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Abstract

Background: Only few longitudinal studies on the course of asthma among adults have been carried out.

Objective: The aim of the present prospective study, carried out between 2000 and 2009 in Italy, is to assess asthma
remission and control in adults with asthma, as well as their determinants.

Methods: All the subjects with current asthma (21–47 years) identified in 2000 in the Italian Study on Asthma in Young
Adults in 6 Italian centres were followed up. Asthma remission was assessed at follow-up in 2008–2009 (n = 214), asthma
control at baseline and follow-up. Asthma remission and control were related to potential determinants by a binomial
logistic and a multinomial logistic model. Separate models for remission were used for men and women.

Results: The estimate of the proportion of subjects who were in remission was 29.7% (95%CI: 14.4%;44.9%). Men who were
not under control at baseline had a very low probability of being in remission at follow-up (OR = 0.06; 95%CI:0.01;0.33) when
compared to women (OR = 0.40; 95%CI:0.17;0.94). The estimates of the proportion of subjects who were under control,
partial control or who were not under control in our sample were 26.3% (95%CI: 21.2;31.3%), 51.6% (95%CI: 44.6;58.7%) and
22.1% (95%CI: 16.6;27.6%), respectively. Female gender, increasing age, the presence of chronic cough and phlegm and
partial or absent asthma control at baseline increased the risk of uncontrolled asthma at follow-up.

Conclusion: Asthma remission was achieved in nearly 1/3 of the subjects with active asthma in the Italian adult population,
whereas the proportion of the subjects with controlled asthma among the remaining subjects was still low.
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Introduction

Asthma is a major chronic respiratory disease [1] whose

prevalence is still on the increase in Italy [2]. Unlike most chronic

diseases, which start in adulthood and tend to progress over time,

asthma may develop at any age and remittance is relatively

common [3], especially during adolescence [4]. However, only few

studies on the course of asthma among adults [5–7] have been

carried out.

Progress in asthma treatment has reduced the symptoms of

asthma and the frequency of severe life–threatening exacerbations

of the disease. Asthma is now a treatable disease, but it is not

curable. At present, most discussions on asthma treatment goals

revolve around disease control [8,9], and little attention is paid to

remission as an achievable therapeutic goal [10].

Detecting the factors related to asthma remission or control could

have clinical and public health implications. Few longitudinal

studies have focused on these implications and many of them have

been limited to short follow-up studies [11,12,6].

The aim of the present prospective study, carried out between

2000 and 2009 in Italy, was to assess asthma remission and control

in adult subjects with asthma and their determinants.

Methods

Study design
A screening questionnaire investigating the presence of respi-

ratory symptoms and asthma management was sent to random

samples of people aged 20–44 years at the time of recruitment, in

the frame of the Italian Study on Asthma in Young Adults

(ISAYA) carried out between 1998 and 2000 [5,13].

All the subjects in the 6 Italian centres (Verona, Torino, Pavia,

Sassuolo, Pisa, Sassari), who reported current asthma at the
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screening questionnaire (self-reported physician’s diagnosis of

asthma and at least one asthma attack in the last 12 months

and/or current use of anti-asthma drugs), between April and June

2000, were invited to participate in a phone interview aimed at

collecting information on symptoms and treatment [14]. Out of

the 458 eligible subjects with current asthma at the postal survey,

354 (77.3%) subjects participated in the telephone survey. These

subjects were re-surveyed by telephone or in a face to face

interview between 2008 and 2009, and 214 subjects (response rate:

60.4%) participated in the follow-up.

Ethics approval
Local ethics committees at each center approved the local study

protocols and the follow-up study was approved by the ethic

committee of the University of Pavia.

Definition of asthma remission
Remission was defined as no current use of asthma medication,

no asthma-like symptoms (wheezing, tightness in the chest,

shortness of breath) and no asthma attacks in the last 12 months,

as reported by the subjects at follow-up.

