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INTRODUCTION

ABSTRACT

Cigarette smoking is considered as one of the main factors of developing
chronic respiratory diseases (CRDs), but very few studies had been performed
showing comparative association between different CRDs and cigarette
smoking. This study attempts to determine and compare the association of
cigarette smoking with different CRDs including chronic obstructive
pulmonary disease (COPD), chronic bronchitis (CB), and asthma altogether in
the context of Bangladesh. This case-control study was conducted among 406
subjects, where 297 were cases of chronic respiratory illness and 109 were
controls. The diagnosis of each respiratory diseases (either asthma or CB or
COPD) was confirmed by registered physicians. Of 98 COPD patients, 100 CB
patients, 99 asthma patients and 109 controls, current smokers were found as
67.3%, 58%, 41.4%, and 33.9%, respectively. Current smokers with Brinkman
Index (BI)> 400 were 43.9%, 39.7%, 26.9% and 8.2% for COPD, CB, asthma, and
control group, sequentially. Regarding unadjusted association between
cigarette smoking and different CRDs, current smokers with BI> 400 had 4.55,
21.75 and 13.14 times significantly higher chances of developing asthma, COPD
and CB respectively than non-smokers. Logistic analysis revealed that after
adjustment with age, body mass index (BMI) and gender, current smokers with
BI> 400 had 6.01, 15.63 and 33.47 times more likelihood of developing asthma,
CB, and COPD respectively than non-smokers; and these findings were
significant as well. Thus, it can be concluded that cigarette smoking affected
COPD more pronouncedly followed by CB and asthma among the study
population.

middle-income countries like Bangladesh where

Chronic respiratory diseases (CRDs), mainly known
for its long-term effects on the airways and other
anatomies of the lung, include chronic bronchitis (CB),
chronic obstructive pulmonary disease (COPD),
asthma, emphysema, lung fibrosis etc. [1,2]. Globally 4
million people face premature death from CRDs every
year [3]. Approximately, 544.9 million people had
CRDs worldwide in 2017, indicating 39.8% increase
from 1990 and thus became the third major cause of
death [4]. This burden is higher among the low-and

public policies to tackle the prime risk factors of CRDs
are nearly absent [4].

Among all the CRDs, asthma is the most prevalent
which has a direct effect to 14% of the children
worldwide [5]. Around 235 million people have
asthma around the globe [6] and it is rising gradually
[7]. In Bangladesh, the overall prevalence of asthma
was reported around 10.7% with slightly higher
prevalence among the male population [8]. COPD was
the second most leading cause of CRD-attributable
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deaths around the world in 2017, where 55.1% men
and 54.8% women were suffering from it [4]. In
Bangladesh, the pooled prevalence of COPD among
12.5% [9], which
substantially higher than many countries (Malaysia,
India, Hong Kong etc.) in Asia [9]. Regarding CB, the
prevalence has been reported around 2.6-16% among
general population in different population-based
studies [10, 11] and around 7.4-53% among the COPD
patients [11]. There are several risk factors of CRDs
including biomass fuel usage, outdoor and indoor air
pollution, occupational exposures, and so on [3, 12].

the adult population was is

However, cigarette smoking is considered as the
prime risk factors of developing COPD, asthma, and
CB [7, 13, 14].

In Bangladesh, cigarette accounts for nearly half of all
the [15]. More than 50%
Bangladeshi men >25 years of age smoke either
cigarettes or bidis [15, 16]. According to an earlier
study, 172 men died of CRDs from 2003 to 2010 in
Bangladesh, of which 84.9% were ever-smokers [15].
In case of COPD in Bangladesh, smoking history (both

tobacco smoked of

current and former) had been a significant predictor,
where the duration of smoking has also been emerged
an independent risk factor [15]. Furthermore, the
study based on the rural community of Bangladesh
showed that out of 362 current smokers, 11.6% had CB
and 9.7% had asthma [17]. However, there has been no
study conducted in Bangladesh showing how the
effect of cigarette smoking varies among different
CRDs while taking either individual or altogether into
account. Therefore, this study aimed to determine and
compare the association of cigarette smoking with
different CRDs like COPD, CB, asthma in the context
of Bangladesh.

