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Purpose: Previous studies have explored several risk factors for coronavirus disease 2019 
(COVID-19) severity, but there is still a lack of association with smoking. Our study aims to 
find out the association between smoking and COVID-19 severity.
Subjects and Methods: This comparative study was conducted among hospitalized 
severely and critically ill COVID-19 patients, as well as asymptomatic, mild, and moderate 
patients from the list of the city corporation (Dhaka, Bangladesh), as confirmed by reverse- 
transcription polymerase chain reaction (RT-PCR). A total of 2022 adults aged ≥18 years 
were enrolled in this study.
Results: The mean age of the patients was 41.17 years; 66.96% of the patients were male, 
57.02% were aged above 35 years, and 81.50% of the patients had ever been married; and 
33.09% cases were mild and 14.99% were severe. Among the patients, 29.4% were ever- 
smokers. Smoking status, duration, and frequency, and the presence of comorbidities were 
significantly associated with COVID-19 severity (p<0.001). Ever-smokers were 1.35 times 
(95% CI: 0.74–2.45), 1.30 times (95% CI: 0.58–2.87), and 2.45 times (95% CI: 1.07–5.61) 
more likely to be mild, severe, and critical cases in comparison to non-smokers.
Conclusion: This study revealed a strong association between smoking and COVID-19 
severity that calls for mass awareness and cessation campaigns from governments and 
voluntary organizations.
Keywords: COVID-19, smoking, ICU, RT-PCR, Bangladesh

Introduction
The emergence of viral disease has always been a serious threat to public health. 
Over the past two decades, the emergence of severe acute respiratory syndrome 
coronavirus (SARS-CoV) from 2002–2003 and H1N1 influenza in 2009 were 
two big threats to the world in the form of an epidemic and a pandemic.1 

Currently, the world is facing another viral disease, coronavirus disease 2019 
(COVID-19), which was announced as a pandemic by the World Health 
Organization (WHO) on March 11, 2020. According to the Centers for Disease 
Control and Prevention (CDC, 2020), the characteristics of people who are at risk 
of suffering severe illness from COVID-19 are people aged over 65 years; people 
living in a long-term care facility; people with asthma, diabetes, kidney disease, 
liver disease, or heart disease; people who have immunodeficiency as a result of 
disease; and people who have unhealthy behavior, such as smoking.2–6

According to the WHO factsheet (2020), globally, more than 8 million people 
die of tobacco smoking every year, of whom 7 million are direct smokers and 
1.2 million are second-hand smokers.4 Since COVID-19 has a severe stage of 
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pneumonia or respiratory failure, smokers are much sus-
ceptible to severe disease because of their immunocom-
promised lungs.7 In an article from the area of 
pulmonology, Brake et al explained the biological process 
of coronavirus attacking the human body, where they 
stated that smoking is one factor that accelerates the pro-
duction of the angiotensin-converting enzyme-2 (ACE2) 
receptor, which is known to be the receptor of coronavirus, 
and therefore smokers are more vulnerable to this disease 
than non-smokers.8,9 Reviewing seven study reports, Zhao 
et al concluded that although the association between 
smoking and COVID-19 is non-significant, active smoking 
increases the risk of having severe COVID-19 and smo-
kers have 1.98 times greater risk of having the severe 
stage.10

In an evidence-based study conducted in Bangladesh 
from 2009 to 2012, Nargis et al found that 23% of adults 
above 15 years of age are smokers, while in another study, 
the prevalence of second-hand smokers who are exposed 
to smoking at home was found to be 53.5%.11,12 With such 
a large group of direct and indirect smokers, Bangladesh is 
at risk of having a high death toll from COVID-19, 
according to studies on the association between smoking 
and the severity of COVID-19.13 But there is still no 
evidence on how many of the cases or deaths are accom-
panied by severe pneumonia or acute respiratory disease 
syndrome caused by smoking.14 If this information could 
be retrieved, a smoking cessation campaign could be 
emphasized as an initial measure to reduce the death toll 
in the future. Since no research has been conducted on this 
issue so far, to lessen this knowledge gap and to assess the 
true magnitude of the problem, this research is much 
needed in the current situation. Therefore, our aim was 
to explore the association between smoking and the sever-
ity of COVID-19 in Bangladesh.

