characterized by a strong clinical
heterogeneity and possible phenotypic variability over time [1]. An accurate assessment of
phenotypes is needed for better diseases management and for better identification of
phenotype-specific risk factors. Disentangling disease phenotypes is a current challenge [1-
2].

Beside the “candidate” approach that identifies a priori phenotypes on the basis of
one or few disease characteristics, unsupervised or data driven approaches have been
proposed to unravel the heterogeneity of chronic diseases by means of a clustering
approach integrating multiple disease features, possibly identifying and defining objective,
novel or previously unrecognised phenotypes [1,3]. The application of data-driven
approaches has yielded phenotypic classifications that are clinically meaningful and
interpretable and that are relevant to prognosis [2].

To date, clustering analyses have been performed in a cross-sectional manner
(Latent Class Analysis), by integrating several domains of the disease measured at one
point in time, or longitudinally, by using a single disease characteristic assessed at several
time points to define trajectories [1,3]. On the contrary, the application of data-driven
approaches to define longitudinal phenotypes of chronic diseases remains largely
unexplored. Latent transition analysis (LTA) permit to incorporate the longitudinal pattern
of several disease manifestations into one statistical model to simultaneously define
phenotypes and to examine transitions over time [1-3].

The purpose of our population-based study was to evaluate 18-yr trajectories of
respiratory disease phenotypes and associated risk factors in a longitudinal general
population sample using LTA.

MATERIALS AND METHODS
Sample

Detailed information on population characteristics and methods are available
elsewhere [4-5].

Briefly, a multistage stratified family-cluster random sample of general population,
living in Pisa, was investigated in three subsequent cross-sectional surveys: first survey
(PI1) (1985-1988); second survey (P12) (1991-1993); third survey (PI3) (2009-2011).

Since spirometry data were unavailable in PI1, only subjects participating in both P12
and PI3 (n=1107) were taken into account herein: the mean follow-up was 18-yr.
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In PI2, information on respiratory symptoms/diseases and risk factors were
obtained through a standardized interviewer-administered questionnaire developed by the
National Research Council [6]. A subsample performed instrumental measurements to
assess respiratory failures and atopy: a) all < 75 year subjects were invited to perform
spirometry (forced vital capacity-FVC- manoeuvre) according to the American Thoracic
Society (ATS) protocol [7], through a water-sealed spirometer (Baires, Biomedin) [8]; b)
the sensitization to 12 local allergens (pollens, house dust mites, animal dander, moulds)
was assessed in volunteers by skin-prick test reactivity using a standardized protocol [9].

As regards PI3, an interviewer-administered questionnaire on respiratory
symptoms/diseases and risk factors was designed using questions from previously
validated questionnaires [4,6]. Moreover, all subjects were invited to perform spirometry
(FVC manoeuvre) according to the ATS/European Respiratory Society (ERS) protocol
[10], through an hand-held ultrasonic spirometer (EasyOne Model 2001 Spirometer, NDD
Medical Technologies); the participation rate was 55% (n=689).

At the time of P12, Italian law didn’t request an Ethical Committee approval; thus, the
protocol was approved by an Internal Revision Board within the CNR Preventive Medicine
Targeted Project. PI3 study protocol, patient information sheet, and consent form were
approved by the Pisa University Hospital Ethics Committee (Prot. no. 23887, April 16,
2008).

Disease phenotypes characterization

LTA was used to characterize the respiratory disease phenotypes. It identifies
unobservable (latent) subgroups (classes or statuses) of individuals within a population
based on the values of multiple observed variables. Latent statuses (phenotypes) are
mutually exclusive and exhaustive and they are not assumed stable over time.

LTA uses longitudinal data to estimate the probabilities of transitions from one
latent class to another and enables to estimate class membership over time.

To choose the optimal LTA model, the Bayesian Information Criterion (BIC) was
used. A smaller value represents a more optimal balance of model fit and parsimony; thus,
a model with the minimum BIC might be selected [11].

Manifest variables, considered to characterize the phenotypes, were
presence/absence of the following symptoms/diseases at PI2 and PI3: asthma, attacks of

asthma, allergic rhinitis (AR), COPD, usual cough, usual phlegm, SPT positivity, lower
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limit of normal airway obstruction (LLN AQO). Estimate of four phenotypes for each time
yielded the best BIC.

Based on RSD frequency, “cross-sectional phenotypes” were labelled as:“Non
atopic, healthy”, “Atopic, AR”, “Non atopic, usual cough/phlegm”, “Atopic, asthma &
AR” in PI2; “Non atopic, healthy”, “Atopic, AR”, “Non atopic, usual cough/phlegm”,
“Atopic, asthma & usual cough/phlegm & AR” in PI3 (Figure 1, Figure 2). At each time,
the subjects were assigned to the phenotype associated with the maximum posterior
probabilities of latent class membership [11].

Longitudinal respiratory disease phenotypes

The following “longitudinal phenotypes” (longitudinal trajectories) were defined:
“Persistent healthy” (“Non atopic, healthy” phenotype in both PI2 and PI3); “Persistent
AR” (“Atopic, AR” in both P12 and PI3); “Persistent cough/phlegm” (“Non atopic, usual
cough/phlegm” in both PI2 and PI3); “Improving health status” (improvement of health
status from PI2 to PI3: “Non atopic, usual cough/phlegm” changing in “Non atopic,
healthy”; “Atopic, asthma & AR” changing in “Non atopic, healthy”); “Worsening health
status” (worsening of health status from PI2 to PI3: “Non atopic, healthy” changing in
“Non atopic, usual cough/phlegm”; “Atopic, AR” changing in “Atopic, asthma & usual
cough/phlegm & AR”; “Atopic, asthma & AR” changing in “Atopic, asthma & usual
cough/phlegm & AR”) (Figure 3).

Longitudinal risk factors

Longitudinal changes of the main risk factors for respiratory diseases were
computed.

Smoking habits were coded into 5 groups: ‘“Never” (non smoker subjects both in
PI2 and PI3), “Persistent” (smoker subjects both in PI2 and PI3), “Incident” (subjects
starting to smoke in the period between PI2 and PI3), “Remittent for < 18 yrs” (subjects
stopping smoking in the period between PI2 and PI3), “Remittent for > 18 yrs” (subjects
who had stopped smoking before P12).