MATERIALS AND METHODS
Study site, subjects, and procedures

This case-control study was performed among 406
subjects from December 2019 to August 2020 at the
Department of Respiratory Medicine of Dhaka
Medical College Hospital, Dhaka, Bangladesh. Both
case and control subjects were selected randomly, and
their ages were between 23 and 72 years. Data were
collected  based
questionnaire including demographic information and
history of cigarette smoking. The presence of each
type of respiratory illness (either asthma or CB or
COPD) was confirmed through medical diagnosis

on structured close-ended

performed by registered physicians; and the
researchers noted that immediately at the examination
room. Shortly, asthma was confirmed if the subjects
showed positive bronchodilator in
spirometry test, and if there was any presence of at
least one asthmatic symptom (wheeze, coughing,
phlegm, short breathlessness, morning cough, chest
tightness, etc.) [18]. CB was defined if the subjects’
chronic chough and sputum production persisted for
at least three months for two consecutive years [19].
COPD was confirmed by spirometry testing, that is

when the ratio of forced expiratory volume (FEV1) to

reversibility

forced vital capacity (FVC) was found less than 0.70
[FEV1/FVC<0.70] at post-bronchodilator spirometry
according to GOLD criteria [12]. Subjects who had
asthma or CB with airways  obstruction
(FEV1/FVC<0.70 at post-bronchodilator spirometry)
were considered as COPD in present study. Age-
matched apparently healthy subjects were chosen as
control who had no past history of any kind of
respiratory disease.

Sample size calculation

Sample size (n) was calculated using this formula:
n=(z2 p(1-p))/d?; where:

z = Standard normal deviate at 95% confidence level

p = Prevalence of respiratory disease among the
population of Bangladesh

d = Margin of error

Now, there is a variation in prevalence for different
respiratory diseases of Bangladesh; like for asthma
and COPD, it is 6.9% and 12.5% respectively [20, 21].
So, if z = 1.96, d = 5% =0.05, then at 95% confidence
interval, sample size n becomes 98 and 168 for
prevalence (p) 6.9% and 12.5% separately. However,
to capture the holistic dimension of hospital going
patients respiratory
Bangladesh, we initially thought of 250 cases in total.
And adding 20% non-response, it becomes 300. So, our
final cases became 297 depending on participants’
availability and consent. And approximately for every
3 cases, we found 1 control and thus we got 109
controls in total. As a result, our final sample size
accumulated a total of (297 cases + 109 controls) = 406
respondents.

suffering from illness in
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Ethical consideration

The study was performed according to the ethical
standards of human experimentation as per Helsinki
Declaration. The aim and purpose of the study were
explained to the participants and written consent was
taken from everyone. There was no predilection for
gender, and  ethnicity.
confidentiality, and voluntary participation were

race, Anonymity,
ensured for each respondent. Participants’ safety was
ensured, taking into consideration that no physical or
mental stress was caused to them. The study was also
approved from the institution review board,
University of Dhaka (Ref. no. 89/Biol.Scs.).

Statistical analysis

Data analysis was done using SPSS program version
24 software (SPSS Inc., Chicago, USA). Categorical
variables were shown in numbers and percentages.
Since the data followed normal distributions; for
analyzing categorical variables, Pearson's x2 (chi-
square) test was performed and for continuous
variables, student’s t-test was performed. The level of
significance for each result was set at P<0.05. All
statistical tests were 2-sided. Binary logistic regression
analysis was also performed to determine the adjusted
associations between cigarette smoking and each type
of respiratory illness.