Materials and Methods
Study Design
This was a comparative study where the data were col-
lected both from hospitals in Dhaka and by telephone 
interviews with COVID-19-positive patients, whose status 
was confirmed by reverse-transcription polymerase chain 
reaction (RT-PCR). The total sample size of the study was 
2022, comprising 355, 669, 361, 303, and 334 samples for 
the asymptomatic, mild, moderate, severe, and critical 
categories, respectively. This was determined using the 
formula of sample size calculation in a comparative 

study setting using 80% power. Hospitals were chosen 
conveniently from where the severe and critical patients 
were selected for interviews. For asymptomatic, mild, and 
moderate cases, interviews were conducted over telephone 
following the list collected from city corporation booths in 
Dhaka. Adult patients of 18 years of age and above were 
included in this study.

Measures
In accordance with the Bangladesh Society of Medicine, 
COVID-19 cases were categorized as asymptomatic, mild, 
moderate, severe, and critical.15 According to the guide-
line from the CDC, only people who have smoked at least 
100 cigarettes and are still continuing to smoke were 
considered as smokers,5 and those who have smoked 
fewer than 100 cigarettes ever were considered as non- 
smokers. The information on smoking was collected by 
asking questions of the study population, mainly focusing 
on whether they have ever smoked cigarettes, and the 
responses were coded as non-smokers=0 and ever- 
smokers=1. All of these queries were asked of all the 
study population, and the categories were determined by 
taking ideas from the mentioned guidelines and previously 
published studies.5

Statistical Analysis
STATA version 16 was used for analyzing the data. 
Descriptive statistics were reported as frequency and per-
centage to characterize the demographic profile of the 
study sample. Differences in socio-demographic factors 
between the five COVID-19-positive groups were pre-
sented using the chi-squared test. For univariate analysis 
of continuous variables, t-test and one-way ANOVA were 
performed. A multinomial logistic regression analysis was 
also performed to assess the effects of risk factors on the 
severity of COVID-19. The associations between exposure 
to smoking and COVID-19 severity outcomes and the 
effects of the potential risk factors on COVID-19 severity 
were investigated using both univariable and multivariable 
logistic regression models. The univariate or unadjusted 
models included only one exposure variable and the out-
come variable each time for all the potential risk factors. 
Then, these associations were progressively adjusted for 
potential confounders in the multivariable (multinomial 
logistic regression) model, including 11 risk factors: gen-
der, age, marital status, educational level, ethnicity, occu-
pation, residence type, smoking status, years of smoking, 
numbers of cigarettes smoked in total, and comorbidities. 
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(Only statistically significant [p<0.05] variables found in 
the univariate analysis of the chi-square test were 
included.) Results were reported as adjusted odds ratios 
(AORs) with 95% confidence intervals (CIs). All statistical 
tests were two sided, and a p-value <0.05 was considered 
statistically significant.

Ethics
All the procedures were conducted following the ethical 
guidelines of the institution’s review board (IRB)/ethical 
review committee (ERC) of North South University, 
Bangladesh (Memo no. 2020/OR-NSU/IRB-No. 0802). 
The ethical standards laid down in the 1964 Declaration 
of Helsinki and its later amendments or comparable ethical 
standards were followed wherever applicable. During the 
face-to-face interview, informed written consent was 
obtained from all the participants involved in the study. 
However, electronic consent was attached to the web- 
based questionnaire, where the nature, purpose, and objec-
tive of the study were clearly stated, along with the 
declaration of confidentiality and anonymity.