Definition of asthma control
Asthma control was defined by using a customized version of

the asthma control definition provided in the Global Initiative for

Asthma (GINA) guidelines [15,16]. The definition of asthma

control was mainly based on the frequency of diurnal and

nocturnal symptoms, the limitations in daily activities and the need

for reliever/rescue treatment. According to this definition, asthma

was considered to be controlled if all the following features were

present: diurnal symptoms less than once a week and no asthma

attacks in the last 3 months, no activity limitations in the last

12 months, no nocturnal symptoms in the last 3 months, short-

acting b2-agonists twice or less per week in the last 3 months and

no use of oral steroids in the last 12 months. Asthma was

considered to be partly controlled if 1 or 2 of the above features

were absent. Asthma was considered to be uncontrolled if more

than 2 features were absent or if asthma, shortness of breath, or

wheezing had caused hospital/emergency department admissions

in the last 12 months; oral steroids were used in short courses or

continuously in the last 3 months; or the subject had more than 12

asthma attacks in the last 3 months.

Information on lung function was not available.

Classification of treatment
Treatment was classified in one of five steps according to the

average daily dose of inhaled corticosteroids (ICS) based on the

last 3 months [17]:

STEP 1: As needed short-acting b2-agonist;

STEP 2: Sustained release theophylline OR Leukotriene

modifier OR budesonide ,400 mg (low-dose) OR an equipotent

dose of other ICS;

STEP 3: Budesonide , = 400 mg or an equipotent dose of

other ICS plus long-acting b2-agonist OR

Budesonide , = 400 mg or an equipotent dose of other ICS plus

leukotriene modifier OR

Budesonide , = 400 mg or an equipotent dose of other ICS plus

sustained release theophylline OR

Budesonide .400 mg (medium or high dose) or an equipotent

dose of other ICS;

STEP 4: Budesonide .400 mg or an equipotent dose of other

ICS plus long-acting b2-agonist OR

Budesonide .400 mg or an equipotent dose of other ICS plus

leukotriene modifier OR

Budesonide .400 mg or an equipotent dose of other ICS plus

sustained release theophylline;

STEP 5: Oral corticosteroids or Anti-IgE treatment

The equipotent doses of other ICS – beclomethasone dipropi-

onate, flunisolide, fluticasone, mometasone, ciclesonide and

triamcinolone – were the ones reported in the GINA guidelines

[17].

Statistical analysis
Data were summarized as means with standard deviations (s.d.),

or as medians with interquartile ranges (IQRs), when appropriate,

for continuous variables and as percentages for categorical

variables. Comparison of variables across strata was performed

by using the x2 test for categorical variables and the t-test or the

Wilcoxon test for continuous variables. The conventional 5% level

of statistical significance was used.

We addressed the problem of unit non-response by the

assignment of statistical weights to the participants [18,19]. First,

we fitted a logistic stepwise regression model (backward approach)

to all the participants at baseline, the resulting fitted model was

then used to predict a response propensity for each respondent,

and the inverse of the predicted response propensity was the

nonresponse adjustment associated with each respondent. The

significance level for removal from the stepwise model was 0.20

and the variables included in the final model were smoking habits,

asthma attacks in the last 12 months, allergic rhinitis and hospital

or emergency department admissions because of asthma, shortness

of breath, or wheezing in the last 12 months. Age, gender, age at

asthma onset, current asthma drug use, asthma-like symptoms in

the last 12 months, chronic cough and phlegm, activity limitations

in the last 12 months were excluded from the final model. We

trimmed the upper 5% of our weights to control for a possible

large variation of the weights (to 2.233) [20,21].

To identify the factors associated with asthma remission, a

logistic regression model was fitted to the data, using a dummy

indicator as the dependent variable (presence/absence of remis-

sion at follow-up). The logistic regression model was weighted by

using the mentioned non-response adjustment. We assessed the

association between several determinants (gender, smoking habits,

allergic rhinitis, age, age at asthma onset, ICS use in the last

3 months) measured at baseline and asthma remission at follow-

up, adjusting for the effect of the type of survey (telephone/face to

face). Moreover, we assessed the interactions between gender and

the other covariates, and the presence of interactions was assessed

using the Wald test. The interactions between gender and smoking

habits (p for the interaction = 0.023), gender and control at

baseline (p = 0.003) and gender and age at asthma onset

(p = 0.023) were statistically significant. The complete model

included the significant interaction terms, and 2 separate models

were used for men and women. Multivariate associations of

potential determinants with asthma remission were expressed by

odds ratios (OR) and their 95% Confidence Intervals (95%CIs).