RESULTS
Baseline characteristics of the study subjects

Among 406 subjects in total, asthma, CB, COPD and
control subjects represented 24.75% (n=99), 25%
(n=100), 24.5% (n=98) and 27.25% (n=109), respectively
(Table 1). The mean + SD for the age of the control
group was 48.5+11.5 years; and that for the asthma, CB
and COPD group were 46.9+12.4 years, 48.6+12.5 years
and 49.6£11.3 years, sequentially. On the other hand,
the mean + SD for BMI of the control group was found
22.3+3.8 kg/m? and that for the asthma, CB and COPD
group were 21.6+4.1 kg/m2, 21.7+4.0 kg/m2 and
22.2+4.0 kg/m? respectively. The proportion of female
subjects was found slightly higher than male subjects
in control and asthma group only. The majority of the
respondents belonged to age> 40 years, normal BMI
and primary level education for both case and control
groups. No significant differences were observed
regarding subjects’ age, BMI, gender and education
for all groups (Table 1).

The habit of cigarette smoking significantly differed
among the study subjects

Table 2 presented cigarette smoking habit of the study
subjects. Of the total 109 control subjects, 66.1% (n=72)
were found with no smoking habit, whereas that for
the asthma, CB and COPD group were 58.6% (n=58),
42% (n=42) and 32.7% (n=32), one by omne. The
Brinkman index (BI) among the current smokers was
from 15 to 1000. BI>400 was found among 8.2% of
control subjects, 26.9% of asthma subjects, 39.7% of CB
subjects and 43.9% of COPD subjects, and that
significantly differed when compared with subjects of
BI<400 (Table 2).

Association of cigarette smoking with asthma, CB,
and COPD

To observe the association of cigarette smoking with
asthma, CB and COPD, the BI of the current smokers
of each respiratory disease group was divided into
two categories: BI<400 and BI> 400 and were
compared with non-smokers (BI=0) (Figure 1). It was
derived from the result that current smokers with
BI<400 had 1.09 times higher chance of developing
asthma, 2.44 times higher chance of developing COPD
and 1.76 times higher chance of developing CB than
non-smokers. The risks of developing COPD and CB
for the current smokers with BI<400 was also
significant compared to non-smokers. On the other
hand, current smokers with BI> 400 had 4.55 times
higher chance of developing asthma, 21.75 times
higher chance of developing COPD and 13.14 times
higher chance of developing CB compared to non-
smokers and all these differences were significant too
(Figure 1).

Cigarette smoking showed significant effects on

asthma, CB, and COPD after adjustments

Finally, we performed binary logistic regression
analysis to observe the adjusted odds of having
asthma, CB, and COPD after considering age, gender,
BM], smoking habit (Table 3). Here, all
independent variables were categorized considering
age<40 years, male gender, normal BMI, and non-

and

smokers as reference group. We found that after
adjustments with age, BMI and gender, current
smokers with BI<400 had increased the chance of
having asthma, CB, and COPD as 1.12, 1.62 and 3.39
times higher, respectively than non-smokers. Here,
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only COPD vs Control group showed significance. On  increased the chance of having asthma, CB, and COPD
the other hand, after adjustments with age, BMI and  as 6.01, 15.63 and 33.47 times higher, respectively than
gender, current smokers with BI> 400 had significantly =~ the non-smokers (Table 3).

Table 1. Baseline characteristics of the study subjects

Demographic factors Control Asthma alone CB COPD p-value
(n=109) (n=99) (n=100) (n=98)

Age (years) 48.5+11.5 46.9+12.4 48.6+12.5 49.6+11.3 0.44

Age

<40 years 36 (33%) 35 (35.4%) 35 (35%) 26 (26.5%)

> 40 years 73 (67%) 64 (64.6%) 65 (65%) 72 (73.5%) 0.52

Gender

Female (n=202) 59 (54.1%) 53 (53.5%) 45 (45%) 45 (45.9%)