Occupational exposure (exposure to dust/fume/gas at work) was codified into 4
groups: “Never” (unexposed subjects both in PI2 and PI3), “Persistent” (exposed subjects
both in PI2 and PI3), “Incident” (subjects becoming exposed in the period between P12 and
PI3), “Remittent” (subjects quitting exposure between PI2 and PI3).

Vehicular traffic exposure (self-reported exposure to vehicular traffic near home)

was codified into 4 groups: “Never” (unexposed subjects both in PI2 and PI3), “Persistent”
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(exposed subjects both in PI2 and PI3), “Incident” (subjects becoming exposed in the
period between PI2 and PI3), “Remittent” (subjects quitting exposure between PI2 and
PI3).
Statistical analyses

Statistical analyses were carried out using the Statistical Package for the Social
Sciences (SPSS version 16.0). Comparisons among groups were performed by chi-square
test for categorical variables and analysis of variance for continuous variables.

A post-hoc analysis was run to assess the source of statistically significant result in
case of contingency table larger than a 2 x 2, using adjusted standardized residual [12-13].

LTA was run using R software (version 3.5.1).

Two different multinomial logistic regression analyses (referred to as a, b) were
run, all having the “longitudinal phenotype” as dependent variable (reference category:
"Persistent health status"). Explanatory variables were: a) group of age (< 44 yrs, > 44 yrs),
sex (males, females), BMI groups (obese, overweight, normal/under weight), educational
level (0-8 yrs, 8-13 yrs, > 13 yrs), family history of allergic rhinitis, family history of
respiratory diseases and exposure to longitudinal risk factors (occupational exposure,
smoking habits, vehicular traffic exposure); b) anthropometric parameters (age, sex,
educational level), last 12 months use of health services (family physician and specialist
visits for respiratory problems) and last 12 months daily activities limitations for
respiratory problems.

The significance level was set at 0.05.
Analyses by sex

The same statistical analyses, above reported, were performed separately between
males and females to assess possible different longitudinal patterns and associated risk
factors between sex.

The same cross-sectional disease phenotypes were found in males and females with
respect to the whole sample (figure ela, figure elb, figure e2a, figure e2a online
supplement).

Longitudinal respiratory disease phenotypes showed a different pattern. The
following “longitudinal phenotypes” (longitudinal trajectories) were defined:
"Persistent/improving health status" ("Non atopic, healthy" phenotype in both P12 and PI3
in males and females; "Non atopic, usual cough/phlegm" changing in "Non atopic,
healthy" in males and in females; "Atopic, asthma & AR" changing in "Atopic, AR" in
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males); "Persistent disease status" ("Atopic, AR" both in PI2 and PI3 in males and
females; "Non atopic, usual cough/phlegm" both in PI2 and PI3 in males and in females);
"Worsening health status" ("Non atopic, healthy" changing in "Non atopic, usual
cough/phlegm" in both males and females; "Atopic, AR" changing in "Atopic, asthma &
usual cough/phlegm & AR" in males and in females; "Atopic, asthma & AR" changing in
"Atopic, asthma & usual cough/phlegm & AR" in males and in females; "Non atopic,
healthy" changing in "Atopic, asthma & usual cough/phlegm & AR" in females; "Non
atopic, usual cough/phlegm" changing in "Atopic, asthma & usual cough/phlegm & AR" in
females) (Figure 4a, Figure 4b).

RESULTS
Whole sample

Descriptive characteristics of PI2 and PI3 participants are shown in Table 1:
54.2%were females, 32.2% had SPT positivity, 47.3% had family history of allergic
disorders and 49.0% of respiratory diseases, 55.6% reported current second hand smoke
exposure. Significantly higher percentages of obesity (26.7% vs 11.6%), OE (45.8% vs
39.6%) and VT (63.1% vs 35.5%) and significantly lower percentage of smokers (18.8%
vs 24.7%) were found in P13 with respect to P12.

As regards the current respiratory symptoms/diseases prevalence, a significantly
higher value was found in PI3 with respect to PI2: 7.9% vs 2.7% for asthma attacks, 36.7%
vs 11.4% for AR, 22.0% vs 11.5% for usual phlegm, 20.1% vs 14.7% for usual cough,
8.7% vs 5.2% for COPD, 18.5% vs 10.7% for LLN AO (table 2).

According to the item-response probabilities, 4 cross-sectional phenotypes were
found in P12 and in PI3: "Non atopic, healthy" (58.2% and 54.2%), "Atopic, AR" (27.5%
and 22.9%), "Non atopic, usual cough/phlegm" (10.9% and 15.0%) and "Atopic, asthma &
usual cough/phlegm & AR" (labeled "Atopic, asthma & AR" in PI2) (3.4% and 7.9%)
(figure 1, figure 2). Despite the use of the same labels to identify the cross-sectional
phenotypes, there were some differences between PI2 and PI3: PI3 "Non atopic, healthy"
showed a higher frequency of AR with respect to P12 (25.0% vs 4.3%); P13 "Atopic, AR"
showed a higher frequency of AR with respect to P12 (41.1% vs 22.0%); PI3 "Non atopic,
usual cough/phlegm" showed a higher frequency of AR and AO with respect to P12 (56.6%
vs 12.4% for AR and 31.4% vs 10.5% for AO). As regards the PI3 "Atopic, asthma &
usual cough/phlegm & AR", with respect to P12 "Atopic, asthma & AR", an increase in the
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frequency of bronchitic and allergic status (39.5% vs 54.0% for usual cough, 23.7% vs
59.8% for usual phlegm and 42.1% vs 66.7% for AR) and a decrease in the frequency of
asthma status (84.2% vs 33.3% for asthma and 60.5% vs 35.6% for asthma attacks)
emerged (figure 1, figure 2).

Overall, subjects didn't show a strong probability of changing phenotypes across
time (about 85% of persistent status). The transition probabilities between phenotypes
varied from 2.6% to 17.4%. "Atopic, AR" had the highest probabilities of worsening
towards "Atopic, asthma & usual cough/phlegm & AR" (16.4%) and the "Non atopic,
usual cough/phlegm" had the highest probabilities of improving towards "Non atopic,
healthy" (17.4%) (figure 3).

