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ated with worse lung function (OR 1.8 and 95% CI 1.1–3.3). 
 Conclusion:  This study allows us to conclude that older age 
is associated with a later onset of asthma and a longer dura-
tion of symptoms. Age does not predict hospital admissions 
or poor control of asthma symptoms if proper treatment is 
offered. It does, however, predict worse lung function. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Aging modifies the immune response in healthy sub-
jects. Older subjects have decreased numbers of naive T 
cells  [1, 2] , reduced production of antibodies  [3]  and a 
reduced cellular immune response  [4] . Airway neutro-
phils in older people produce fewer leukotrienes  [5] , and 
eosinophils have a reduced capacity to degranulate and to 
produce superoxide  [6] . Among atopic subjects, IgE  [7]  
and reactivity to skin-prick tests  [8]  decrease with age. 
Aging modifies the respiratory physiology. It is associated 
with reduced lung function  [9] , loss of elastic recoil of the 
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 Abstract 

  Background:  Aging modifies immune response and respira-
tory physiology. Few studies evaluate the effect of age on 
asthma. The aim of our study was to evaluate whether age is 
associated with uncontrolled symptoms and hospital admis-
sions due to asthma in a setting where patients were receiv-
ing proper treatment.  Methods:  We enrolled 401 patients 
with uncontrolled asthma who were inhaled corticosteroid-
naive. The follow-up period was 1 year. They received medi-
cations for asthma, performed spirometry, a symptoms ques-
tionnaire, and all emergency room visits and hospital admis-
sions due to asthma were reported. The primary end point 
was hospital admission during the follow-up period.  Results:  
Baseline data demonstrated that subjects >55 years of age 
had a later onset of asthma and a longer duration of symp-
toms. Adjusted logistic regression models demonstrated that 
older age at enrollment did not predict asthma control in the 
follow-up: hospital admission due to asthma [odds ratio (OR) 
1.7 and 95% confidence interval (CI) 0.6–4.7], symptoms score 
(OR 0.6 and 95% CI 0.3–1.1) and emergency room visits due 
to asthma (OR 0.9 and 95% CI 0.6–1.3). Older age was associ-
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lungs  [10]  and more bronchial hyperresponsiveness  [11, 
12] . Older subjects may have a reduced awareness of 
acute bronchoconstriction, which could affect the recog-
nition of obstructive lung diseases  [12] .

  There are few studies evaluating the effect of immune 
and physiologic senescence on allergic respiratory diseas-
es such as asthma. These studies often have contradictory 
results. Evidence suggests that older subjects with asthma 
have more airway remodeling  [13] . Decline in lung func-
tion over time is more pronounced in asthmatic subjects 
in comparison with healthy subjects  [14] . Some studies 
have found that there is a lower prevalence of self-report-
ed asthma in older subjects  [15, 16]  while others have 
found a higher prevalence of asthma in older populations 
 [17] . Whether age predicts outcomes of asthma control 
has not yet been established. Previous epidemiologic sur-
veys were not conclusive due to their retrospective design 
and imbalances in treatment  [15, 18–20] . The aim of our 
study is to evaluate whether age is associated with out-
comes of asthma control in a prospective cohort of sub-
jects receiving proper treatment.

  Material and Methods 

 Study Population 
 Asthmatic subjects living in the city of Salvador, Brazil, were 

screened upon admission to a public program for the control of 
asthma in a city with a low-income population. Inclusion criteria 
were uncontrolled asthma and no previous use of inhaled cortico-
steroids. The diagnosis of asthma was made by a chest physician 
and was based on typical symptoms (acute episodes of dyspnea and 
wheezing), lung function (normal or obstructive) and normal chest 
radiograph. The criteria for uncontrolled asthma were at least one 
of the following: (1) daily symptoms of asthma or (2) >2 nocturnal 
awakenings per week due to asthma or (3) >2 puffs/day of short-
acting bronchodilator to relieve asthma symptoms  [21] . Patients 
were excluded if they were current smokers, had a smoking history 
of >9 pack-years or had a diagnosis of other pulmonary morbidities 
or extrapulmonary disease that could possibly interfere in the eval-
uation of asthma. To exclude other pulmonary morbidities, com-
plementary exams like high-resolution computing tomography of 
the chest were performed accoerding to the discretion of the physi-
cian in charge. The study was approved by the institutional review 
board of the Maternidade Climério de Oliveira – Universidade Fed-
eral da Bahia. Subjects gave their signed informed consent.