Male (n=204) 50 (45.9%) 46 (46.5%) 55 (55%) 53 (54.1%) 0.41

BMI (Kg/m?) 22.3+3.8 21.6+4.1 21.7+4.0 22.2+4.0 0.55

BMI category

Underweight (n=82) 18 (16.5%) 23 (23.2%) 23 (23%) 18 (18.4%)

Normal weight (n=235) 63 (57.8%) 56 (56.6%) 58 (58%) 58 (59.2%) 0.80

Overweight (n=89) 28 (25.7%) 20 (20.2%) 19 (19%) 22 (22.4%)

Education

Primary level (n=190) 51 (46.8%) 39 (39.4%) 48 (48%) 52 (53.1%)

Secondary level (n=146) 39 (35.8%) 38 (38.4%) 40 (40%) 29 (29.6%) 0.34

Graduate (n=70) 19 (17.4%) 22 (22.2%) 12 (12%) 17 (17.3%)

Table 2. Distribution of cigarette smoking habit among control, asthma, CB, and COPD subjects

Cigarette smoking habit Control Asthma alone CB COPD P-value
(n=109) (n=99) (n=100) (n=98)

Never (BI'=0) (n=204) 72(66.1%) 58(58.6%) 42(42%) 32(32.7%) 0.00

Current (15<BI<1000) (n=202) 37(33.9%) 41(41.4%) 58(58%) 66(67.3%)

BI category among current smokers

BI<400 (n=136) 34(91.8%) 30 (73.1%) 35 (60.3%) 37 (56.1%)  0.00

BI>400 (n=66) 03 (8.2%) 11 (26.9%) 23 (39.7%) 29 (43.9%)

1 Bl is the number of cigarettes smoked per day multiplied by the number of years of smoking. It is normally used to evaluate the cumulative
dose of smoking.

100 Figure 1. Association of cigarette smoking with asthma, COPD and
CB. The odds ratio (ORs) with 95% confidence interval (CI) of
having asthma, COPD and CB among the non-smokers (BI=0) and

21.75 current smokers (BI<400 and BI> 400) were shown. Current smokers
5 10 13.14 with BI> 400 showed significantly higher ORs for asthma, COPD
° and CB compared to non-smokers, while current smokers with BI<
Y 4.55 400 showed significantly higher ORs for COPD only compared to
g 2.44 176 non-smokers (BI=0).
1| m1® 109 o1 Al
0.1
BI=0 Bl B BI=0 Bl BI BI=0 Bl B

<400 2400 <400 >400 <400 2400

Asthma CoPD CB
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Table 3. Binary logistic regression analysis

Asthma vs control CB vs control COPD vs control
Age
<40 years 1 1 1
> 40 years 0.71 (0.39 - 1.3); p=0.27 0.63 (0.33 - 1.19); p=0.16 0.92 (0.48 - 1.77); p=0.80
Gender
Male 1 1 1
Female 0.85 (0.44 - 1.63); p=0.63 0.93 (0.49 - 1.76); p=0.83 0.51 (0.25 - 1.08); p=0.08
BMI category
Normal weight 1 1 1
Underweight 1.54 (0.74 - 3.20); p=0.25 1.84 (0.84 - 4.03); p=0.12 1.25 (0.55 - 2.83); p=0.60
Overweight 0.67 (0.32 - 1.37); p=0.27 0.79 (0.38 - 1.68); p=0.55 0.84 (0.40 - 1.78); p=0.66
Smoking habit
Never 1 1 1
BI <400 1.12 (0.55 - 2.28); p=0.75 1.62 (0.83 - 3.18); p=0.16 3.39 (1.60 - 7.18); p=0.001
BI >400 6.01(1.50 - 24.08); p=0.01 15.63 (4.3 - 57.91); p=0.00 33.47 (8.44 - 132.6); p=0.00
DISCUSSION study, BI> 400 was found among 43.9%, 39.7% and

This study illustrated the comparative association
between cigarette smoking and CRDs from different
gradients, which is a unique kind of study done in the
perspective of Bangladesh. Bangladesh is facing an
epidemic of respiratory diseases where 1,035 people
die every year of COPD, and 7 million people are
attacked by asthma each year [22]. So, this study is
very important for addressing the comprehensive
effect of smoking being one of the major risk factors of
CRDs.