The main longitudinal patterns of disease phenotypes were: "Improving health
status" (2.0%), "Persistent healthy" (52.2%), "Persistent AR" (22.9%), "Persistent usual
cough/phlegm" (9.0%), "Worsening health status" (13.8%).

Table 3 shows the relationship between P12 general characteristics, PI2 risk factors
exposure and longitudinal patterns of disease phenotypes.

The frequency of "Persistent healthy" was significantly higher in females with
respect to males (56.5% and 47.1%); "Persistent AR" was significantly higher in younger
age (< 44 yrs) with respect to older age (> 44 yrs) (27.1% vs 18.8%); "Persistent usual
cough/phlegm" was significantly higher in males with respect to females (12.2% vs 6.3%),
in older age with respect to younger age (14.8% vs 3.4%), in obese subjects with respect to
overweight and normal weight (17.6% vs 9.8% and 6.5%); finally, "Worsening health
status" was significantly more elevated in subjects with a family history of respiratory
diseases with respect to those without it (16.8% vs 11.4%) (table 3).

Table 4 shows the relationship between longitudinal risk factors exposure and
longitudinal patterns of disease phenotypes.

The frequency of "Improving health status" was significantly lower in subject with
never occupational exposure with respect to the other longitudinal categories (1.5% vs
3.0% incident, 2.0% persistent and 2.2% remittent); "Persistent AR" was significantly
lower in persistent smokers with respect to the other longitudinal categories (15.4% vs
22.2% incident, 26.4% remittent for < 18 yrs, 21.3% remittent for > 18 yrs and 25.1%
never); "Persistent usual cough/phlegm" was significantly higher in persistent smokers
(17.6% vs 1.4% incident, 10.1% remittent for < 18 yrs, 12.4% remittent for > 18 yrs and
5.0% never); finally, "Worsening health status" was significantly higher in incident
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smokers (23.6% vs 18.4% persistent, 11.2% remittent for < 18 yrs, 13.5% remittent for >
18 yrs and 12.1% never) (table 4).

The results of the 2 different multinomial logistic regression analyses, taking into
account "Persistent health" as reference category, were shown in table 5 and table 6.

A significant lower risk of "Improving HS" was found in subjects living exposed to
incident and persistent vehicular traffic (OR 0.33, 95% CI 0.12-0.94 and OR 0.13, 95% CI
0.03-0.62); a significant higher risk of "Persistent AR" was found in subjects with
remittent occupational exposure (OR 1.60, 95% CI 1.00-2.56); a significantly higher risk
of "Persistent usual cough/phlegm" was found in persistent smokers and remittent smokers
for < 18 yrs with respect to never (OR 5.92, 95% CI 2.86-12.26 and OR 2.27, 95% CI
1.07-4.79) and in subjects with incident and persistent occupational exposure with respect
to never (OR 2.63, 95% CI 1.27-5.45 and OR 3.51, 95% CI 1.83-6.74, respectively); a
significant higher risk of "Worsening health status" was found in incident and persistent
smokers (OR 2.16, 95% CI 1.07-4.36 and OR 1.95, 95% CI 1.09-3.49) (table 5).

As regards the relationship between longitudinal disease phenotypes an physician
visits (family physician and specialist visits for respiratory problems in the last 12 months)
and daily activity limitations in the last 12 months, a significantly higher risk of having
"Persistent usual cough/phlegm" was found in subjects attending their physician or
specialist for respiratory troubles in the last 12 months (OR 5.40, 95% CI 2.87-10.17 and
OR 2.08, 95% CI 1.00-4.30, respectively); the same results were found for "Worsening
health status" (OR 4.78, 95% CI 2.79-8.20 and OR 4.11, 95% CI 2.32-7.28, respectively)
(table 6).

Analyses by sex

The same cross-sectional disease phenotypes were found with respect to the whole
sample, but some differences emerged between sex: in both PI2 and PI3 surveys, a
significantly higher frequency of "Non atopic, healthy" was found in females with respect
to males (62.8% vs 50.7% in PI2 and 58.7% vs 49.3% in PI3); on the contrary, a
significantly higher frequency of "Non atopic, usual cough/phlegm" and "Atopic, asthma
& usual cough/phlegm & AR" was found in males with respect to females (17.0% vs 8.2%
and 6.3% vs 2.5%, respectively, in P12; 18.3% vs 10.3% and 8.9% vs 4.7%, respectively,

in PI3) (figure ela, figure elb, figure e2a, figure e2a online supplement).
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As in the whole sample, males and females didn't show a strong probability of
changing phenotypes across time, with a higher stability in females with respect to males
(90% vs 85% of persistent status) (figure 4a, figure 4b).

The main longitudinal patterns of the disease phenotypes were:
"Persistent/improving health status" (49.7%), "Persistent disease status" (35.9%),
"Worsening health status" (14.4%) in males; "Persistent/improving health status" (58.7%),
"Persistent disease status" (31.3%), "Worsening health status" (10.0%) in females. Males
showed a significantly higher frequency of "Persistent disease status" and "Worsening
health status" with respect to females.

Results of descriptive and bivariate analyses performed separately in males and in
females were reported in the online supplement (table el, table e2, table €3, table e4).

As regards the results of the multinomial logistic regression analysis, in males a
significantly higher risk of "Persistent disease status" was found in remittent smokers for <
18 yrs with respect to never (OR 1.90, 95% CI 1.05-3.47). A significantly higher risk of
"Worsening health status" was found in incident smokers (OR 3.85, 95% CI 1.38-10.74)
and a significant inverse association was found in subjects with remittent vehicular traffic
exposure (OR 0.27, 95% CI 0.07-0.99) (Table 7). In females, a significantly higher risk of
"Persistent disease status" was found in subjects with persistent occupational exposure (OR
1.80, 95% CI 1.05-3.11) and with persistent vehicular traffic exposure (OR 1.68, 95% CI
1.00-2.80). A significantly higher risk of "Worsening health status" was found in subjects
with remittent vehicular traffic exposure (OR 3.99, 95% CI 1.43-11.16) (Table 7).