Results
Among all 2022 COVID-19 patients, 16.52% of patients 
were critical, 14.99% were severe, 17.85% were moderate, 
33.09% were mild, and 17.56% were asymptomatic. The 
mean age of the patients was 41.17±15.11 years. Overall, 
66.96% of the patients were males and 57.02% were aged 
above 35 years; 33.58% of the patients had studied to 
higher secondary level, 32.05% of the patients were office 
employees; the majority (81.50%) of the patients had ever 
been married, 70.82% of the patients were living in urban 
residential areas, most of them (95.10%) were Bengali, 
and most (91.59%) were Muslim (Table 1).

In the bivariate associations of COVID-19 severity 
outcomes with socio-demographic characteristics by each 
sub-domain, it was observed that gender (χ2=15.81, 
p=0.003), age (χ2=256.70, p<0.001), marital status 
(χ2=183.82, p<0.001), educational level (χ2=115.63, 
p<0.001), occupation (χ2=237.32, p<0.001), residential 
status (χ2=126.56, p<0.001), and ethnicity (χ2=18.20, 
p=0.001) were significantly associated with COVID-19 
severity. Comparing the mean differences between the 
case type of COVID-19 with patients’ age, the mean age 
of the COVID-positive patients (41.17±15.11 years) was 
also significantly different among the five types of 
COVID-19 groups (95% CI: 17.86–22.80; p<0.001).

The results from bivariate associations of COVID-19 
severity outcomes with behavioral factors and comorbid-
ities are presented in Table 2. Among the COVID- 
positive patients, 29.4% were ever-smokers, of whom 
6.92% of patients had smoked for more than 25 years in 
their lives and 28.68% had smoked at least 100 cigarettes 
in their lives. Among all the behavioral factors, smoking 
status (χ2=38.88, p<0.001), duration of smoking 
(χ2=442.99, p<0.001), frequency of cigarettes smoked 
(χ2=58.16, p<0.001), and having any other diseases 
(χ2=472.01, p<0.001) were significantly associated with 
COVID-19 severity. The prevalence of having any other 
diseases was 46.24% for the study participants. 
Comparing the mean differences between the case type 
of COVID-19 with the frequency of cigarette smoking 
years, the average number of cigarette smoking years 
(5.25±10.20) was found to be significantly different 
among the five case types (95% CI: 1.03–10.01; 
p<0.001) (Table 2).

Figure 1 shows the distribution of COVID-19 severity 
among the ever-smokers and non-smokers. More severe 
and critical cases were ever-smokers, at 20.37% and 
18.86%, respectively, whereas it was found that 12.75% 
and 15.55% of severe and critical patients, respectively, 
were non-smokers.

The overall results of the multinomial logistic regres-
sion analysis of the effect of the potential risk factors on 
the development of COVID-19 severity among the 
COVID-positive patients are presented in Table 3. In this 
model, only the variables found to be statistically signifi-
cant (p<0.05) in the bivariate analysis were included. 
Therefore, the multinomial logistic regression analysis 
used 11 risk factors (gender, age, marital status, education, 
ethnicity, occupation, residency, smoking status, years of 
smoking, number of cigarettes smoked in total, and comor-
bidities) and their effects on COVID-positive case types.

Among all the COVID-positive patients, those who 
were ever-smokers at some point in their lives were 1.35 
times (95% CI: 0.74–2.45), 1.30 times (95% CI: 0.58– 
2.87), and 2.45 times (95% CI: 1.07–5.61) more likely to 
be mild, severe, and critical COVID patients, respectively, 
compared to those who were non-smokers, but ever- 
smoker patients were 0.96 times (95% CI: 0.48–1.90) 
less likely to be moderate patients compared to those 
who were non-smokers, after adjusting all other 
covariates.