Our study showed that 67.3% of COPD patients, 41.4%
of asthma patients and 58% of CB patients were
smokers. These findings higher
compared to previous studies [21,23.24] that showed
the prevalence of COPD with current smoking habit
were 24.8% in Bangladesh [23] and 18.1% in China
[24]; and the prevalence of asthma patients with
current smoking habit were 5.2% for male and 5.9%
for female smokers [21]. On the other hand, regarding
the prevalence of CB among the current smokers, our

current were

study showed similar finding to a previous study of
South Korea which showed 39.45% current smokers
among 127 were CB patients [25]. However, the habit
of smoking stood up as a crucial predisposing factor
for CRDs, for which further analysis was done to
determine the dimension of its effect on various CRDs.

The present study depicted that the cumulative dose
of smoking significantly related to the different CRDs.
The assessment of cumulative dose of smoking was
evaluated based on BI which was also performed in
several studies earlier [26, 27]. According to present

26.9% of COPD, CB, and asthma patients respectively
that significantly differed than the COPD, CB and
asthma patients with BI<400 respectively. Our finding
was in accord with earlier studies which also showed
that cumulative dose of smoking was significantly
related to COPD 27 and asthma [20].

The present study also tried to determine the
magnitude of association between cigarette smoking
and different CRDs. Interestingly, we found that
cigarette smoking had significant influence on
developing asthma, COPD and CB. We showed that
current smokers with BI >400 had 4.55, 21.75 and 13.14
times significantly higher chances of developing
asthma, COPD and CB sequentially than the control
subjects which supported previous Indian study [28]
that showed cigarette smokers had 1.82- and 2.35
times more influence to having asthma and CB,
independently than non-smokers. Thus, we can
conclude that smoking habit has very good amplitude
of association with CRDs, and most profoundly
associated with COPD followed by CB and asthma.

Lastly, the adjusted association between cigarette
smoking and CRDs was shown in the present study;
and after adjusting age, BMI and gender, current
smokers had significantly 6.01, 15.63 and 33.47 times
more likelihood of getting asthma, CB, and COPD
than non-smokers, respectively. Our findings
supported previous studies where COPD was shown
accounted for the adjusted ORs of 5.5 in the previously
stated Bangladeshi study [21]; and as 2.63 in the
Chinese study [24]. In terms of asthma, earlier study
showed that current smoking habit with 15+ pack-
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years history had 2.37 times greater chance of
developing asthma than non-smokers while adjusted
for other variables 20; and for CB, the adjusted OR
was significantly 1.03 in the South Korean study [25].

The present study had gone through several
limitations. First, data could not be collected from
hospitals of other divisions except Dhaka due to the
unavailability of time and resources. Furthermore, this
hospital-based study might not reflect the global
picture of the whole country. But as our study site was
a public hospital, so all classes of participants had
been found there. Besides, most of the socio-
demographic data were self-reported; there was no
scope to check their authenticity. Moreover, for
determining the association between cumulative dose
of cigarette smoking and CRD, we considered Bl< 400
and BI> 400 which was also considered in other study
[26]. In case of some extreme poor and vulnerable
people from remote areas, they might show negative
attitude in most responses due to inaccessibility or
unaffordability of available health facilities or
commodities; anyhow, special attentions or supports

were given to them during the research.

CONCLUSIONS

This study will guide to the implementation of
strategies to reduce the profound effect of chronic
respiratory diseases through awareness building on
the harmful effects of tobacco smoking, as well as
strengthening anti-tobacco policies. However, further
studies are needed to fully establish the mechanism
regarding the association of smoking with all kinds of
chronic respiratory diseases; and thus, to mitigate the
national burden of mortality from respiratory illness.
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