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Abstract

Objectives: To describe the use and outcomes of non-invasive positive pressure ventilation
(NPPV) and invasive ventilation (IV) in adults hospitalized for acute asthma exacerbations in
Portugal. Methods: We analyzed the hospitalizations of adults with a principal diagnosis
of asthma in mainland Portugal between 2000 and 2010. The data source was the national
hospitalizations database, which includes administrative and clinical data produced by
physicians trained in coding. Results: Ventilation support was used in 5.1% (n¼ 747) of the
14 515 hospitalizations with a principal diagnosis of asthma: NPPV in 1.7% (n¼ 241) and IV
in 3.5% (n¼ 506); NPPV use increased from 1% in 2000 to 3.3% in 2010. In patients with asthma,
the ratio of NPPV use to IV use increased from 0.27 to 1.06. This increase was observed even
after exclusion of secondary diagnoses in which NPPV is frequently used. The mortality rate was
1.5% for all asthma hospitalizations: 2.5% when NPPV was used and 15.8% for those requiring
IV. Conclusions: The use of ventilation support in asthma remained stable over time; however,
the use of non-invasive ventilation has increased. Still, we do not have good data regarding the
effectiveness of non-invasive ventilation when treating asthma exacerbations. Therefore,
additional studies are much needed and should assess physiologic and clinical variables that
might affect the effectiveness of non-invasive ventilation in patients with asthma exacerbations.
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Introduction

Non-invasive positive pressure ventilation (NPPV) is well

established in the management of acute respiratory failure,

particularly in acute exacerbations of chronic obstructive

pulmonary disease (COPD) [1,2]. Improved outcomes with

the avoidance of complications caused by endotracheal

intubation and invasive ventilation (IV) have been demon-

strated in acute exacerbations of COPD [2,3], acute

cardiogenic pulmonary edema [4] and in immunocomprom-

ised patients [5].

Invasive ventilation is often required in patients who

develop respiratory failure owing to severe asthma exacerba-

tions that are refractory to standard treatment. However, the

constraints and complications of this form of ventilation in

asthma patients are well known [6–8]. Although NPPV may

also be useful in severe asthma exacerbations, there is

insufficient evidence for the use of this treatment in asthma

[9]. In fact, the few studies that have reported on the use of

NPPV for severe asthma exacerbations have included small

patient numbers, making it difficult to assess risks and

benefits [7,10–14].

Recently, a large-scale retrospective study in USA revealed

a substantial increase in the use of mechanical ventilation,

accompanied by a shift from invasive mechanical ventilation

to non-invasive ventilation in acute asthma exacerbations [15].

In fact, health administrative databases have the potential to

contribute to the improvement of quality of healthcare, despite

known problems including coding inaccuracy and limited

clinical data [16–20]. They have been used to assess resource

usage and quality in hospital systems [21–23], to produce

quality indicators or benchmarks of hospital activity [24–26]

and to model resource utilization [27–30]. Studies regarding

asthma hospitalizations have also used administrative data-

bases [31–34]. Recently, Tsai et al. [35] used a sample from

hospital administrative databases to analyze the use of NPPV

in patients with acute exacerbations of COPD. Health

administrative databases are readily available, are relatively

inexpensive, and contain large data sets of many healthcare

facilities in the same format. In some situations, such as

identifying long-term trends in hospital care, they can be the

only source of information available to study a healthcare

problem. The aim of this study was to describe the use and

outcomes of NPPV and IV in patients hospitalized for acute

asthma exacerbations in Portugal from 2000 to 2010.
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Methods

In this retrospective observational study, we used the national

hospitalizations database (NHD) to analyze adult hospitaliza-

tions with a principal diagnosis of asthma in any of the 85

acute care hospitals of the national healthcare service in

mainland Portugal between 2000 and 2010. In Portugal, all

hospitals belonging to the National Health Service have a

common database, the NHD. This database has been used

since 1990 [29], and has had a positive impact on the

productivity and technical efficiency of some diagnostic

technologies [30].