To identify the factors associated with asthma control, a

multinomial regression model was fitted to the data, using a 3-level

dependent variable (controlled, partially controlled and uncon-

trolled asthma at follow-up). The multinomial regression model

was weighted by using the inverse of the predicted response

propensity. Multivariate associations of potential determinants

with asthma control were expressed by relative risk ratios (RRRs;

using controlled asthma as the reference category) and their

95%CIs.

A Follow-Up Study on Asthma Remission and Control
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The multivariate models identified centers as clustering factors,

and the Huber/White sandwich estimate of variance was used to

adjust for within-center correlation [22].

The statistical analyses were performed using STATA software,

release 12.0 (StataCorp, College Station, TX, USA).

Results

Participants and non participants
Gender, age and smoking habits were not significantly different

between subjects who did participate in the follow-up and subjects

who did not (Table 1). Participants and non participants did not

differ with regard to asthma-like symptoms in the previous

12 months, current asthma drug use, chronic cough and phlegm,

activity limitations in the last 12 months and hospital/emergency

department admissions because of asthma, shortness of breath, or

wheezing in the last 12 months, as reported at baseline. Subjects

participating in the follow-up were significantly more likely to

report allergic rhinitis (76.2%), with respect to subjects who did not

participate (65.5%) (p = 0.029). Furthermore, they were signifi-

cantly less likely to report asthma attacks in the last 12 months

(79.0%), with respect to subjects who did not participate (90.0%)

(p = 0.006).

Asthma remission and its determinants
Asthma remission could not be defined for 4 subjects at follow-

up due to missing information on current asthma drug use, asthma

symptoms or attacks in the last 12 months. After adjusting for non-

response and for the effect of covariates, the estimate of the

proportion of subjects who were in remission was 29.7% (95%CI:

14.4%;44.9%). A regression model for remission at follow-up was

estimated separately for men and women (Table 2 and 3). The

direction of the association between asthma control at baseline and

remission was consistent in men and women, but men who were

not under control at baseline had a very low probability of being in

remission at follow-up (OR = 0.06; 95%CI:0.01;0.33, Table 2)

when compared to women (OR = 0.40; 95%CI:0.17;0.94,

Table 3). Age at asthma onset was not significantly associated

with remission in men (OR = 1.02; 95%CI:0.96;1.08, Table 2);

whereas, in the case of women, as age at onset of the disease

increased, the likelihood of being in remission at follow-up

increased (OR = 1.07; 95%CI:1.00;1.14, Table 3).

Smoking was associated with asthma remission in women (p for

the overall association,0.0001, Table 3), but not in men

(p = 0.5896, Table 2).

GINA-based asthma control in subjects with active
asthma

Sufficient data to define asthma control at baseline were

available for 147 subjects with active asthma at follow-up: 41

(27.9%) of them had controlled, 60 (40.8%) partially controlled

and 46 (31.3%) uncontrolled asthma.

Asthma control was defined for 138 subjects with active asthma

at follow-up: 38 (27.5%) of them had controlled, 69 (50.0%)

partially controlled and 31 (22.5%) uncontrolled asthma.

The distribution of asthma control at follow-up was significantly

associated with asthma control at baseline (p = 0.016) (Figure 1):

the percentage of subjects with uncontrolled asthma at follow-up

was higher for subjects with uncontrolled (31%) or partially

Table 1. Main baseline characteristics of the subjects participating and not participating in the follow-up survey.

Non participants Participants
All subjects at
baseline p-value

n = 140 n = 214 n = 354

Mean age (years), (sd) 33.2 (7.0) 34.2 (7.5) 33.8 (7.3) 0.242

Gender (%) 0.577

Male 49.3 46.3 47.5

Female 50.7 53.7 52.5

Smoking habits (%) 0.125

Non smoker 42.9 48.6 46.3

Ex-smoker 16.4 21.0 19.2

Current smoker 40.7 30.4 34.5

Age at onset of asthma (years), median 14.0 13.0 14.0 0.738

Age at onset of asthma (IQR*) (5.0–25.0) (6.0–22.0) (6.0–24.0)

