Effects of regular exercise on asthma control in young adults
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Abstract
Background: According to our systematic literature review, no previous study has assessed potential
effects of regular exercise on asthma control among young adults. We hypothesized that regular
exercise improves asthma control among young adults.

Methods: We studied 162 subjects with current asthma recruited from a population-based cohort
study of 1623 young adults 20-27 years of age. Asthma control was assessed by the occurrence of
asthma-related symptoms, including wheezing, shortness of breath, cough, and phlegm production,
during the past 12 months. Asthma symptom score was calculated based on reported frequencies of
these symptoms (range 0-12). Exercise was assessed as hours/week.

Results: In Poisson regression, adjusting for gender, age, smoking, environmental tobacco smoke
exposure, and education, the asthma symptom score reduced by 0.09 points per 1 hour of
exercise/week (95 % CI: 0.00 to 0.17). Applying the “Low exercise” quartile as the reference,
“Medium exercise” reduced the asthma symptom score by 0.66 (-0.39 to 1.72), and “High exercise”
reduced it significantly by 1.13 (0.03 to 2.22). The effect was strongest among overweight subjects.
Conclusions: Our results provide new evidence that regular exercising among young adults
improves their asthma control. Thus, advising about exercise should be included as an important

part of asthma self-management in clinical practise.
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Introduction

Asthma is among the most common chronic diseases among young adults in high and medium
income countries [1]. Poorly controlled asthma imposes a substantial burden for health care in many
parts of the world [2]. Asthma-related health problems make a considerable contribution to
disabilities and increase health-care costs [3]. In a large population survey from Australia, poorly
controlled asthma was associated with a lower quality of life [4]. Improving asthma control will
produce many beneficial health-related effects, including reducing disability, absence from work,

and health-care costs, as well as improving the quality of life.

Regular exercise has been shown to have many positive effects on other chronic diseases than
asthma, for example by reducing the risk of cardiovascular diseases, diabetes, obesity, hypertension
and depression [5]. However, its potential effects on asthma control are still poorly understood [6],
and advice to avoid exercising has previously been routinely given to asthmatics because of fear for
exercise-induced asthma symptoms. The results of a cross-sectional survey of over 12,500
asthmatic adults from the United States showed that less than one fourth of the participants engaged
in physical activity for at least 150 min per week [7]. In addition, a Korean study showed that more
than half of the 514 asthmatics did not exercise regularly at all [8]. One reason for low physical
activity among adult asthmatics may be the lack of research on how regular exercise will affect
asthma control. Based on our systematic review and meta-analysis of clinical trials [6], regular
exercise improves maximal oxygen consumption, but evidence on its potential effects on asthma
control and/or quality of life was inconclusive although some individual studies showed evidence of
improving asthma control. The results on effects on lung function were inconclusive. Small sample
sizes, lack of control group, and heterogeneous outcome measures limited the possibility to make
any definite conclusions concerning the effects of regular exercise on asthma control. We found
that no previous study had assessed potential effects of regular exercise on asthma control among
young adults. To fill in this gap of knowledge, we hypothesized that regular exercise is directly
related to a better asthma control in young adults.

Methods

Study design and study population
This was a population-based cross-sectional study assessing potential effects of regular exercise on

asthma control. The baseline study population was from the Espoo Cohort Study that was



established in 1991 [9]. At the baseline, the cohort members were living in the city of Espoo that is
located in the Helsinki metropolitan area, Finland. Espoo is the second largest municipality in South
Finland, with a population of 274,500 in 2015. The baseline source population included all children
living in the city of Espoo, Finland, who were born between January 1st, 1984, and December 31st,
1989. In 2010-2011 we conducted the 20-year follow-up with a questionnaire sent to all members of
the baseline population. We received a total of 1623 responses, giving the response rate of 63.2%.
In the present analyses, we included all subjects who reported having current asthma in the 20-year
follow-up (n=164). The final study population consisted of 162 young adults aged 20-27, as two
asthmatics did not answer the questions on exercise habits. The follow-up study protocol was

approved by the Ethics Committee of the Oulu University Hospital.

Definition of asthma and assessment of asthma control

Asthma was defined based on questionnaire replies, applying pre-defined criteria that are shown in
Figure 1. Current asthma was defined as “having ever doctor-diagnosed asthma” AND [“use of any
asthma medication” OR “occurrence of asthma-related symptoms”] in the past 12 months. Asthma
diagnosis was further checked in relation to the Finnish Social Insurance Institution’s records on the

reimbursement right for asthma medications [10].