  Study Design 
 This was a prospective study of consecutive patients. The sub-

jects who were enrolled were followed up for 1 year. They had five 
study visits throughout the follow-up, i.e. visits I–V. The interval 
between study visits was 3 months. The enrollment period was 
from January 2004 to January 2006.

  At visit I, the inclusion/exclusion criteria were checked. Subject 
evaluation and approach to management were conducted by a 

physician, a nurse and a pharmacist. All subjects received medica-
tions for asthma, performed lung function tests and reported any 
emergency room visits and hospital admissions due to asthma in 
the previous 12 months. The initial treatment was inhaled 
budesonide (800 μg/day) and inhaled formoterol (24 μg/day). Pa-
tients received inhaled short-acting β-2 agonist to be used on de-
mand.

  At follow-up visits II–IV, patients reported all emergency room 
visits and hospital admissions due to asthma since the previous 
visit. The physician in charge adjusted treatment. Subjects who 
reported the above or symptoms of asthma in the last 2 weeks had 
a 25% increase in treatment, and those who reported none of these 
had a 25% decrease in treatment. Asthma medication was dis-
pensed on a monthly basis. Pharmacists recorded withdrawal of 
medication.

  At visit V (the last visit), patients answered the Asthma Con-
trol Questionnaire (ACQ)  [22] , the Asthma Quality of Life 
Questionnaire (AQLQ)  [23]  and performed a posttreatment 
lung function test. The ACQ and AQLQ are continuous vari-
ables. The Portuguese version of the ACQ has a 0.75 cut-off to 
identify controlled asthma  [24] . The minimal significant differ-
ence of the AQLQ is 0.5  [25] . Rhinitis was classified according 
to ARIA (Allergic Rhinitis and its Impact on Asthma) criteria 
 [26] . Dispensed medications were reviewed to assure that only 
patients with >80% adherence to treatment were included in the 
analysis.

  Lung Function and Skin-Prick Test 
 A KoKo spirometer (software PDS Instrumentation, Inc., Lou-

isville, Colo., USA) was used for lung function testing according to 
the American Thoracic Society recommendations. FEV 1  was ex-
pressed as a percentage of predicted value and was used to quan-
tify the degree of airway obstruction.

  Atopy was assessed with an immediate-type hypersensitivity 
skin-prick test with aeroallergen extracts, performed in the fore-
arm. Four antigens were used: dust mites ( Dermatophagoides 
pteronyssinus  and  Blomia tropicalis ) and cat and dog epithelium 
(FDA Allergenic, Rio de Janeiro, Brazil), as these are the most 
common aeroallergens in Salvador, Bahia, Brazil  [27] . The wheal 
diameters were measured 15 min after puncture. The test was 
considered positive when at least one antigen induced a reaction 
with a diameter that was 3-mm greater than the control with sa-
line solution. The sum of two larger diameters of reactions to 
antigens, divided by 2, was used to measure the intensity of the 
atopic status.

  Statistical Analysis 
 To estimate whether age is associated with outcomes of asthma 

control, subjects were divided into 2 groups: <55 years and  ≥ 55 
years. Previous publications used a cut-off of 55 years  [18, 28]  or 
65 years  [15, 29] . We chose 55 years as the cut-off age because it 
provided a balanced sample size between groups, resulting in more 
power to identify differences. The primary end point of the study 
was hospital admission due to asthma because this was associated 
with increased age in previous studies  [15, 18, 19] . Secondary end 
points were symptoms score (ACQ), quality of life (AQLQ) and 
lung function recorded at visit V and any emergency room visits 
due to asthma during the follow-up.