Asthma attacks in the last 12 months (%) 90.0 79.0 83.3 0.006

Current asthma drug use (%) 66.4 69.2 68.1 0.590

Asthma-like symptoms (wheezing, tightness, shortness of
breath) in the last 12 months (%)

84.9 87.8 86.7 0.434

Chronic cough and phlegm (%) 33.1 33.3 33.2 0.963

Allergic rhinitis (%) 65.5 76.2 71.9 0.029

Lost work days in the last 12 months (%) 18.3 14.8 16.2 0.408

Impaired days in the last 12 months (%) 22.2 19.4 20.5 0.531

Hospital or emergency department admissions because
of asthma, shortness of breath, or wheezing in the last 12 months (%)

10.4 5.6 7.4 0.099

*IQR, Interquartile Range: (1st quartile–3rd quartile).
P-values refer to the comparison between non participants and participants.
doi:10.1371/journal.pone.0086956.t001

A Follow-Up Study on Asthma Remission and Control
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controlled (20%) compared to subjects with controlled (16%)

asthma at baseline. The percentage of subjects with controlled

asthma at follow-up was higher for subjects with controlled (45%)

as compared to subjects with partially controlled (30%) or

uncontrolled (11%) asthma at baseline. It is noteworthy to

mention that for more than 50% of the subjects who had

controlled asthma at baseline, asthma was no longer under control

at follow-up.

Table 2. Main baseline characteristics of the men with non remittent asthma and with remittent asthma at follow-up and adjusted
Odds Ratios* (CI95%) for the effects of these variables reported at baseline on asthma remission at follow-up.

Non remittent
asthma

Remittent
asthma Unadjusted p-value Adjusted OR* (CI95%)

n = 68 n = 28

Age at baseline (years), mean(sd) 33.4 (7.8) 33.2 (6.9) 0.893 0.95 (0.88,1.02)

Smoking habits (%)£ 0.772

Non smoker 42.6 46.4 1.00

Ex-smoker 20.6 14.3 1.18 (0.15;9.25)

Current smoker 36.8 39.3 0.85 (0.22;3.25)

Age at onset of asthma (years), median 10 10 0.842 1.02 (0.96;1.08)

Age at onset of asthma (years), (IQR)1 (6–16) (5–20)

ICS use in the last 3 mo. at baseline (%) 43.9 11.1 0.002 0.36 (0.08;1.58)

Asthma control at baseline (%)` ,0.001

Total control 23.5 75.0 1.00

Partial control 53.0 21.4 0.16 (0.07;0.62)

No control 23.5 3.6 0.06 (0.01;0.33)

Allergic rhinitis (%) 82.4 71.4 0.231 0.56 (0.11;2.91)

*Also adjusted for the type of interview (telephone vs face to face).
£ Overall adjusted p-value for smoking = 0.5896.
1IQR, Interquartile Range: (1st quartile–3rd quartile).
`Overall adjusted p-value for asthma control at baseline ,0.0001.
Significant unadjusted p-value and adjusted OR (p,0.05) are reported in bold.
doi:10.1371/journal.pone.0086956.t002

Table 3. Main baseline characteristics of the women with non remittent asthma and with remittent asthma at follow-up and
adjusted Odds Ratios* (CI95%) for the effects of these variables reported at baseline on asthma remission at follow-up.

Non remittent
asthma

Remittent
asthma

Unadjusted
p-value Adjusted OR* (CI95%)

n = 81 n = 33

Age at baseline (years), mean(sd) 34.6 (6.9) 35.9 (8.5) 0.431 1.00 (0.94;1.06)

Smoking habits (%)£ 0.452

Non smoker 54.3 48.5 1.0

Ex-smoker 23.5 18.2 0.39 (0.03;5.66)

Current smoker 22.2 33.3 3.82 (0.56;26.27)

Age at onset of asthma (years), median 14 19.5 0.027 1.07 (1.00;1.14)

Age at onset of asthma (years), (IQR)1 (5–25) (12–31.5)

ICS use in the last 3 mo. at baseline (%) 39.2 21.98 0.081 0.53 (0.27;1.06)

Asthma control at baseline (%)` 0.425

Total control 31.6 37.5 1.00

Partial control 30.4 37.5 0.71 (0.20;2.47)