Results of the multinomial logistic regression analysis taking into account the
relationship between longitudinal RSD phenotypes and use of health services and daily

activity limitation were reported in the online supplement (table e5).

DISCUSSION
Whole sample
Respiratory phenotypes temporal changes

The use of LTA permitted to identify 4 main baseline (PI2) phenotypes of
respiratory diseases in this general population sample: “Non atopic, healthy”, “Atopic,
AR”, “Non atopic, usual cough/phlegm”, “Atopic, asthma & AR”. The same phenotypes
were found in PI3. Despite the use of the same labels to identify the cross-sectional

phenotypes, there were some differences between PI2 and PI3: a higher frequency of AR
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in PI3 "Non atopic, healthy", "Atopic, AR" and "Non atopic, usual cough/phlegm" with
respect to P12 phenotypes. Moreover, PI3 "Atopic, asthma & usual cough/phlegm & AR",
with respect to P12 "Atopic, asthma & AR", showed an increase in the frequency of usual
cough/phlegm and AR and a decrease in the frequency of asthma symptoms/diagnosis.
These results confirm the increasing prevalence of respiratory symptoms/diseases found in
recent scientific papers [4, 14-15].

Moreover, the frequency values of cross-sectional phenotypes were comparable to
the respiratory symptoms/diseases prevalence values found in a previous paper about the
Pisa surveys [4]. In particular, “Non atopic, usual cough/phlegm” phenotype (10.9% PI2
and 15.0% PI3) had comparable results with the prevalence of cough/phlegm found in PI2
and in PI3 (14.4% and 16.5% for usual cough; 12.0% and 19.5% for usual phlegm);
“Atopic, AR” phenotype had comparable results (27.5% PI2 and 22.9% PI3) with the
prevalence of AR found in PI2 and in PI3 (20.2% in PI2 and 37.4% in PI3), even if it was
not found the same increasing prevalence as in previous paper [4].

“Atopic, asthma & AR” phenotype showed a prevalence of 3.4% in PI2. The
prevalence of asthma & AR was not computed in previous paper about the Pisa surveys
[4]; however, in an Italian young adult general population sample comparable results were
found (5.2%) [16]. P12 “Atopic, asthma & AR” phenotype changes in “Atopic, asthma &
usual cough/phlegm & AR” at PI3; in particular, a reduction of asthma
symptoms/diagnosis frequency and an increase of usual cough/phlegm resulted. This
change can be suggestive of asthma evolution towards COPD, a condition described as
ACOS [17].

Longitudinal phenotypes were defined as “Improving health status” (2.0%),
“Persistent healthy” (52.2%), “Persistent usual cough/phlegm” (9.0%), “Persistent AR”
(22.9%) and “Worsening health status” (13.8%). Prevalently, the “Improving health status”
was characterized by subjects with asthma and COPD remission and “Worsening health
status” by subjects developing usual cough/phlegm and asthma.

Risk factors

“Improving health status” was significantly lower in subjects living exposed to
vehicular traffic (persistent and incident exposure). “Persistent cough/phlegm” was higher
in smokers (persistent and remittent smokers for < 18 yrs) and in subjects with
occupational exposure (persistent and incident exposure). “Worsening health status” was
higher in smokers (persistent and incident smokers).
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These results confirm the strong relationship between tobacco use, air pollutants
and occupational exposure and lifetime increase of respiratory symptoms/diseases
prevalence and incidence, as reported in WHO official statements [18-19]. 35% of COPD
is attributable to smoking habit [20], 36% to indoor/outdoor air pollution, 12% to
occupational exposure [19]; 44% of asthma is attributable to total occupational risks,
indoor and ambient air pollutants [19].

No published research about the relationship between longitudinal exposure to risk
factors and longitudinal pattern of RSD phenotypes was found by the authors in literature.
Thus, these results add new information about this important topic.

Finally, the results of multinomial logistic regression analyses about the use of
health services in the last 12 months highlighted that “Persistent cough/phlegm” and
“Worsening health status” phenotypes, with respect to “Persistent AR” and “Improving
health status”, were characterized by subjects with the worst health status needing of
physician and specialist visits at PI3; these results were considered as a possible validation
of'the goodness of the computed longitudinal phenotypes.

Nowadays, LTA or cluster analyses were used to assess phenotypes focusing on
single diseases (i.e COPD or asthma) [1-2,21]. These results put a new insight into the
possibility of performing LTA to assess phenotypes using population-based data,
integrating at the same time different disease domains (diagnoses, symptoms, objective
measurements, multiple diseases) and time repeated measurements. Indeed, using LTA, 4
meaningful and plausible disease phenotypes and longitudinal trajectories were found in
real life setting.

Analyses by sex

The same longitudinal phenotypes were found in males and females, but with a
higher frequency of "Persistent/improving health status” in females with respect to males
(58.7% vs 49.7%).

A higher risk of "Persistent disease status" was found in smoker males (OR 1.91)
and in females exposed to fumes/dusts/gases at work and to vehicular traffic (ORs 1.56).
These results suggest a different susceptibility of males and females to risk factors
exposure.

Risk of respiratory diseases persistence was related to smoking habits only in
males, probably due to the fact that in the Pisa sample 24% of males were smokers with
respect to 16% of females, a result in line with the 2010 DOXA Italian data. However, in
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the last decade this sex difference becomes less marked, especially in developed regions
where smoking patterns are similar between men and women. This lifetime habits change
could influence the relationship between smoking habits and risk of respiratory diseases in
females; indeed, it has been suggested that female smokers are more likely to develop
COPD than male smokers, and that for the same level of exposure to cigarette smoke
women have a higher risk of developing more severe disease at younger ages than men
[22].

Risk of respiratory diseases persistence was related to occupational exposure only
in females, even if a higher percentage of occupational exposure was found in males (about
60% vs 30%); this could be due different occupational risk, according to the performed
working tasks, between males and females: women complain more frequently about upper
limb disorders and stress, skin disease and infectious diseases and about major threats to
respiratory health tract coming from cleaning and sterilizing agents used in health care
facilities, as well as from dust in the textile and clothing industry. Men more frequently
have accidents and injuries at work compared to women and they are more likely to suffer
from hearing impairment, due to exposure to noisy machines and equipment [23].