  The response to treatment with inhaled corticosteroids was 
evaluated. The study population was inhaled corticosteroid-naive 
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before the study. Therefore, reduction in the number of emergen-
cy room visits during the study was attributed to the use of the 
inhaled corticosteroids. We created an index to estimate the re-
sponse to treatment. The number of emergency room visits in the 
year before the study, reported at visit I, was the baseline informa-
tion to estimate the percentual reduction during the study. Sub-
jects were classified into 2 categories, i.e. a  ≥ 90% or a <90% reduc-
tion in the number of emergency room visits. A similar analysis 
was performed for lung function. FEV 1  at visit I was the baseline 
information to estimate improvement in lung function at visit V. 
Patients were classified into 2 categories, i.e. a  ≥ 10% or a <10% 
improvement in FEV 1 .

  Nominal variables were expressed as proportions. Ordinal and 
continuous variables were expressed as median and quartiles. The 
Fisher exact test and the χ 2  test were used to compare nominal 
variables. The Mann-Whitney U test was used to compare ordinal 
and continuous variables. A multivariate binominal logistic re-
gression model evaluated the impact of age on end points of asth-
ma control and response to treatment. Statistical analysis was per-
formed using a software program (SPSS for Windows; SPSS Inc., 
Chicago, Ill., USA).

  Results 

  Table 1  describes the baseline characteristics of 401 
subjects enrolled in the study. Most were female and 60% 
had positive skin-prick test. The frequency of rhinitis was 
83%. The frequency of subjects that reported emergency 
room visits and hospital admissions due to asthma in the 
year before enrollment was 88 and 29%, respectively. 
Median and interquartile values of emergency room vis-
its and hospital admissions due to asthma in the year be-
fore the study were 7 (2–24) and 0 (0–1) events per pa-

tient, respectively. The median FEV 1  % predicted was 
66%.

   Table 2  depicts comparisons of baseline data accord-
ing to age strata. Subjects were not using inhaled cortico-
steroids at that point in time. Older subjects had a later 
onset of asthma, a longer duration of symptoms, had re-
ported less emergency room visits for the year before en-
rollment and had worse lung function. They had a trend 
toward less atopy in comparison to younger subjects. The 
groups were similar with regard to gender, smoking his-
tory, frequency of rhinitis, BMI (>35) and hospital admis-
sions due to asthma in the year before study enrollment.

   Table 3  compares proxies of asthma control and re-
sponse to treatment in the follow-up while the subjects 
were on inhaled corticosteroids. Most subjects used  ≥ 800 
μg of inhaled budesonide during the study. Older subjects 
used more inhaled corticosteroids (865 ± 216 and 778 ± 
274 μg budesonide). The median reduction of emergency 
room visits in the follow-up was 98% in the group <55 
years and 92% in the group  ≥ 55 years (p = 0.02). Older 
subjects had a lower lung function and less severe rhinitis 
at visit V. Young and old subjects were similar with regard 
to emergency room visits, hospital admissions and im-
provement in lung function during the follow-up. Symp-
tom control and quality of life at visit V were not different 
between groups.

   Table 4  shows multivariate binominal logistic regres-
sion models to evaluate whether age predicted asthma 
control and response to treatment during follow-up. 
These analyses were adjusted for emergency room visits 
and hospital admissions in the year before enrollment in 

 Table 1.  Baseline characteristics of 401 patients with uncontrolled asthma

Females 320 (80)
Age of asthma onset, years 12 (4–26)
Patients reporting a smoking history of ≤9 pack-years1 27 (6)
BMI >35 30 (8)
Duration of asthma, years 28 (17–41)
Positive skin-prick test2 189 (60)
Rhinitis diagnosis 332 (83)
Number of emergency room visits in the year before enrollment 7 (2–24)
Patients with emergency room visits in the year before enrollment 355 (88)
Number of hospital admission in the year before enrollment 0 (0–1)
Patients with hospital admission in the year before enrollment 115 (29)
FEV1 % predicted before treatment 66 (52–82)

 Nominal variables are denoted as n (%). Continuous and ordinal variables are depicted as median and inter-
quartile range. 