No control 38.0 25.0 0.40 (0.17;0.94)

Allergic rhinitis (%) 72.8 72.7 0.990 1.49 (0.78;2.85)

*Also adjusted for the type of interview (telephone vs face to face).
£ Overall adjusted p-value for smoking ,0.0001.
1IQR, Interquartile Range: (1st quartile–3rd quartile).
`Overall adjusted p-value for asthma control at baseline = 0.0791.
Significant unadjusted p-value and adjusted OR (p,0.05) are reported in bold.
doi:10.1371/journal.pone.0086956.t003
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After adjusting for non-response and for the effect of covariates,

the estimates of the proportion of subjects who were under control,

partial control or who were not under control were 26.3%

(95%CI: 21.2%;31.3%), 51.6% (95%CI: 44.6%;58.7%) and

22.1% (95%CI: 16.6%;27.6%), respectively.

Determinants of asthma control at follow up
At follow-up, women were more likely to have partially

controlled (OR = 4.87; 95%CI:2.66,8.93) or uncontrolled asthma

(OR = 4.28; 95%CI:1.94,9.42) than controlled asthma with

respect to men. Increasing age, the presence of chronic cough

and phlegm and partial or absent asthma control at baseline

increased the risk of uncontrolled asthma at follow-up (Table 4).

Asthma control and asthma management at follow-up
At follow-up, the percentage of subjects who were not on

controller therapy, i.e. who were using at most short-acting b2-

agonists when needed, was 68%, 58% and 42% in subjects with

controlled, partially controlled and uncontrolled asthma, respec-

tively (Figure 2).

Discussion

Asthma remission and its determinants
It has been reported that remission prevalence in follow-up

studies in adults with asthma range from 5 to 40%, depending on

the period of follow-up and the definition of remission [10]. There

are only few population-based longitudinal studies on asthma

remission in adults [5–7,11,12]. In the present prospective

longitudinal study, we estimated that nearly 1/3 (29.7%) of the

subjects with current asthma sampled from the Italian adult

population aged 20–44 years recover from their asthma after

about 10 years. In a postal survey with a similar follow-up period

and remission definition, Ekerljung and colleagues found that the

10-year remission was 14.6% in subjects with asthma aged 20–

69 years [7]. The difference with respect to our study, could be

due to the different age range of the studied population, as there is

evidence that the remission rate decreases with increasing age

[23].

In contrast to other chronic inflammatory diseases, such as

rheumatoid arthritis, there is no clear consensus on what

constitutes remission of asthma [10]. In most publications, asthma

remission is defined as the absence of asthma symptoms without

current pharmacological therapy for a prolonged period of time

[6,24–26], although normal lung function and no airway

hyperresponsiveness are sometimes included in the definition of

asthma remission [27]. If the absence of symptoms is central to the

definition of remission, it is very important to establish how long

the symptoms should be absent. In the present study, we have

defined asthma remission as the absence of asthma symptoms and

of the use of asthma medicines in the last 12 months. It could be

argued that this period is too short to unambiguously identify the

occurrence of asthma remission. However, other investigators used

the same time frame [7,11,12,25], and a longer period could raise

the problem of recall bias. One year without symptoms has been

accepted as the minimum, given the frequent seasonal variability

of asthma, but the different observation period chosen in other

studies can be responsible, at least in part, for the different results

[6]. On the other hand, we cannot exclude that the short time

interval we took into consideration to assess asthma remission

could have led to an overestimation of the proportion of subjects

with asthma in remission at follow-up.

To our knowledge, no studies have assessed the relationship

between asthma control, as defined by the GINA guidelines and

measured at baseline, and asthma remission at follow-up. Previous

studies have noted that markers of asthma control like the presence

and the frequency of most respiratory symptoms were correlated

with the persistence of asthma, suggesting that subjects with a mild

form of the disease are more likely to experience asthma remission

[6,11,12,23]. In this study, the lack of asthma control as defined by

the GINA guidelines at baseline was associated with the

persistence of asthma but we found that gender modified this

relationship: men who were not under control at baseline had a

very low probability of being in remission at follow-up when

compared to women.