In this study, the source of data was the NHD provided by

the ACSS (Administração Central do Sistema de Saúde), the

Portuguese Ministry of Health’s Authority for Health

Services. This database contains inpatient hospitalization

data, including clinical data that are coded by physicians

trained in clinical coding who are regularly subjected to in-

hospital and external audits. These coders are organized in a

national network that provides online help and regular on-site

training courses. When needed, the coder contacts the

colleague who is responsible for the hospitalization to clarify

any aspect that is being coded. The data include patient

demographics, procedures and diagnostic codes according to

the International Classification of Diseases – Ninth Revision

– Clinical Modification (ICD-9-CM), as well as length of stay

(LOS) and discharge destination from all of the public acute

care hospitals of the National Health Service. Data from

private hospitals (representing �15% of all inpatient stays in

Portugal) were not included in this study.

Records for patients older than 17 years of age with a

principal diagnosis of asthma (ICD-9-CM code 493.x) who

were discharged between January 2000 and December 2010

were analyzed. We excluded episodes with a secondary

diagnosis of COPD, chronic respiratory failure, active or past

tobacco use, pneumoconiosis and other lung diseases due to

external agents (Figure 1). To account for the use of NPPV in

sleep-disordered breathing, acute cardiogenic pulmonary

edema and pneumonia, we conducted a secondary analysis

to study diseases that are formal indications for NPPV.

Briefly, of the 88 928 hospitalizations with a diagnosis of

asthma, we selected the 17 450 (19.6%) that had a principal

diagnosis of asthma (meaning asthma was considered by the

coder to be the main reason for hospitalization). From these,

we excluded 16.8% that had an additional diagnosis or

additional risk factors (mainly previous/current tobacco

smoking) for other chronic respiratory diseases, as well as

those with prior diagnosis of chronic respiratory failure.

Episodes requiring NPPV or IV were identified by

searching for ICD-9-CM procedure codes 93.9x (non-invasive

mechanical ventilation) or 96.7x (other continuous invasive

mechanical ventilation). Patients who received both types

of ventilation support (n¼ 38) in the same episode were

included in the IV group.

Figure 1. Patient dispensation during the
study. Records for patients older than 17
years of age with a principal diagnosis of
asthma (ICD-9-CM code 493.x) who were
discharged between January 2000 and
December 2010 were analyzed. We excluded
episodes with a secondary diagnosis of
COPD, chronic respiratory failure, active or
past tobacco use, pneumoconiosis and other
lung diseases due to external agents.

Hospital admissions of adults between 2000 and 2010
N = 8 560 761 

Hospital admissions of
adults without diagnosis

of asthma
N = 8 543 311

Hospital admissions of
adults with diagnosis of

asthma
N = 88 928

Hospital admissions of
adults with principal
diagnosis of asthma

N = 17 450

N = 15 820

N = 14 554

N = 14 515

Use of ventilator support
N = 151 970

Use of ventilator support
N = 747

IV
N = 506

NPPV
N =241

IV
N = 112 732

NPPV
N = 39 238

Excluded episodes with secondary diagnosis
of chronic obstructive lung diseases and
chronic respiratory failure, ICD-9-CM codes:
- 490: bronchitis, not specified as acute or
chronic
- 491.x: chronic bronchitis
- 492.x: emphysema
- 494.x: bronchiectasis
- 496.x: chronic airway obstruction, not
elsewhere classified
- 528.83: chronic respiratory failure
- 518.84: acute or chronic respiratory failure

Excluded episodes with secondary diagnosis
of active or past tobacco dependency, ICD-9-
CM codes: 
- 305.1: tobacco use disorder
- V15.82: history of tobacco use

Excluded episodes with secondary diagnosis
of pneumoconiosis and other lung diseases due
to external agents, ICD-9-CM codes:
- 501.x-506.x: asbestosis, pneumoconiosis due
to other silica or silicates, pneumoconiosis due
to other inorganic dust, pneumopathy due to
inhalation of other dust, pneumoconiosis
unspecified, respiratory conditions due to
chemical fumes and vapors
- 507.1: pneumonitis due to inhalation of oils
and essences
- 508.2 and 508.8: respiratory conditions due
to smoke inhalation or otherspecified external
agents 

2 D. Alves et al. J Asthma, Early Online: 1–8

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

L
iv

er
po

ol
 o

n 
11

/0
1/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Comorbidities were defined using updated versions [36,37]

of the Deyo modification of the Charlson comorbidity index

and the Elixhauser index, which is a comorbidity risk

adjustment measurement with higher values corresponding

to higher in-hospital mortality. All of the secondary diagnoses

in the records analyzed were listed. We identified 19

diagnoses that were considered clinically relevant in adults

requiring ventilation support, and then tabulated those with

significant between-group differences.