As regards the exposure to vehicular traffic, these results showed a significantly
higher risk of persistent disease status only in females. Recent scientific evidences reported
that women are more susceptible to inflammatory lung disease induced by air pollution and
show worse adverse pulmonary health outcomes than men. A possible mechanism
underlying these differences could be a sex difference in the expression of lung
inflammatory mediators that affect sex-specific immune responses to environmental
toxicants [24].

Limits and strengths

Use of questionnaires for collecting RSD data might be a limitation because it is
potentially affected by a reporting bias, as it relies upon individual memory; nevertheless,
the standardized questionnaire is one of the main investigation tools in respiratory
epidemiology [25]. Moreover, in our study an objective respiratory outcome (lung function
and SPT), not affected by such potential bias, was also applied.

It is to point out that in PI3 some differences in the used questionnaire exist, but only

comparable or identical questions to PI2 ones were chosen.
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Spirometry was performed using different instruments in PI2 and PI3; a correction
factor was derived to overcome this limit and to permit the comparison between studies, as
reported in our previous paper [4].

LTA was used to identify possible longitudinal disease phenotypes. LTA permits to
simultaneously account for several domains of the diseases obtaining a more
comprehensive characterization of respiratory outcomes. The  identified  respiratory
disease phenotypes can only account for the disease features represented by the variables
included in the model; however, the main features of asthma, COPD and AR were taken
into account.

A strength of our population-based study is to have applied, over an 18-yr follow-up,
the same study design, sampling frame and study protocol in repeated cross-sectional
surveys on general population samples living in the same area. Moreover, a wide general
population sample spanning from childhood to the elderly was analyzed, with a vast
amount of individual qualitative and quantitative data.

LTA allowed to simultaneously accounts for several domains of the diseases
repeatedly measured over time. This approach applied to a longitudinal dataset is
exploratory and hypothesis generating. However, the phenotypes observed were clinically
relevant.

LTA may allow to overcome problems encountered in using incidence to analyze
risk factors in follow-up studies. Indeed, as opposed to the analysis of incidence that
assumes that chronic diseases are true dichotomous, which is unlikely to be true, LTA
provides a novel modelling approach for longitudinal studies that does not make such an
assumption. If disease prevalence changes, there is a need to understand what dynamics
contributed to the change and transition probabilities better explain the nature of such

changes. LTA provides novel information on both stability and changes [3].

CONCLUSIONS

LTA allowed to identify four different phenotypes, their longitudinal patterns and
associated risk factors over 18 years. "Improving health status" phenotype was lower in
subjects exposed to vehicular traffic; "persistent AR" was higher in subjects with remittent
occupational exposure; "persistent cough/phlegm" was higher in smokers and subjects

exposed to occupational exposure; "worsening health status" was higher in smokers.
Different susceptibility to risk factors exposure was found in males and females.
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All these information should be considered for primary prevention strategies in
order to reduce the burden of chronic diseases in the general population and for prevention
and management strategies of respiratory diseases in health care setting.

Moreover, LTA allowed to identify four plausible different phenotypes based on
respiratory symptoms/diseases, their longitudinal patterns over 18 years and related risk
factors in a real life setting. Such results brings new perspectives in the analyses of
population-based data with the use of a thorough methodological approach, integrating at
the same time different disease domains (diagnoses, symptoms, objective measurements

and diseases co-presence) and time repeated measurements.
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Table 1. Descriptive characteristics of PI2-PI3 longitudinal subjects
(n=1107; males=507; females=600)

P12 P13 p-value
(1991-1993) | (2009-2011)
Sex (%):
males 45.8 45.8
females 54.2 54.2
Age (mean+SD) 42.3+16.3 60.1+16.2 0.000
Age range 8-78 25-96
BMI (n=688)* (meantSD) 25.4+4.2 27.5+4.6 0.000
BMI (n=688) (%): 0.000
Underweight/normal weight 48.0 29.8
Overweight 40.4 43.5
Obese 11.6 26.7
missing values (n=419) 37.8 37.8
Smoking habits (%): 0.000
Smokers 24.7 18.8
Ex smokers 28.5 354
Non smokers 46.8 45.8
Occupational exposure (%) 39.6 45.8 0.003
Vehicular traffic exposure (%) 35.5 63.1 0.000
Second hand smoke exposure 55.6 n.a.
Positivity to SPT** (n=987) (%) | 32.2 n.a.
missing values (n=120) 10.8
Family history (at least one | 49.0 n.a.
parent) of respiratory diseases™**
(%0)
Family history (at least one | 47.3 n.a.
parent) of allergic rhinitis (%)

SD: standard deviation; BMI: body mass index; SPT: skin prick test

* BMI was available only in 688 subjects in PI3; thus, the comparison between PI2 and
PI3 values was performed on this subsample

**positivity (mean wheal diameter > 3 mm than that of the negative control) to at least one
allergen among house dust mites, pets, moulds, pollens

*#*asthma or chronic bronchitis or emphysema

n.a. not available

Information about second hand smoke exposure were not comparable in PI2 and PI3, thus
only baseline value was taken into account.

In bold: statistically significant values.