1 Being a current smoker and having a smoking history >9 pack-years were exclusion criteria.
2 A total of 314 patients were evaluated.
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 Table 3.  Unadjusted association between age and outcomes of asthma control in the follow-up

Age <55 years
(n = 274)

Age ≥55 years
(n = 127)

p

Dose of inhaled corticosteroids (μg/day) 778±274 865±216 <0.01
>800 μg/day of inhaled budesonide during follow-up 219 (80) 119 (94) <0.01
ACQ score 1.3 (1.9–2.7) 1.0 (1.7–2.7) 0.20
ACQ score >0.75 at visit V 232 (85) 102 (80) 0.28
AQLQ final score at visit V 3.9 (2.8–5.0) 4.1 (2.9–5.6) 0.11
Patients with emergency room visits1 126 (46) 56 (44) 0.72
Number of emergency room visits1 0 (0–2) 0 (0–2) 0.65
Patients with hospital admissions1 9 (3) 7 (6) 0.29
Number of hospital admissions1 0 (0–0) 0 (0–0) 0.29
Reduction in the number of emergency room visits2 98 (72–100) 92 (0–100) 0.02
FEV1 % predicted at visit V 71 (60–85) 66 (51–80) 0.02
Improvement in FEV1 at the follow-up3 2 (0–17) 6 (0–19) 0.18
Rhinitis severity4

No rhinitis
Mild
Moderate/severe 

42 (15)
135 (50)

95 (35)

26 (20)
75 (60)
26 (20)

0.01

 Continuous and ordinal variables are depicted as median and interquartile range, except for the dose of in-
haled corticosteroids which is depicted as mean ± SD. Nominal variables are depicted as n (%).

1 In the year of follow-up.
2 Percentual reduction in comparison to the number of events reported by the patients in the year before en-

rollment.
3 Percentual reduction in comparison to the FEV1 at visit I.
4 According to the ARIA criteria.

Table 2. Baseline characteristics of patients with asthma according to age

Age <55 years
(n = 274)

Age ≥55 years
(n = 127)

p

Age at enrollment in the study, years 40 (31–47) 62 (56–67) <0.01
Female gender 222 (81) 98 (77) 0.37
Age of asthma onset, years 8 (3–20) 22 (10–46) <0.01
Smoking history >9 pack-years1 15 (6) 12 (9) 0.15
BMI >35 21 (8) 9 (7) 0.86
Duration of asthma, years 26 (17–36) 38 (16–51) <0.01
Positive skin-prick test2 139 (63) 50 (53) 0.10
Intensity of atopy2 8 (0–13) 5 (0–12) 0.10
Rhinitis diagnosis 232 (85) 101 (80) 0.20
Patients with emergency room visits3 250 (91) 105 (83) 0.01
Number of emergency room visits3 10 (3–28) 5 (1–20) <0.01
Patients with hospital admissions3 82 (30) 33 (26) 0.35
Number of hospital admissions3 0 (0–1) 0 (0–1) 0.21
FEV1 % predicted before treatment 69 (54–84) 59 (47–78) <0.01

Continuous and ordinal variables are depicted as median and interquartile range. Nominal variables are de-
picted as n (%).

1 Currently smoking and a smoking history of >9 pack-years were exclusion criteria.
2 A total of 314 patients were evaluated for this end point.
3 In the year before enrollment.
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the study, baseline lung function, the dose of inhaled cor-
ticosteroids during the study and the duration of asthma. 
Older age at enrollment was associated with a <90% re-
duction in the number of emergency room visits in the 
follow-up (adjusted OR 1.6 and 95% CI 1.1–2.4) and 
FEV 1  <60% predicted at visit V (adjusted OR 1.8 and 95% 
CI 1.1–3.3). However, age did not predict symptoms con-
trol, emergency room visits, hospital admissions or im-
provement in lung function in the follow-up.

  Discussion 

 The medical literature highlights the limited under-
standing of the relationship between aging and asthma 
 [30] . Our study focused on the clinical aspects of this re-
lationship. We did not find an association between age 
and hospital admissions due to asthma. Our results were 
different from previous surveys  [15, 18, 19, 30] ; we ad-

justed treatment prospectively and controlled our data 
for confounding factors. The sample size did not affect 
our conclusion. A post hoc analysis demonstrated that 
the power of the study for hospital admissions in the fol-
low-up was 88% to detect a 10% difference, considering 
5% of events in the case group (i.e. subjects  ≥ 55 years old) 
and 15% in the control group (i.e. subjects <55 years old). 
The type I error probability associated with this test was 
0.05.