It was found that females were 1.10 times more 
likely to be mild COVID patients compared to males 
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Table 1 Association of Socio-Demographic Factors with COVID-19 Severity and Their Sample Distribution

Variables Total, n (%) Type of COVID-19 Case p-Value

Asymptomatic,  
n (%)

Mild,  
n (%)

Moderate,  
n (%)

Severe,  
n (%)

Critical,  
n (%)

Overall 2022 (100) 355 (17.56) 669 (33.09) 361 (17.85) 303 (14.99) 334 (16.52) –

Gender

Male 1354 (66.96) 228 (16.84) 425 (31.39) 243 (17.95) 206 (15.21) 252 (18.61) 0.003*

Female 668 (33.04) 127 (19.01) 244 (36.53) 118 (17.66) 97 (14.52) 82 (12.28)

Age (years), mean 
±SD [95% CI]

41.17±15.11 
[17.86–22.80]

36.83±10.68 
[11.33–16.41]

32.01±9.95 
[5.49–9.72]

39.62±13.14 
[16.44–20.93]

50.70±13.52 
[22.97–27.32]

57.16±13.54 
[15.08–20.00]

<0.001*

Age (years)

≤35 869 (42.98) 128 (14.73) 445 (51.21) 103 (11.85) 60 (6.90) 133 (15.30) <0.001*

>35 1153 (57.02) 227 (19.69) 224 (19.43) 258 (22.38) 243 (21.08) 201 (17.43)

Marital status

Ever married 1648 (81.50) 279 (16.93) 455 (27.61) 297 (18.02) 288 (17.48) 329 (19.96) <0.001*

Never married 374 (18.50) 76 (20.32) 214 (57.22) 64 (17.11) 15 (4.01) 5 (1.34)

Educational level

Primary or below 267 (13.20) 48 (17.98) 113 (42.32) 55 (20.60) 26 (9.74) 25 (9.36) <0.001*

Secondary 466 (23.05) 117 (25.11) 141 (30.26) 92 (19.74) 60 (12.88) 56 (12.02)

Higher secondary 679 (33.58) 132 (19.44) 216 (31.81) 134 (19.73) 85 (12.52) 112 (16.49)

Graduate and above 610 (30.17) 58 (9.51) 199 (32.62) 80 (13.11) 132 (21.64) 141 (23.11)

Occupation

Office employee 648 (32.05) 104 (16.05) 113 (32.87) 112 (17.28) 109 (16.82) 110 (16.98) <0.001*

Police officer 63 (3.12) 9 (14.29) 16 (25.40) 20 (31.75) 13 (20.63) 5 (7.94)

Business 560 (27.70) 120 (21.43) 188 (33.57) 102 (18.21) 68 (12.14) 82 (14.64)

Homemaker 302 (14.94) 54 (17.88) 86 (28.48) 53 (17.55) 54 (17.88) 55 (18.21)

Medical professional 49 (2.42) 8 (16.33) 23 (46.94) 8 (16.33) 5 (10.20) 5 (10.20)

Unemployed 283 (14.00) 40 (14.13) 127 (44.88) 44 (15.55) 48 (16.96) 24 (8.48)

Retired 63 (3.12) 3 (4.76) 2 (3.17) 5 (7.94) 6 (9.52) 47 (74.60)

Others 54 (2.67) 17 (31.48) 14 (25.93) 17 (31.48) 0 (0.00) 6 (11.11)

Residence type

Urban–residential 1432 (70.82) 283 (19.76) 413 (28.84) 281 (19.62) 246 (17.18) 209 (14.59) <0.001*

Urbannon-residential 415 (20.52) 47 (11.33) 171 (41.20) 61 (14.70) 36 (8.67) 100 (24.10)

Urban–slum 75 (3.71) 12 (16.00) 52 (69.33) 8 (10.67) 3 (4.00) 0 (0.00)

Rural 100 (4.95) 13 (13.00) 33 (33.00) 11 (11.00) 18 (18.00) 25 (25.00)

Ethnicity

Bengali 1923 (95.10) 349 (18.15) 639 (33.23) 345 (17.94) 284 (14.77) 306 (15.91) 0.001*

Chakma/others 99 (4.90) 6 (6.06) 30 (30.30) 16 (16.16) 19 (19.19) 28 (28.28)

Religion

Muslim 1852 (91.59) 330 (17.82) 613 (33.10) 333 (17.98) 269 (14.52) 307 (16.58) 0.382

Hindu 150 (7.42) 23 (15.33) 49 (32.67) 25 (16.67) 32 (21.33) 21 (14.00)