183



Table 2. Current respiratory symptoms/diseases prevalence at P12 and PI3 (%)

P12 P13 p-value
Asthma 3.6 4.7 0.192
Attacks of asthma 2.7 7.9 <0.001
AR 11.4 36.7 <0.001
Usual phlegm 11.5 22.0 <0.001
Usual cough 14.7 20.1 <0.001
COPD 5.2 8.7 0.001
Atopy (n=987) 32.2 -
n 889 475
LLN AO 10.7 18.5 <0.001

AR: allergic rhinitis; COPD: chronic obstructive pulmonary disease; LLN AO: lower limit
of normal airway obstruction.
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Table 3. Longitudinal changes in disease phenotypes by PI2 general characteristics
(“o)

Improving | Persistent | Persistent | Persistent | Worsening | p-
HS HS AR CP HS value
(n=22) (n=578) (n=254) (n=100) (n=153)
Sex: 0.003
males 2.2 47.1 24.5 12.2 14.0
females 1.8 56.5 21.7 6.3 13.7
Group of age: 0.000
<44 yrs 1.6 54.8 271 3.4 13.1
> 44 yrs 2.4 49.5 18.8 14.8 14.6
BMI (Kg/m”) 0.002
groups:
obese 0.8 45.8 19.1 17.6 16.8
overweight 3.1 50.5 22.4 9.8 14.3
normal 14 55.0 24.3 6.5 12.8
Educational 0.172
level:
0-8 yrs 23 50.9 22.1 10.2 14.5
8-13 yrs 1.1 54.4 26.2 53 12.9
> 13 yrs 1.9 61.5 19.2 9.6 7.7
Area of 0.417
residence:
urban 1.6 49.7 23.6 10.5 14.7
suburban 23 54.0 22.5 8.1 13.2
Family 0.005
history of
respiratory
diseases:
yes 2.5 51.9 18.9 9.8 16.8
no 1.6 52.1 26.6 8.3 114
Family 0.087
history of
allergic
rhinitis:
yes 3.9 41.2 23.5 5.9 25.5
no 1.9 52.7 22.9 9.2 13.3

in italic: borderline values; in bold: statistically significant values.
BMI: body mass index; HS: health status; AR: allergic rhinitis; CP: usual cough/phlegm.
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Table 4. Longitudinal changes in disease phenotypes by longitudinal changes in risk

factors exposure (%)

Improving | Persistent | Persistent | Persistent | Worsening | p-
HS HS AR CP HS value
(n=22) (n=578) (n=254) (n=100) (n=153)
Smoking 0.000
habits:
incident 0.0 52.8 22.2 1.4 23.6
persistent 3.7 44.9 15.4 17.6 18.4
remittent for | 2.8 49.4 26.4 10.1 11.2
<18 yrs
remittent for | 1.1 51.8 21.3 12.4 13.5
> 18 yrs
never 2.1 55.8 25.1 5.0 12.1
Occupational 0.000
exposure:
incident 3.0 50.2 20.7 9.4 16.7
persistent 2.0 44.1 22.0 16.1 15.8
remittent 2.2 50.7 29.1 9.0 9.0
never 1.5 58.8 22.7 4.3 12.7
Vehicular 0.123
traffic
exposure:
incident 1.4 535 20.9 8.9 15.3
persistent 0.7 50.2 24.5 9.2 15.4
remittent 1.7 533 20.0 10.0 15.0
never 4.2 51.9 25.8 8.4 9.8

in bold: statistically significant values.
HS: health status; AR: allergic rhinitis; CP: usual cough/phlegm.
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Table 5. Longitudinal risk factors for longitudinal changes in disease phenotypes.

Results of the multinomial logistic regression analysis (OR and 95% CI) (a)

Improving HS

Persistent AR

Persistent CP

Worsening HS

Smoking
habits:
incident
persistent
remittent for
<18 yrs
remittent for
> 18 yrs
(ref: never)

2.73 (0.82-9.01)
1.60 (0.49-5.25)

0.46 (0.12-1.85)

1.00

0.77 (0.40-1.51)
0.68 (0.39-1.19)
1.07 (0.69-1.68)
0.85 (0.57-1.26)

1.00

0.57 (0.07-4.55)
5.92 (2.86-12.3)
2.27 (1.07-4.79)
1.79 (0.93-3.43)

1.00

2.16 (1.07-4.36)
1.95 (1.09-3.49)
0.96 (0.53-1.76)
1.07 (0.65-1.76)

1.00

Occupational
exposure:
incident
persistent
remittent
(ref: never)

2.39 (0.75-7.65)
1.22 (0.36-4.22)
1.28 (0.30-5.47)
1.00

1.03 (0.66-1.60)
1.21 (0.80-1.82)
1.60 (1.00-2.56)
1.00

2.63 (1.27-5.45)
3.51 (1.83-6.74)
1.73 (0.77-3.87)
1.00

1.46 (0.89-2.40)
1.43 (0.88-2.33)
0.74 (0.37-1.48)
1.00

Vehicular
traffic
exposure:
incident
persistent
remittent
(ref: never)

0.33 (0.12-0.94)
0.13 (0.03-0.62)
0.32 (0.07-1.59)
1.00

0.85 (0.58-1.25)
1.08 (0.71-1.63)
0.78 (0.45-1.36)
1.00

1.09 (0.60-1.98)
0.87 (0.45-1.69)
1.06 (0.47-2.40)
1.00

1.61 (0.97-2.65)
1.59 (0.92-2.75)
1.32 (0.67-2.61)
1.00

Reference category: persistent health status.
Adjusted for: age, sex, educational level, BMI, family history of respiratory diseases,
family history of allergic rhinitis at PI2.

in italic: borderline values; in bold: statistically significant values.
HS: health status; AR: allergic rhinitis; CP: usual cough/phlegm.
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Table 6. PI3 last 12 months health services use and daily activities limitations in

longitudinal disease phenotypes. Results of the multinomial logistic regression
analysis (OR and 95% CI) (b)

Improving | Persistent AR Persistent CP Worsening HS
HS
Physician visits | --- 0.90 (0.47-1.72) | 5.40 (2.87-10.17) | 4.78 (2.79-8.20)
(ref: no) 1.00 1.00 1.00
Specialist visits | --- 0.77 (0.36-1.64) | 2.08 (1.00-4.30) | 4.11 (2.32-7.28)
(ref: no) 1.00 1.00 1.00
Daily activities | ---
limitations 1.54 (0.69-3.41) | 0.62 (0.21-1.87) | 0.98 (0.44-2.21)
(ref: no) 1.00 1.00 1.00

Reference category: persistent health status.
Adjusted for: age, sex, educational level at PI3.
In bold: statistically significant values.