Previous studies found early onset asthma to be more likely to

remit than later onset asthma [28,29]. In our study, we found a

differential effect of gender on the association between age at onset

and asthma. As the age at onset of the disease increased, the

likelihood of women being in remission at follow-up increased.

It is well known that the relationship between smoking habits

and asthma remission is not clear. Some evidence has been found

that quitting smoking favours the remission of asthma [6,12]. On

the contrary, also a direct association between smoking and

remission has been documented and has been associated to the

‘healthy smoker’ effect, meaning that those subjects with more

susceptible airways do not take up smoking or quit early [26,28].

In our study, we found a differential effect of gender on the

association between smoking habits and asthma. In particular,

smoking was not associated with asthma remission in men,

whereas in the case of women the ‘healthy smoker’ effect was

manifest.

Asthma remission and asthma control
Recently, it has been argued that asthma remission rather than

control should be regarded as the true goal of treatment [10]. A

few studies have considered the natural history and the remission

of asthma over very long periods, even as long as 2 or 3 decades or

more [23,24,26,28], but the majority of the studies on asthma

control were cross-sectional studies [16,30–32] or clinical studies

Figure 1. Distribution of GINA-based asthma control at follow-
up according to GINA-based asthma control measured at
baseline. The percentage of subjects in each category of GINA-based
asthma control at follow up is reported inside histograms. The numbers
of subjects with controlled, partially controlled and uncontrolled
asthma at baseline are different from those reported in the result
section due to missing data on control at follow-up.
doi:10.1371/journal.pone.0086956.g001

A Follow-Up Study on Asthma Remission and Control
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Table 4. Adjusted RRRs* (CI95%) for the effects of several variables reported at baseline or at follow-up on asthma control (partial
control or no control) at follow-up, in subjects with non remittent asthma (n = 127).

Partial control No control

RRR CI95% RRR CI95%

Age (years) 1.00 0.93;1.08 1.04 1.02;1.05

Gender Male 1.00 1.00

Female 4.87 2.66;8.93 4.28 1.94;9.42

Smoking habits at baseline No smoker 1.00 1.00

Ex-smoker 0.85 0.14;5.02 1.31 0.32;5.31

Current smoker 2.40 0.72;7.95 1.64 0.75;3.58

Age at onset of asthma (years) at
baseline

1.05 0.99;1.11 1.01 0.94;1.09

Asthma control at baseline Total control 1.00 1.00

Partial control 1.79 0.81;3.96 2.66 1.00;7.05

No control 3.83 1.01;14.51 7.67 3.47;16.95

Allergic rhinitis No 1.00 1.00

Yes 0.57 0.11;3.07 2.85 0.17;46.61

Chronic cough and phlegm No 1.00 1.00

Yes 1.35 0.73;2.47 2.96 1.63;5.37

ICS use in the last 3 months at
baseline

No 1.00 1.00

Yes 4.30 0.79;23.52 2.31 0.35;15.54

ICS use in the last 3 months at
follow-up

No 1.00 1.00

Yes 0.57 0.30;1.06 0.46 0.10;2.08

The reference category is control.
*RRRs were obtained through a multinomial logistic regression model with the controlled group as the reference category. RRRs were also adjusted for the type of
interview (telephone vs face to face).
RRRs significantly different from 1 are reported in bold (p,0.05).
doi:10.1371/journal.pone.0086956.t004

Figure 2. Distribution of treatment step* according to GINA classification in subjects with controlled asthma, partially controlled
asthma and uncontrolled asthma, at follow-up. * STEP 1: As needed short-acting b2-agonist; STEP 2: Sustained release theophylline OR
Leukotriene modifier OR Low-dose Inhaled Corticosteroids (ICS); STEP 3: Low-dose ICS plus long-acting b2-agonist OR Low-dose ICS plus leukotriene
modifier OR Low-dose ICS plus sustained release theophylline OR Medium or high dose ICS; STEP 4: Medium or high dose ICS plus long-acting b2-
agonist OR Medium or high dose ICS plus leukotriene modifier OR Medium or high dose ICS plus sustained release theophylline; STEP 5: Oral
corticosteroids or Anti-IgE treatment.
doi:10.1371/journal.pone.0086956.g002

A Follow-Up Study on Asthma Remission and Control
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[8] conducted over short time intervals, so the information

available on the long-term control of asthma is scarce.