Three main analyses were performed: use of NPPV and

IV over time, patient characteristics (sex, age, number of

comorbidities and comorbidity index) and outcomes (in-

hospital mortality, LOS and secondary diagnoses) for each

group. We summarized patient characteristics and outcomes

using percentages and medians with interquartile ranges.

The chi-squared test was used to compare patients who used

NPPV with those who did not use NPPV. The significance

level was set at p50.05. The use of NPPV and IV and the

mortality rate during the course of the study were plotted.

We used linear regression to investigate NPPV trends among

episodes with and without principal diagnoses of asthma.

All analyses were performed using IBM SPSS Statistics

Version 20.

Results

Between 2000 and 2010, 17 450 hospital admissions of adult

patients with asthma as a principal diagnosis were recorded.

After applying the strict exclusion criteria described in the

‘‘Methods’’ section, 14 515 inpatient episodes were analyzed

(Figure 1).

The patient characteristics are shown in Table 1. The

median age was 57 years, and most patients were female

(73.7%). The median LOS was 6 days; overall mortality was

1.5% (Table 1). Ventilation support was used in 747 cases

(5.1%): NPPV in 1.7% of cases (n¼ 241) and IV in 3.5%

(n¼ 506). The use of NPPV and IV is detailed in Table 2.

Most (52.3%) patients who received NPPV were older than

65 years old.

The most common comorbidities in the NPPV group were

hypertension (34.9%), obesity (28.2%) and congestive heart

failure (29%). In patients who received IV, the most common

comorbidities were hypertension (20.4%), fluid and electro-

lyte disorders (16.8%) and congestive heart failure (11.1%).

Secondary diagnoses are summarized in Table 3.

In the IV group, there was a high proportion of pneumonia

and bacterial infections due to agents such as Enterococcus,

methicillin-susceptible Staphylococcus aureus, Escherichia

coli and pneumonia due to Pseudomonas aeruginosa

(p¼ 0.016) (Table 3).

Figure 2 depicts the proportion of all hospitalizations and

the proportion of those with a principal diagnosis of asthma in

which NPPV was used between 2000 and 2010. The linear

regression slopes (95% CI) were, respectively, 0.073 (0.057,

0.089) and 0.248 (0.153, 0.342). NPPV frequency clearly

increased from 15 cases (1%) in 2000 to 58 (3.3%) in 2010

(Figure 3). This increase occurred mainly after 2007. IV use

remained stable throughout the study period (3.7% in 2000

and 3.1% in 2010). The ratio between these two proportions of

hospital admissions (i.e. the ratio between the use of NPPV

and IV in patients with asthma) increased from 0.27 to 1.06.

After exclusion of secondary diagnoses such as obstructive

sleep apnea, obesity hypoventilation syndrome, pneumonia

and acute cardiogenic pulmonary edema, the increase in

NPPV use in patients with asthma continues to be observed,

mainly after 2008 (Figure 4).

Overall, the median LOS for all asthma hospitalizations

was 6 days and remained constant throughout the study

period. For patients using ventilator support, the median

LOS was 8 days for both the NPPV group and the IV group

(Figure 5). The median LOS was 8 days among IV patients

that died (Tables A1 and A2).

The annual mortality rate is plotted in Figure 6. The

mortality rate was 2.5% (n¼ 6) among patients who received

NPPV, and 15.8% (n¼ 80) among patients who received IV

(Table 2). Thirty-eight patients in the IV group (4.5% of those

requiring ventilator support) received both types of ventilation

support during the same episode; 2 of these patients died

(2.4% of deaths in the IV group).

Table 2. Characteristics of adults hospitalized for asthma who needed
ventilation support.

NPPV
(N¼ 241)

IV
(N¼ 506)

Sex (%)
Male/female 21.4/38.0 78.6/62.0

Age, median (P25–75) 66.0 (57.5–76.0) 52.0 (36.0–68.0)
Comorbidities

Elixhausera

Comorb. index (avg.)b 3.5 2.6
Charlson/Deyoc

Comorb. index (avg.) 0.76 0.42
LOS, median (P25–75) 8.0 (5.0–13.0) 8.0 (4.0–15.0)
In-hospital mortality

(N¼ 86, 11.5%)
6 (2.5%) 80 (15.8%)

aElixhauser comorbidities updated by Quan et al. [36].
bUsing points defined by van Walraven et al. [37].
cCharlson/Deyo comorbidities [17], updated by Quan et al. [36].
NPPV, non-invasive positive pressure ventilation; IV, invasive ventila-

tion; comorb., comorbidity; avg., average; LOS, length of stay.