HS: health status; AR: allergic rhinitis; CP: usual cough/phlegm.
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Table 7. Longitudinal risk factors for longitudinal changes in disease phenotypes by

sex. Results of the multinomial logistic regression analysis (OR and 95% CI) (a)

Males

Females

DS PERS

HS WORS

DS PERS

HS WORS

Smoking
habits:
incident
persistent
remittent for
<18 yrs
remittent for
> 18 yrs
(ref: never)

1.55 (0.67-3.60)
1.69 (0.86-3.33)
1.90 (1.05-3.47)
1.35 (0.77-2.37)

1.00

3.85 (1.38-10.7)
2.05 (0.77-5.48)
1.99 (0.82-4.89)
1.87 (0.81-4.32)

1.00

0.68 (0.27-1.75)
1.01 (0.55-1.86)
0.84 (0.47-1.53)
0.87 (0.53-1.42)

1.00

0.52 (0.11-2.46)
1.73 (0.76-3.94)
0.49 (0.16-1.49)
0.91 (0.43-1.93)

1.00

Occupational
exposure:
incident
persistent
remittent
(ref: never)

0.89 (0.46-1.72)
1.24 (0.74-2.08)
1.04 (0.52-2.08)
1.00

1.30 (0.58-2.91)
0.98 (0.48-1.97)
0.63 (0.22-1.79)
1.00

1.51 (0.93-2.43)
1.80 (1.05-3.11)
1.71 (0.98-3.01)
1.00

1.30 (0.62-2.72)
1.61 (0.72-3.60)
1.18 (0.47-2.94)
1.00

Vehicular
traffic
exposure:
incident
persistent
remittent
(ref: never)

0.79 (0.49-1.30)
0.77 (0.44-1.34)
0.58 (0.29-1.15)
1.00

1.12 (0.58-2.18)
0.94 (0.44-2.02)
0.27 (0.07-0.99)
1.00

1.17 (0.72-1.90)
1.68 (1.00-2.80)
1.71 (0.86-3.40)
1.00

2.27 (0.97-5.32)
1.95 (0.77-4.92)
3.99 (1.43-11.2)
1.00

DS PERS: persistent disease status; HS WORS: worsening health status.

Reference category: persistent/improving health status.

Adjusted for: age, educational level, family history of respiratory diseases, family history
of allergic diseases at P12.

in italic: borderline values; in bold: statistically significant values.
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Figure 1. P12 phenotypes: symptom/disease frequency in longitudinal sample PI12/PI3
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Figure 2. PI3 phenotypes: symptom/disease frequency in longitudinal sample PI12/PI3

Phenotype A: Non atopic. healthy (54.2%0)
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Figure 3. Phenotypes transition plot from PI2 to PI3 survey in longitudinal sample

PI2/PI3

P12 P13

Non
atopic,
healthy

Non
atopic,
healthy

Atopic, AR
Atopic, AR

Non atopic,
Non atopic, ; usual cough/phlegm
usual cough/phlegm /

Atopic, 1 _ Atopic, asthma &
asthma & AR : cough/phlegm & AR

192



Figure 4a. Phenotypes transition plot in males from PI2 to PI3 survey in longitudinal

sample P12/PI3
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Figure 4b. Phenotypes transition plot in females from PI2 to PI3 survey in

longitudinal sample PI12/PI3

Atopic, AR
Non atopic,
usual cough/phlegm

Atopic,
asthma & AR

Non
atopic,
healthy

Atopic, AR

Non ataopic,
¥ usual cough/phlegm

5 Atopic, asthma & usual

cough/phlegm & AR

193



Supplemental material

Figure ela. Item-response probabilities in males at P12 survey in longitudinal sample

PI2/PI13
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Figure elb. Item-response probabilities in females at PI2 survey in longitudinal

sample PI12/PI3
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Figure e2a. Item-response probabilities in males at P13 survey in longitudinal sample

P12/P13

Phenotype A: Non atopic, healthy (49.3%)

100

%
80

60

40

20

>

Phenotype C: Non atopic, usual cough/phlegm (18.3%)

asthma

asthma att.

%

cough

phlegm

COFD

|

AR
atopy
AO

100
%
80 A
60 A
A
10 A X
A
20
A
0 A
s £ £ 2 Q .
gﬁmﬂ’ﬂ«%a?ﬂ
= £ 2 3 & 3 7
%é,aou =
e
<

Phenotype B: Atopic, AR (23.5%)

100 A
%
80
60
40 ‘
20
A A
< = 2o P
g 5 2 &E %822
= £ 5 @ =2
7 o= o L =
L =

asthia att.

Phenotype D: Atopic. asthma & usual cougl/phlegm & AR (8.9%)

100 A
%
80
60 A
A
40 A A
A A
0 A
0
s £ 2 F 2 o = O©
£ &
2 ¥ z08 g *
E@éauu =
[~

196



Figure e2b. Item-response probabilities in females at PI3 survey in longitudinal

sample PI12/PI3
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Table el. Descriptive characteristics and risk factors exposure at PI2 and PI3 in

longitudinal sample PI12/PI3 by sex (%)

P12 PI3
Males Females p- Males Females | p-
value value

N 507 600 507 600
Age (meantSD) | 41.1£17.2 | 43.3+15.5 | 0.028 | 58.9+17.1 | 61.1+x15.4 | 0.024
BMI (Kg/m”) 0.000 0.001
groups:
obese 9.9 13.5 25.2 28.0
overweight 45.4 31.7 50.8 37.5
normal 44.8 54.8 23.9 34.6
Educational level: 0.327 0.000
0-8 yrs 69.6 73.2 54.4 65.7
8-13 yrs 25.8 22.0 34.5 21.2
> 13 yrs 4.5 4.8 11.0 13.2
Residence area: 0.840 0.840
urban 40.2 40.8 40.2 40.8
suburban 59.8 59.2 59.8 59.2
Smoking habits: 0.000 0.000
smokers 28.6 21.3 21.9 16.2
ex smokers 38.5 20.2 49.7 23.3
non smokers 32.9 58.5 28.4 60.5
Occupational 0.000 0.000
exposure:
yes 55.6 26.0 59.2 34.5
no 44.4 74.0 40.8 65.5
Vehicular traffic 0.391 0.032
exposure:
yes 34.2 36.7 59.8 66.0
no 65.8 63.3 40.2 34.0
Family history of 0.106 | n.a. n.a.
respiratory
diseases:
yes 44.6 49.5
no 55.4 50.5
Family history of 0.334 | n.a. n.a.
allergic rhinitis:
yes 3.9 5.2
no 96.1 94.8