The questionnaire asked about the cohort member’s asthma symptoms, use of asthma medications,
and exercising in the past 12 months. Asthma-related symptoms included wheezing, shortness of
breath, cough, and phlegm production. Asthma control was evaluated by the occurrence of these
symptoms in the past 12 months, and the asthma symptom score was calculated based on the
frequencies of these symptoms. The frequency of symptoms was asked by the following questions:
“How often during the past 12 months did you experience this symptom?” and the alternatives
were: 1) “Almost daily”, 2) “On 1-3 days per week”, 3) “On 1-3 days per month” and 4) “Less
often than on 1 day per month”. The alternatives were graded from 3 (corresponding to ‘Almost
daily’) to 0 points (corresponding to ‘Less often than on 1 day per month’). The final asthma
symptom score for each subject was calculated by combining the scores of all these four symptoms,

giving a range for the asthma control of 0 to 12.

Assessment of regular exercise
Assessment of regular exercise was based on information given in the self-administered

questionnaire. The subjects were asked to report how many hours/week they usually exercised in
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the leisure time so that they became at least slightly breathless and sweaty. This question referred to
exercising in the past 12 months. Subjects were then divided into four exercise quartiles according
to the reported amount of weekly exercise. In the “No exercise” quartile the subjects reported
exercising for 0 hours/week. The amounts of reported exercise in the other categories were: > 0 -
2.0 h/week for the “Low exercise” category, >2.0 - <5 h/week for the “Medium exercise” category,

and >5.0 h/week for the “High exercise” category.

Covariates

Potential determinants of asthma control were considered as potential confounders and they were
included as covariates in the model. These included gender, age, smoking, exposure to
environmental tobacco smoke (ETS), and education. Body mass index (BMI) is also a potential
determinant of asthma control, but it is influenced by regular exercise, i.e. it is in the causal
pathway from exercise to asthma control, and therefore we did not include it as a confounder.
Instead we conducted stratified analyses, where BMI was divided into low (<18), normal (>18 to
25), slightly overweight (>25 to 30), and overweight (>30) categories. Men and women were

analyzed separately to evaluate potential differences between genders.

Statistical methods

We estimated the relation between regular exercise and asthma control, while adjusting for potential
confounding. Further, we estimated the adjusted risk ratio for the occurrence of weekly asthma-
related symptoms according to the amount of exercising.

On the basis of our preliminary analyses, asthma control was on average worst in the “Low
exercise” category rather than in the “No exercise” category, and the “No exercise” category was
very small. Therefore, we used the “Low exercise” category as the reference category throughout

the analyses.

We compared the mean of asthma symptom score and the risk of weekly asthma-related symptoms
among these quartiles of regular exercising. We also assessed the effect of quantitative regular

exercise (in h/ week) on the asthma symptom score.

In the crude analyses, we compared the mean asthma symptom score between the quartiles of the
amount of exercising. We estimated the adjusted mean score differences between the exercise and
reference categories applying Poisson regression models using identity link function. For the

relation between regular exercise and asthma symptom score, we also fitted a parametric
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quantitative variable of regular exercise (i.e. h/week). We estimated the adjusted risk ratios (RRs) of
asthma-related symptoms contrasting each exercise category to the reference category applying
Poisson regression with a logarithmic link function. These analyses were carried out using the
GENMOD-procedure in the SAS software (SAS 9.3, SAS Institute, North Carolina).

Results

Characteristics of the study population

Atotal of 164 of the 1623 study subjects had current asthma, i.e. 9.4 % of the baseline study
population. Altogether 162 subjects of these (98.8 %) were eligible to be used in our analyses (while
2 subjects with missing information on exercise habits were excluded). Table 1 presents
characteristics of the study population according to the exercising quartiles. There were more
women (58.6 %) than men (41.4%) among asthmatics. Over one third (35.2 %) of the study subjects
were current smokers, 8.6 % were ex-smokers, while 56.2% were never smokers. 42.6 % of all
asthmatics were exposed to environmental tobacco smoke. Men reported the highest exercise
amount more commonly than women. The amount of exercise reduced with active smoking and
exposure to environmental tobacco smoke. Particularly in the overweight group, body mass index
increased in the lower exercise quartiles. Subjects of the total study population exercised on average
3.88 h/week. The amount of mean weekly exercise was somewhat higher in men (4.47 h/week)

compared to women (3.46 h/week).