Table 1. Characteristics of adults hospitalized with asthma as a principal
diagnosis in Portugal, 2000–2010.

Principal diagnosis of asthma
(N¼ 14 515)

Sex (%)
Male/female 26.3/73.7

Age, median (P25–75)
Overall 57.0 (40–71)
Male/female 52.0 (35–69)/58 (43–72)

Comorbidities Elixhausera

Comorb. Index (avg.)b 1.19
Charlson/Deyoc

Comorb. index (avg.) 0.37
LOS, median (P25–75) 6.0 (3–10)
Ventilation support, n (%) 747 (5.1)
In-hospital mortality, n (%) 212 (1.5)

Comorb., comorbidity; avg., average; LOS, length of stay.
aElixhauser comorbidities updated by Quan et al. [36].
bUsing points defined by van Walraven et al. [37].
cCharlson/Deyo comorbidities [17], updated by Quan et al. [36].

DOI: 10.3109/02770903.2014.939280 Non-invasive ventilation in asthma 3
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Discussion

This study shows that the use of NPPV markedly increased

among Portuguese adults hospitalized for asthma exacerba-

tions. The use of IV support in asthma remained stable from

2000 to 2010; however, a 3-fold increase in the use of NPPV

was observed during the same period. This increase was

apparent even after excluding patients with diseases that are

formal indications for NPPV.

Our finding of a considerable increase in the use of NPPV

is consistent with the results of previous single-center reports

[7,10–14]. Very recently, a large-scale retrospective study was

published [15]. This study with data from USA reported

results that are very similar to ours: there was a substantial

increase in the use of NPPV among adults hospitalized with

acute asthma exacerbations, the increment was the same after

excluding people with obstructive sleep apnea, and it was

associated with a decrease in the use of invasive mechanical

ventilation. Taken together, these large retrospective studies

demonstrate an increase in the use of NPPV to treat asthma

exacerbations, at least in Western countries.

The main limitations of our study are those inherent to the

retrospective observational design: the use of hospital data-

bases, the lack of physiologic data, time, duration and setting

(ward or intensive care unit) of NPPV use. Large retrospective

observational studies are a first step in the assessment of a

health technology. It is now clear that prospective, multicenter

studies should be a research priority not only to assess NPPV

effectiveness, but also to provide insight into the mechanisms

that lead to the results observed. The real-life data analyzed

from over 80 hospitals support the possible benefits of NPPV

in some severe asthma exacerbations. Nevertheless, even in

this large sample, the number of cases per year is too small for

subgroup analysis (e.g. to compare mortality between NPPV

and IV). Another limitation of this study is the potential

misclassification of patients’ diagnoses or even procedure

codes, as the procedure codes for mechanical ventilation may

be unrelated to the asthma exacerbation itself. We circum-

vented this problem by choosing only patients with a principal

diagnosis of asthma and excluding secondary diagnoses of

COPD, chronic respiratory failure, pneumoconiosis and other

lung diseases due to external agents. Additionally, there are

many conditions that can mimic asthma, and many authors

recognize the overlapping phenotype of COPD-asthma in

COPD [38]. In a case study that systematically assessed adult

patients with difficult-to-treat asthma, 12% of patients were

judged to have a diagnosis other than asthma [39]. We cannot

rule out misclassification or biases in physician coding.

Considerable variation in the sensitivity and specificity of the

ICD-9-CM collected data has been demonstrated [40].

However, in Portugal, clinical coding is performed by skilled

physicians who have practiced for 20 years. Moreover, those

physicians that code the hospital admissions by reviewing the

medical chart do not consider asthma as a principal motive of

admission lightly, especially in individuals over 45 years old

(the majority of the cases observed) and when an advanced

procedure such as mechanical ventilation is used. In summary,

the methods that we employed were an attempt to improve

specificity at the expense of some decrease in sensitivity.

In 2010, the European Respiratory Society reviewed the

available reports on the use of NPPV in asthma [9]. In spite of

the lack of evidence, it recommended that selected patients

with severe asthma exacerbations might benefit from a

carefully and closely monitored trial of NPPV.