SD: standard deviation; BMI: body mass index; AR: allergic rhinitis; n.a. not available.
in italic: borderline values; in bold: statistically significant values.
198



Table e2. Respiratory symptoms/diseases at PI2 and PI3 in longitudinal sample

PI12/PI3 by sex (%)
PI2 PI3

Males | Females | p-value | Males | Females | p-value
Asthma diagnosis | 3.7 3.5 0.826 4.4 5.0 0.607
Asthma attacks 3.0 2.5 0.640 8.5 7.3 0.479
Allergic rhinitis 10.3 12.3 0.278 36.2 37.2 0.731
Usual phlegm 15.0 |85 0.001 26.6 18.2 0.001
Usual cough 15.8 13.8 0.363 18.7 21.3 0.283
COPD 8.5 2.5 0.000 11.7 6.2 0.001
n 467 520
Atopy 33.8 | 30.8 0.304 - - -
n 443 446 226 249
LLN AO 10.2 11.2 0.611 19.9 17.3 0.459

in bold: statistically significant values.

COPD: chronic obstructive pulmonary disease; LLN AO: lower limit of normal airway

obstruction.
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Table e3. Longitudinal changes in disease phenotypes from PI2 to PI3 by PI2 general

characteristics and risk factors exposure by sex (%)

Males Females
HS DS HS p- HS DS HS p-
PERS/ | PERS | WORS | value | PERS/ | PERS WORS | value
IMPR | (n=182) | (n=73) IMPR | (n=188) | (n=60)
(n=252) (n=352)
Age 0.474 0.405
group:
<44 yrs 52.2 343 13.4 61.4 29.7 9.0
> 44 yrs 46.9 37.7 15.5 56.1 32.9 11.0
BMI 0.465 0.138
(Kg/m®)
groups:
obese 40.0 42.0 18.0 49.4 37.0 13.6
over- 48.3 37.8 13.9 61.1 26.8 12.1
weight
normal/ 533 32.6 14.1 59.6 32.5 7.9
under-
weight
Education 0.194 0.600
al level:
0-8 yrs 49.0 36.0 15.0 56.9 32.3 10.7
8-13 yrs 47.3 38.2 14.5 64.4 27.3 8.3
> 13 yrs 73.9 21.7 4.3 58.6 34.5 6.9
Area of 0.421 0.272
residence:
urban 46.6 39.2 14.2 56.7 34.7 8.6
suburban | 51.8 33.7 14.5 60.0 29.0 11.0
Family 0.050 0.276
history of
respiratory
diseases:
yes 48.0 33.2 18.8 59.7 28.8 11.5
no 50.5 38.3 11.2 57.5 33.9 8.6
Family 0.828 0.066
history of
AR:
yes 50.0 40.0 10.0 38.7 45.2 16.1
no 49.7 35.7 14.6 59.8 30.6 9.7

BMI: body mass index; HS PERS/IMPR: persistent/improving health status; DS PERS:

persistent disease status; HS WORS: worsening health status; AR: allergi rhinitis.
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Table e4. Longitudinal changes in disease phenotypes from PI2 to PI3 by longitudinal

changes in risk factors exposure by sex (%)

Males Females
HS DS HS p- HS DS HS p-
PERS/ | PERS | WORS | value | PERS/ | PERS | WORS | value
IMPR IMPR
Smoking 0.186 0.629
habits:
incident 43.2 31.8 25.0 67.9 250 |7.1
persistent 46.3 38.8 14.9 52.2 31.9 15.9
remittent 453 40.6 14.2 63.9 306 | 5.6
for < 18 yrs
remittent 48.2 36.5 15.3 60.7 29.5 9.8
for > 18 yrs
never 60.0 30.8 9.2 57.4 32.6 10.0
Occupation 0.497 0.122
al exposure
(%):
incident 51.3 30.0 18.8 553 34.1 10.6
persistent 45.9 40.0 14.1 48.8 38.1 13.1
remittent 54.8 35.5 9.7 514 38.9 9.7
never 52.4 33.1 14.5 64.2 26.8 9.0
Vehicular 0.216 0.023
traffic
exposure
(%):
incident 49.2 33.7 17.1 61.1 28.0 10.9
persistent 49.1 35.3 15.5 52.2 38.2 9.6
remittent 63.2 31.6 53 47.6 34.9 17.5
never 45.9 40.4 13.7 66.7 277 |57

HS PERS/IMPR: persistent/improving health status; DS PERS: persistent disease status;
HS WORS: worsening health status.
in italic: borderline values; in bold: statistically significant values.
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Table eS. PI3 last 12 months health services use and daily activities limitations in
longitudinal disease phenotypes by sex. Results of the multinomial logistic regression
analysis (OR and 95% CI) (b)

Males Females
DS PERS HS WORS DS PERS HS WORS

Physician 2.41 (1.11-5.21) | 3.87 (1.60-9.39) | 2.10 (1.14-3.90) | 5.06 (2.31-11.06)
visits 1.00 1.00 1.00 1.00
(ref: no)
Specialist 1.34 (0.61-2.95) | 4.60 (2.01-10.5) | 1.23 (0.51-2.95) | 5.16 (2.09-12.74)
visits 1.00 1.00 1.00 1.00
(ref: no)
Daily
activities 1.46 (0.50-4.26) | 0.15 (0.02-1.42) | 0.76 (0.28-2.04) | 2.66 (0.98-7.19)
limitations | 1.00 1.00 1.00 1.00
(ref: no)
Hospital 0.47 (0.13-1.68) | 0.41 (0.09-1.92) | 0.81 (0.19-3.39) | 1.54 (0.32-7.53)
(ref: no) 1.00 1.00 1.00 1.00

DS PERS: persistent disease status; HS WORS: worsening health status.
Reference category: persistent/improving health status.
Adjusted for: age, educational level at P13.
in italic: borderline values; in bold: statistically significant values.
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