In agreement with previous studies, we found that the subjects

with controlled asthma at baseline were more likely to have

controlled asthma at follow-up. Combescure et al. have found that

patients with severe asthma had difficulty in leaving unacceptable

control [33]. Our data, according to the study of Koster et al [34],

consider a much longer time interval with respect to this study,

and indicate a certain instability in asthma control.

Determinants of asthma control
It has already been reported in cross-sectional and/or clinical

studies that women have less controlled [13,35] and more severe

[36] asthma, greater bronchial responsiveness [37], use more

healthcare services [38] and have a poorer health-related quality

of life [39] than men with asthma. Our study supplements this

evidence by showing that, after adjusting for asthma control at

baseline, female gender is an independent predictor of worse

asthma control 9 years later.

Current smoking has been found to be associated with

uncontrolled asthma [40], but we did not find a significant

association between smoking habits at baseline and asthma control

nine years later. We found that smoking habits were associated

with asthma control at baseline, suggesting a higher level of

asthma control in non-smokers compared to ex- and current

smokers (data not shown). This is likely to be the reason why, after

controlling for asthma control at baseline, smoking is no longer

associated with asthma control at follow-up.

In our study, subjects with chronic cough and phlegm at

baseline were more likely to have uncontrolled asthma nine years

later than subjects without chronic cough and phlegm at baseline,

regardless of smoking. A positive association between chronic

cough and phlegm and uncontrolled asthma has been previously

reported in cross-sectional studies [16,35].

Rhinitis has been shown to be associated with the lack of asthma

control [41]. We did not find a significant association between

rhinitis at baseline and asthma control 9 years later, probably due

to our incomplete diagnosis of allergic rhinitis.

Asthma treatment and control
We found that a considerable part of the subjects with partially

controlled or uncontrolled asthma at follow-up (58% and 42%,

respectively) was not following a therapy aimed at keeping asthma

under control: such large proportions of subjects with partially

controlled or uncontrolled asthma who were not using anti-

inflammatory drugs raise some concern. This evidence is

supported from the results of an Italian study, where the authors

found that Italian general practitioners did not use ICS to treat a

large number of patients with persistent asthma [42]. Nevertheless,

even a poor adherence to the GINA guidelines in asthma patients

must be taken into account [43].

Limitations of the study
Some caveats should be considered in the interpretation of our

results because of the impossibility to assess the level of the control

of asthma through objective measures, as the baseline and follow-

up surveys were based on telephone interviews [14]. Control refers

to the control of the manifestations of asthma at a multidimen-

sional level [44]. However, it is noteworthy to consider that the

assessment of lung function could only have led to a worsening of

asthma control. In fact, if a subject had had a normal lung

function, his/her level of asthma control would have been

dependent on the other markers of control used in the definition

and so it would have remained unchanged. Otherwise, if a subject

had had reduced lung function, his/her level of control could have

remained unchanged or could have been worse. Lung function

assessment is also important in the definition of remission. A more

stringent definition of asthma remission could require not only a

prolonged absence of symptoms, but also an objective demonstra-

tion of normal airway function and responsiveness [27]. Another

limitation of the study is related to the definition of allergic rhinitis,

as allergological tests were not available.

Strengths of the study
To our knowledge, this is one of the few cohort studies

evaluating asthma control according to the GINA classification

over a nine-year period in a relatively large, random sample of

subjects with current asthma in Italy. Furthermore, we had the

opportunity to simultaneously evaluate changes in asthma control

and asthma remission. Unlike the studies carried out on hospital

patients or outpatients, this study was based on subjects with

asthma sampled from the general population. Therefore, even

subjects with mild forms of the disease could have been included in

the survey.

Conclusion

In conclusion, in the present study we found that nearly 1/3

(29.7%) of the subjects with current asthma sampled from the

Italian adult population aged 20–44 years had recovered from

their asthma after about 10 years, whereas only 26.3% of the

subjects with active asthma showed controlled asthma. Asthma

control at baseline seems to be an important predictor of asthma

remission and asthma control at follow up.

Clinical asthma control is highly relevant at individual and

societal levels, and measures of control (which to some extent

reflect severity) are related to remission probability.
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