  We demonstrated that emergency room visits, ACQ 
scores and AQLQ scores in the follow-up were not associ-
ated with age. Our results demonstrate that age does not 
predict poor control of asthma symptoms when treat-
ment is appropriate. The TENOR study in the USA found 
that older subjects experienced better control of asthma 
symptoms and a better quality of life with more aggressive 
care  [29] . In primary care settings in Spain, age was found 
to have a borderline association with uncontrolled asth-
ma  [31] . A national survey in the USA found an associa-
tion between older age and poor control of asthma  [32] . 
We consider differences in treatment to be the best expla-
nation for divergences between studies.

  Our baseline data demonstrates the differences in the 
phenotype of asthma between old and young patients. 
Older subjects had a later onset of asthma and a longer 
duration of symptoms. Baseline and follow-up differ-
ences between groups confirm that our cut-off for age 
was successful in the identification of two different pop-
ulations. Nevertheless, it would be advisable to validate 
our observations for populations consisting of the very 
old.

  Both age groups showed an important reduction in 
emergency room visits during our study. This is the effect 
of the regular use of inhaled corticosteroids offered free 
of charge. Younger subjects had a more pronounced re-
duction in the number of emergency room visits. Future 
studies should investigate if the greater reduction in 
emergency room visits among younger subjects is due to 
peculiarities of airway inflammation.

  Current knowledge demonstrates that lung function 
decreases with age in healthy subjects  [9]  and that asthma 
increases the loss of lung function over time  [14] . At the 
end of our study, the older subjects had worse lung func-
tion. Lung function was adjusted for the physiological ef-
fect of age because it was expressed as a percentage of 
predicted values. These data suggest that older patients 
are more susceptible than younger patients to the effects 
of asthma on lung function.

  Evidence in the literature associates aging with an in-
crease in the rate of nonallergic rhinitis  [33] . In our study, 

 Table 4.  Adjusted association between outcomes of asthma 
 control and age in the follow-up

OR (95% CI)

ACQ score >0.75 at visit V1

Age <55 years
Age ≥55 years

–
0.6 (0.3–1.1)

Emergency room visits in the year of follow-up2

Age <55 years
Age ≥55 years

–
0.9 (0.6–1.3)

Hospital admission in the year of follow-up3

Age <55 years
Age ≥55 years

–
1.7 (0.6–4.7)

<90% reduction in emergency room visits during the follow-up1

Age <55 years
Age ≥55 years

–
1.6 (1.1–2.4)

FEV1 % predicted <60% at visit V4

Age <55 years
Age ≥55 years

–
1.8 (1.1–3.3)

<10% improvement in FEV1 at visit V1

Age <55 years
Age ≥55 years

–
1.3 (0.9–3.0)

 1 Adjusted for the dose of inhaled corticosteroids in the follow-
up period and the duration of asthma.

2 Adjusted for the dose of inhaled corticosteroids in the follow-
up period, the number of emergency room visits before enrollment 
and the duration of asthma.

3 Adjusted for the dose of inhaled corticosteroids in the follow-
up period, the number of hospital admissions before enrollment 
and the duration of asthma.

4 Adjusted for the dose of inhaled corticosteroids in the follow-
up period, baseline lung function and the duration of asthma.
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the rate of rhinitis was not associated with age. However, 
older age was associated with reduced symptoms of rhi-
nitis. Further studies should investigate if these observa-
tions are related to differences in the perception of rhini-
tis symptoms.

  The prospective design of our study allowed reliable 
data in a population susceptible to memory bias. Another 
positive aspect was the multiple end points for estimating 
asthma control. Data were adjusted for the duration of 
asthma because this impacts on asthma outcomes  [20] . 
Although we achieved power of >80% for the primary end 
point of the study, this might be insufficient for some sec-
ondary end points. Assuring free medication for patients 
enrolled in the study limits the external validity of the re-
sults to populations with access to asthma treatment. The 
predominance of women in our study was to be expected 
because asthma is more frequent and severe in adult fe-
males  [34] .

  Our study enabled us to conclude that asthma at older 
age is different in some aspects. Older patients have a lat-

er onset and longer duration of asthma and less rhinitis 
symptoms. Age does not predict hospital admissions due 
to asthma or poor control of symptoms if proper treat-
ment is offered. Age does predict worse lung function.
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