Within the currently available evidence, we observed an

impressive increase in the use of NPPV in acute asthmatic

exacerbations, which supports the need for studies assessing

physiologic variables to define for what situations NPPV an

effective treatment of asthma exacerbations. There may be

several reasons for the increased use of NPPV observed in

adults hospitalized for asthma, including greater availability

of NPPV equipment, more experience of the teams, and

increasing frequency of clinical conditions in which NPPV is

showing benefits (e.g. obesity and sleep disorders). In our

series, these conditions were significantly more common in

the NPPV group than in the other asthma hospitalizations. In a

study on clinical outcomes for acute asthma, Tsai et al. [32]

briefly reported that the use of NPPV or IV was 3.9% among

adults hospitalized for asthma in 2006–2008. This is lower

than the 5.7% that we observed. We do not have adequate

information to understand the reasons for these differences.

However, the same authors reported an analysis using the

same sample, and concluded that in COPD with acute

respiratory failure, the adoption of NPPV was low and varied

widely between hospitals [35].

Table 3. Relevant secondary diagnoses for the asthma hospitalizations in
which ventilator support was used.

NPPV IV
ICD 9 codes N N

482 Other bacterial pneumonia
482.1 Pneumonia due to Pseudomonas 0 3
482.2 Pneumonia due to Haemophilusinfluenzae

[H. influenzae]
0 5

482.41 Methicillin-susceptible pneumonia due to
Staphylococcus aureus

0 6

486 Pneumonia, organism unspecified 5 38

041 Bacterial infections in conditions classified
elsewhere and of unspecified site

041.04 Group D [Enterococcus] 0 8
041.11 Methicillin-susceptible Staphylococcus aureus 0 4
041.4 Escherichia coli [E. coli] 4 12

416 Chronic pulmonary heart disease
416.8 Other chronic pulmonary heart diseases 10 1
416.9 Chronic pulmonary heart disease, unspecified 9 7

428 Heart failure
428.0 Congestive heart failure, unspecified 54 30
428.9 Heart failure, unspecified 1 4

278 Overweight, obesity and other
hyperalimentation

71 46

348 Other conditions of brain
348.1 Anoxic brain damage 0 28

780 General symptoms
780.01 Alteration of consciousness: coma 0 9
780.39 Other convulsions 1 11
780.53 Hypersomnia with sleep apnea, unspecified 30 1
780.57 Unspecified sleep apnea 25 2

799 Other ill-defined and unknown causes of morbidity and mortality
799.0 Asphyxia and hypoxemia 0 7
799.1 Respiratory arrest 1 23

NPPV, non-invasive positive pressure ventilation; IV, invasive
ventilation.

4 D. Alves et al. J Asthma, Early Online: 1–8
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A different type of explanation is that possible changes in

admission criteria for asthma patients have reduced the

admissions of patients with less severe exacerbations. We do

not have data to directly test this hypothesis. Still, some

indirect information is in line with this hypothesis: the

overall median LOS exhibited a small but sustained increase

during the second half of the study period; the increased

use of ventilation support may be due, at least in part, to an

increased proportion of more complex cases; and the mortal-

ity rate did not decrease over time.

In-hospital mortality was high, especially in the IV group.

The high frequency of infections by nosocomial agents in the

IV group may have contributed to the high mortality. Previous

studies have shown that mechanically ventilated asthmatic

patients have a high risk of complications, including

Figure 2. Proportion of all hospitalizations
and the proportion of those with a principal
diagnosis of asthma in which non-invasive
positive pressure ventilation (NPPV) was
used between 2000 and 2010. The linear
regression slopes (95% CI) were, respect-
ively, 0.073 (0.057, 0.089) and 0.248 (0.153,
0.342).

(a)

(b)

Figure 3. Frequency of non-invasive positive pressure ventilation
(NPPV) use among specific patient populations, 2000–2010.
(a) Among all hospitalizations with a principal diagnosis of asthma.
(b) Solely among hospitalizations in which ventilation support was used:
NPPV frequency clearly increased from 15 cases (1%) in 2000 to 58
(3.3%) in 2010.

Figure 4. Non-invasive positive pressure ventilation (NPPV) use in
adults with principal diagnosis of asthma after exclusion of secondary
diagnoses such as obstructive sleep apnea, obesity hypoventilation
syndrome, pneumonia and acute cardiogenic pulmonary edema
(NPPV*): the increase in NPPV use continues to be observed, mainly
after 2008.