Table 2 presents the prevalence of weekly asthma-related symptoms as well as the mean asthma
symptom score according to the exercise quartiles. Asthma control was relatively good in the study
population in general, when assessed based on the occurrence of the four main asthma-related
symptoms. The prevalence of wheezing decreased from no to > 5 hours per week of regular
exercise. For the other symptoms and the asthma symptom score, the relation between the
prevalence of symptom and the amount of exercise was non-linear: the prevalences and the mean
score decreased according to an increasing amount of weekly exercise from low to high exercise

category, but the prevalence was also lower in the “No exercise” than “Low exercise” category.

The relation between regular exercise and asthma symptom score
Table 3 shows the relation between the amount of regular exercise and asthma symptom score.
Regular exercise was fitted in Poisson regression analysis applying two different ways: as three

indicator variables and as a continuous variable. There was a decrease in the mean asthma symptom



score from the reference (i.e. “Low exercise”) to the “High exercise” category. This observation
changed only slightly when adjusting for confounding. In the final model, the asthma symptom
score reduced statistically significantly by 0.09 points/1 hour of exercise per week (adjusted effect
estimate: -0.09, 95 % CI: -0.17 to -0.00). Applying the “Low exercise” quartile as the reference
category, “No exercise” reduced asthma symptom score by 0.59 points (-0.59; 95 % CI: -2.28 to
1.09), “Medium exercise” by 0.66 points (-0.66; -1.72 to 0.39), and “High exercise” by 1.13 (-1.13;
-2.22 t0 -0.03, i.e. statically significant), when adjusting for confounding. Among women, the
asthma symptom score was statistically significantly greater in the “No exercise” quartile compared

to the reference category.

Only 6 subjects of the study population were underweight. The effect of regular exercise on the
asthma symptom score in this group was 0.77 (95 % ClI: -1.11 — 2.65, i.e. statistically
nonsignificant). Among normal weight subjects, the effect estimate of regular exercise on the
symptom score was -0.35 (95 % CI: -0.95 — 0.23), among the slightly overweight -0.81 (95 % CI:
-1.56 - -0.05, i.e. statistically significant), and among the overweight -1.87 (95 % CI: -2.61 - -1.12,
i.e. statistically significant). Thus, in addition to showing a decreasing trend of weekly asthma-
related symptoms with increasing exercise in general, such relations were statistically significant

especially among the two overweight categories.

The risk of individual asthma-related symptoms in relation to regular exercise

The relation between regular exercising and the risk of individual asthma-related symptoms showed
two different patterns: 1) The risk of wheezing decreased monotonously from no to high exercise
category, and 2) The risk of cough, phlegm and shortness of breath was highest in the low exercise
category and it decreased both in comparison to no and with increasing (high) amount of exercise.
Table 4 presents the RRs (risk ratios) of the asthma-related symptoms when contrasting to the “Low
exercise” quartile of regular exercise, and per one hour per week of exercise. These results were not
statistically significant. For wheezing, we used also “No exercise” as the reference category: in this
model the risk of wheezing was significantly lower in the high exercise category compared to the
reference category, with an adjusted RR of 0.29 (95 % CI: 0.10 to 0.91).

Discussion

Main findings

Our results of a population-based study from Espoo in Southern Finland showed that the occurrence



of asthma-related symptoms was associated with the amount of weekly regular exercise reduces in
young adults. If this association was considered causal, regular exercise should become an added
important component of asthma self-management programs. The strongest association in the asthma
symptom score was observed in relation to high-intensity exercise, showing a dose-dependent
association between the amount of regular exercise and measures of asthma control. The association
between regular exercise and asthma control was strongest among slightly overweight and
overweight subjects.

Validity of the results

Our study population included young adults who had current asthma in the 20-year follow-up of
this cohort study. The follow-up rate was 63.2%, which we consider good when taking into account
the age groups of this study population and the long follow-up period. The definition of asthma was
first based on parent-reported and later on self-reported doctor-diagnosed asthma. Due to the
national public health care system in Finland, people with symptoms of asthma have easy access to
medical examination and diagnostic tests. The national reimbursement system for asthma
medications provides an economic incentive for actually having potential asthma diagnosed by a
physician [9, 11]. These factors are likely to reduce any misclassification of asthma in our study

population, at least among asthmatics with moderate to severe symptoms.