DOI: 10.3109/02770903.2014.939280 Non-invasive ventilation in asthma 5
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nosocomial infections [6–8]. In fact, intubated patients have a

1% risk per day of developing pneumonia [2,41,42]. The data

now presented confirms this observation in a large, real-life

data set.

A high frequency of obesity and overweight (40.3%) was

observed in the NPPV group. Obesity is associated with

adverse changes in pulmonary physiology in patients with

chronic respiratory illnesses, including asthma [43].

Although the mechanism by which NPPV may improve

clinical outcome of acute asthma exacerbations is not well

understood, a combination of factors might explain some of

the benefits: positive pressure can dilate small to moderately

sized bronchi and improve alveolar recruitment [44]; it may

disperse bronchodilators to more peripheral airways, improv-

ing the maximum forced expiratory volume in 1 s (FEV1) and

peak expiratory flow [45,46]; it may prevent bronchospasm

[47,48] and it enhances ventilation by unloading fatigued

ventilator muscles. Improvements in gas exchange and FEV1

and fewer complications have been observed with NPPV

versus IV [7].

Conclusion

Although the use of ventilation support in asthma remained

stable during the study, the use of non-invasive ventilation has

increased. Still, we do not have good data regarding the

effectiveness of NPPV in the treatment of asthma exacerba-

tions. Therefore, additional studies are much needed and

should assess physiologic and clinical variables that might

affect the effectiveness of NPPV in the treatment of asthma

exacerbations.
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Appendix

Table A2. Median length of stay, per ventilation group, of adults hospitalized with asthma as a principal diagnosis who died: no ventilation support,
non-invasive positive pressure ventilation (NPPV) and invasive ventilation (IV).

No ventilator support NPPV IV Total

Year N (%) Median LOS N (%) Median LOS N (%) Median LOS N Median LOS

2000 12 (70.6) 6 0 (0) – 5 (29.4) 8 17 8
2001 14 (66.7) 2.5 0 (0) – 7 (33.3) 7 21 3
2002 9 (69.2) 7 0 (0) – 4 (30.8) 30.5 13 8
2003 11 (42.3) 3 1 (3.8) 4 14 (53.8) 17 26 5
2004 14 (70.0) 8.5 1 (5.0) 1 5 (25.0) 31 20 9.5
2005 15 (55.6) 3 2 (7.4) 11 10 (37.0) 5.5 27 4
2006 7 (46.7) 3 0 (0) – 8 (53.3) 5.5 15 5
2007 11 (55.0) 3 0 (0) – 9 (45.0) 7 20 5
2008 11 (78.6) 5 0 (0) – 3 (21.4) 42 14 7.5
2009 10 (71.4) 5 1 (7.1) 1 3 (21.4) 5 14 4.5
2010 12 (48.0) 6 1 (4.0) 38 12 (48.0) 10.5 25 10
Total 126 (59.4) 5 8 (3.8) 2.5 80 (37.7) 8 212 6

Table A1. Median length of stay, per ventilation group, of adults hospitalized with asthma as a principal diagnosis: no ventilation support, non-invasive
positive pressure ventilation (NPPV) and invasive ventilation (IV).

No ventilator support NPPV IV Total

Year N (%) Median LOS N (%) Median LOS N (%) Median LOS N Median LOS

2000 1466 (95.3) 6 15 (1.0) 5 57 (3.7) 8 1538 6
2001 1345 (94.3) 6 15 (1.1) 11 66 (4.6) 8 1426 6
2002 1369 (95.3) 6 15 (1.0) 9 53 (3.7) 8 1437 6
2003 1274 (94.6) 6 14 (1.0) 7.5 59 (4.4) 9 1347 6
2004 1222 (95.8) 6 11 (0.9) 9 43 (3.4) 7 1276 6
2005 1282 (95.4) 7 21 (1.6) 7 41 (3.1) 7 1344 7
2006 1234 (95.9) 6 19 (1.5) 13 34 (2.6) 6 1287 6
2007 1236 (94.6) 6 23 (1.8) 7 48 (3.7) 8.5 1307 7
2008 1166 (94.6) 6.5 31 (2.5) 8 35 (2.8) 10 1232 7
2009 1107 (93.7) 6 39 (3.3) 8 35 (3.0) 9 1181 7
2010 1067 (93.6) 6 38 (3.3) 8 35 (3.1) 8 1140 7
Total 13 768 (94.9) 6 241 (1.7) 8 506 (3.5) 8 14 515 6

8 D. Alves et al. J Asthma, Early Online: 1–8
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