The determinant of interest was the duration of weekly exercise causing breathlessness and
sweating. This was measured by information given in the self-administered questionnaire.
According to our experience such an approach produces results that are most relevant as they are
directly applicable to clinical practice. Although intensity of exercise is often measured by heart rate
in laboratory conditions, in everyday practice most people pay attention to the duration of exercise
and potential sweating as a consequence of exercising rather than measure their heart rate. Using
duration as the measure of exercise increases the subject’s ability to follow the recommendations

given by the health care team.

We used the self-reported weekly frequency of asthma-related symptoms as the measure of asthma
control. According to the American Thoracic Society/European Respiratory Society Guidelines [12]
there is no gold standard for the definition of asthma, and therefore, there is neither gold standard
for the assessment of asthma control. The occurrence of asthma-related symptoms represents a
central component of the of asthma control [12]. The symptom occurrence is loosely related to the

other three important components of asthma control, including airway obstruction, airway
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hyperresponsiveness, and airway inflammation. The lack of information on these other components
as well as, for example, on the use of asthma medication is a relative limitation of the present study.
According to the ATS/ERS Guidelines [12], asthma control should be evaluated by a combination
of symptoms, as measured for example by the asthma symptom score, rather than by individual
symptoms separately. Consistently with these guidelines, we observed the strongest positive effect
of regular exercise on asthma control when applying the asthma symptom score rather than when

applying individual asthma symptoms separately.

Any major selection bias is unlikely in the assessment of the relation between regular exercise and
asthma control, as our study achieved a relatively high follow-up rate. Further, introduction of
selection bias would require selection related to both occurrence of asthma symptoms and the
amount of exercise. Information on exercise was self-reported and reporting could be related to the
frequency of respiratory symptoms experienced. However, we found no studies suggesting that the
occurrence of respiratory symptoms among asthmatics would influence reporting of the amount of
exercise. A plausible scenario is that asthmatics with symptoms would overestimate the duration of
exercise because of their disturbing symptoms. This would lead to underestimation of the beneficial
effects of exercise on asthma control, i.e. in that case regular exercise would in reality have an even

stronger beneficial effect on asthma control than estimated in our study.

We adjusted for several known or suggested determinants of asthma-related symptoms, i.e. asthma
control, including gender, age, smoking, ETS exposure and education, as potential confounders by
applying multivariate regression analyses. BMI was considered a potential effect modifier rather
than a confounder, as explained in the Methods.

In the bivariate analyses, there was some indication that the relation between regular exercise and
asthma control, especially the symptom score, is non-linear (see Table 2). The lowest asthma
symptom score (i.e. the best asthma control) was observed in the “Low exercise” category (>0 to 2
h per week) rather than in the “No exercise” category. The symptom score was lower with both
increasing and decreasing amount of exercise. We elaborated further this possible non-linearity by
using the “Low exercise” category rather than “No exercise” as the reference. We hypothesised that
regular exercise improves asthma control, but the poorest asthma control could lead to complete or
substantial avoidance of regular exercise. This would manifest as such non-linear relation. The
finding of the higher asthma symptom score in the “no exercise group” compared to “low exercise

group” is based on a rather small number of observations and could also be explained by chance.
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We collected information on regular exercise only in the 20-year follow-up survey and therefore,
our findings are based on the cross-sectional analysis of data. Thus, our findings are consistent with
the hypothesis that regular exercise improves asthma control, but we cannot establish a definite

temporal relation between exercise and asthma control.

Synthesis with previous knowledge

Based on our systematic literature search, this is the first study that estimates the relation between
the amount of regular exercise and asthma control among young adults. Our recently published
systematic review and meta-analysis [6] showed that regular exercise improves physical fitness of
adult asthmatics [6]. It has been suggested that regular exercise may have beneficial effects on the
airway smooth muscle layer and on breathing pattern and that these effects could lead to reduced
bronchial hyperresponsiveness [13]. In addition, better physical fithess may be associated with a
higher threshold for experiencing breathlessness, and thus, a higher breathing reserve in daily
activities of asthmatic subjects. A laboratory-based study of 68 asthmatics between 20 and 50 years
of age [14] suggested that aerobic training leads to a significant decrease in airway inflammation,
measured by sputum eosinophils and exhaled nitrogen oxide. The authors suggested that decreased
inflammation of the airways may lead to increased resistance against infections, which would be
beneficial for asthma control. A recent randomized trial of 58 clinically stable adult asthma patients
reported that aerobic training improved (i.e. reduced) bronchial hyperresponsiveness and reduced

asthma exacerbations [15].

In a previous longitudinal study, regular physical activity reduced the risk of asthma exacerbation
among middle-aged women [16]. A Finnish population-based study initiated in the 1970s
investigated 178 asthmatics older than 30 years and showed a significant positive association
between the intensity of physical activity and spirometric lung function [17]. However, in
intervention studies reviewed by Heikkinen et al. [6], evidence on potential effects of exercising on
asthma control and/or quality of life was inconclusive, although some individual studies showed

evidence of improving asthma control.

Conclusions
In conclusion, our findings are consistent with the hypothesis that regular exercising improves
asthma control among young adults. Due to cross-sectional study design of this study, the

temporality between exercise and asthma control cannot be definitely established, and therefore,
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these findings need strengthening by results from longitudinal studies, preferably from randomized

controlled trials.
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AND

Have you ever been

diagnosed having
asthma?

Figure 1

Have you used any asthma medication during the last
12 months?

OR

Have you had recumrent or prolonged (more than a
month) cough, while not having aflu, dunng the last 12
months?

OR

Have you had prolonged (more than a month) or
recurrent secretion of phlegm from hungs dunng the

during the last 12 months?

Current asthma

last 12 months?
OR Were you having wheezing
duning last 12 months when
/ not having a flu?
Have you had any wheezing OR

Were you having wheezing

during the last 12 months

OR most of the days and nights?

Have you had any shortness of breath during the last 12

months?

Figure 1. The questions defining current asthma.
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Table 1. Characteristics of the study population (N=164).

Exercise (hours per week)

Characteristic No Low Medium High Total
(0h) (>0-2h) (>2<5h) (>5h)
16 (9.9%) |53(32.7%) | 39 (24.1%) 54 (33.3%) | 162*

Age mean, (range) 22.9 (20- 26) | 23.2 (20- 26) | 22.8 (20-26) 22.8 (20-26) | 22.9 (20-26)
Missing 0

Gender

Men 7 (43.8 %) 20 (37.7%) | 12 (30.8 %) 28 (51.9 %) | 67 (41.4 %)
Women 9(56.3%) | 33(62.3%) | 27 (69.2 %) 26 (48.2%) | 95 (58.6 %)
Missing 0

Body mass index
<18 1 (6.3 %) 3 (5.8 %) 1(2.7 %) 1 (1.9 %) 6 (3.8 %)
>18<25 7 (43.8 %) 32(61.5%) | 27 (73.0 %) 35 (66.0 %) :/z))l (833

> 25 < 30 4 (25.0 %) 12 (23.1%) | 7(18.9 %) 15 (28.3%) | 38 (24.1 %)
> 30 4(250%) | 5(9.6%) 2 (5.4 %) 2 (3.8 %) 13 (8.2 %)
Missing 4

Education

Comprehensive or 6 (37.5 %) 25 (47.2%) | 19 (48.7 %) 30 (57.7 %) | 80 (50.0 %)
upper secondary
Vocational school 7 (43.8 %) 17 (32.1%) | 6 (15.4 %) 11 (21.2 %) | 41 (25.6 %)
Academic degree 3(18.8 %) 11 (20.8 %) | 14 (35.9 %) 11 (21.2 %) | 39 (24.4 %)
Missing 2

Smoking

Never smoker 8 (50.0 %) 26 (49.1%) | 18 (46.2 %) 39 (72.2%) | 91 (56.2 %)
Ex-smoker 0 (0.0 %) 5 (9.4 %) 5 (12.8 %) 4 (7.4 %) 14 (8.6 %)
Current smoker 8 (50.0 %) 22 (41.5%) | 16 (41.0 %) 11 (20.4 %) | 57 (35.2 %)
Missing 0

Second hand smoking

Yes 10 (62.5%) | 27 (50.1%) | 18 (46.2 %) 14 (25.9 %) | 69 (42.6 %)
No 6 (38.0 %) 26 (49.1%) | 21(53.9 %) 40 (74.1%) | 93 (57.4 %)
Missing 0

*Information on exercise missing for 2 subjects
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Table 2. The occurrence of weekly asthma-related symptoms and asthma symptoms score according to the amount of
exercise (in h/week).

Exercise (in hours per week) Total

No Low Medium High
Symptom

(0 h) (>0-2h) (>2-<5h) (>5h)
Wheezing 5(31.3 %) 7 (13.2 %) 4 (10.3 %) 4 (7.4 %) 20 (12.3 %)
Shortness of

2 (12.5 %) 9 (17.0 %) 3 (7.7 %) 3 (5.8 %) 17 (10.6 %)
breath
Cough 3 (18.8 %) 10 (19.2 %) 4 (10.3 %) 6 (11.1 %) 23 (14.3 %)
Phlegm 3 (18.8 %) 13 (24.5 %) 10 (25.6 %) 8 (14.8 %) 34 (20.1 %)
Asthma
symptom score
Mean (95% CI1) | 4.13(3.13-5.12) | 4.33(3.78-4.90) | 3.67 (3.07-4.27) | 2.85(2.40-3.30) | 3.66 (3.23-4.10)

Table 3. The effect of regular exercise on the asthma symptom score used to assess asthma control.

No Reference* Medium High Per hour**

(Oh) (>0-2h) (>2-<5h) (=>5h)
Total (n) 16 53 39 54
Crude -0.21 4.34 -0.67 -1.49 -0.13

(-2.05 - 1.62) (-1.76 —0.41) | (-2.51 —-0.46) | (-0.20 —-0.07)
Adjusted -0.59 3.92 -0.66 -1.13 -0.09

(-2.28 — 1.09) (-1.72-0.39) | (-2.22--0.03) | (-0.17 —-0.00)
Men
Crude 0.92 4.50 -1.33 -1.79 -0.13

(-2.20 — 4.06) (-2.96 - 0.29) | (-3.22--0.35) | (-0.22 —-0.05)
Adjusted 0.44 3.82 -1.37 -1.30 -0.10

(-2.23 - 3.12) (-2.81-0.07) | (-2.66 —0.07) | (-0.22 —0.01)
Women
Crude -1.13 4.24 -0.35 -1.24 -0.12

(-3.05—0.79) (-1.76 —=1.05) | (-2.69-0.21) | (-0.25-0.01)
Adjusted -1.58 411 -0.24 -1.03 -0.07

(-3.10 — -0.06) (-159-1.12) | (-2.33-0.27) | (-0.17-0.03)

Results are shown as Beta (95% CI), low exercise group as the reference category.
Adjusting for: gender, age, smoking, environmental tobacco smoke exposure, and education.

*Represents the intercept in the regression model, **Excluding subjects in the no category
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Table 4. The effect of regular exercise on weekly symptom occurrence.

Exercise No Reference | Medium High Per hour*
(Oh)
(h per (>0-2h) | (>2-<5h) (>5h)
week)
Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted
Symptom | RR RR RR RR RR RR RR RR
(95%Cl) (95%Cl) (95% CI) (95% CI) (95% ClI) (95% CI) (95% CI) (95%Cl)
Wheezing | 2.37 244 1.00 0.78 0.78 0.56 0.73 0.90 0.94
(0.87-6.44) | (0.98-6.07) (0.24-2.47) (0.23-2.65) (0.17-1.80) (0.19-2.75) | (0.78-1.04) | (0.81-1.10)
Cough 0.98 0.90 1.00 0.53 0.57 0.58 0.84 0.93 0.96
(0.31-3.12) | (0.29-2.81) (0.18-1.57) (0.20-1.60) (0.23-1.48) (0.30-2.34) | (0.81-1.06) | (0.85-1.09)
0.73 0.45 0.34 0.41 0.82 0.85
Shortness 0.78 1.00 0.46
of breath | (1.18-3.07) (0.23-2.60) (0.13-1.56) (0.13-165) (0.10-1.19) (0.11-1.52) | (0.67-1.01) | (0.68-1.06)
Phlegm 0.76 0.70 1.00 1.04 1.15 0.60 0.85 091 0.95
(0.24-2.35) | (0.22-2.11) (0.51-2.13) (0.55-2.44) (0.27-1.34) (0.37-1.97) | (0.82-1.01) | (0.86-1.04)

RR = risk ratio, Cl = confidence interval; adjusting for: gender, age, smoking, environmental tobacco smoke
exposure, and education

*Excluding subjects in the no category
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