Buddhist 15 (0.74) 2 (13.33) 6 (40.00) 1 (6.67) 1 (6.67) 5 (33.33)

Christian 5 (0.25) 0 (0.00) 1 (20.00) 2 (40.00) 1 (20.00) 1 (20.00)

Note: *p-Value significant at the <0.05 level.
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(95% CI: 0.83–1.47), but when exploring the effect by 
gender in other subdomains, we did not observe sig-
nificant associations between females and COVID-19 
severity; rather, they were less likely to be moderate 
(AOR: 0.91; 95% CI: 0.66–1.24), severe (AOR: 0.95; 
95% CI: 0.66–1.38), and critical (AOR: 0.68; 95% CI: 
0.46–1.01) patients, respectively. Ever-married patients 
were 1.18 times (95% CI: 0.80–1.75), 2.85 times (95% 
CI: 1.53–5.31), and 9.88 times (95% CI: 3.69–26.42) 
more likely to be moderate, severe, and critical COVID 
patients, respectively, compared to the never-married 
ones. Those who were aged more than 35 years were 
1.53 times (95% CI: 1.08–2.17) and 2.06 times (95% 
CI: 1.37–3.11) more likely to be moderate and severe 
patients, respectively, compared to those who were not.

Regarding the educational background of the patients, 
graduates and above were 1.81 times (95% CI: 1.07–3.08), 

2.61 times (95% CI: 1.33–5.12), and 2.39 times (95% CI: 
1.19–4.78) more likely to be mild, severe, and critical 
cases compared to those who had studied to primary 
level or below, respectively. Also, patients with higher 
secondary level education were 1.24 times (95% CI: 
0.64–2.40) more likely to be critical patients. Both signifi-
cant effects and associations were found between ethnicity 
and severe or critical positive COVID cases (severe, AOR: 
3.48; 95% CI: 1.26–9.58; critical, AOR: 3.23; 95% CI: 
1.17–8.94) for Chakma and other ethnic groups, compared 
to the Bengali COVID cases.

When observing the effects of occupation on COVID- 
19 severity, it was reported that police officers were 2.09 
times (95% CI: 0.58–7.55) and retired people were 1.67 
times (95% CI: 0.28–9.90) more likely to be moderate 
COVID patients compared to medical professionals. For 
the severe group of patients, office employees were 1.56 

Table 2 Association of Behavioral Factors and Other Illnesses with COVID-19 Severity and Their Sample Distribution

Variables Total, n (%) Type of COVID-19 Case p-Value

Asymptomatic,  
n (%)

Mild,  
n (%)

Moderate,  
n (%)

Severe,  
n (%)

Critical,  
n (%)

Overall 2022 (100) 355 (17.56) 669 (33.09) 361 (17.85) 303 (14.99) 334 (16.52) –

Smoking status

Ever-smoker 594 (29.38) 72 (12.12) 203 (34.18) 86 (14.48) 121 (20.37) 112 (18.86) <0.001*
Non-smoker 1428 (70.62) 283 (19.82) 466 (32.63) 275 (19.26) 182 (12.75) 222 (15.55)

Smoking (years) mean 
±SD [95% CI]

5.25±10.20 

[1.03–10.01]

2.25±5.52 [6.30– 

10.38]

2.52±5.20 

[6.26–9.88]

4.12±8.45 

[4.43–8.50]

10.59±13.55 

[4.43–8.50]

10.27±14.96 

[4.16–8.13]

<0.001*

Smoking duration (years)

1–5 139 (6.87) 32 (23.02) 76 (54.68) 26 (18.71) 5 (3.60) 0 (0.00) <0.001*
6–10 127 (6.28) 24 (18.90) 81 (63.78) 12 (9.45) 8 (6.30) 2 (1.57)

11–15 81 (4.01) 14 (17.28) 24 (29.63) 18 (22.22) 18 (22.22) 7 (8.64)
16–20 88 (4.35) 7 (7.95) 7 (7.95) 19 (21.59) 35 (39.77) 20 (22.73)

21–25 59 (2.92) 2 (3.39) 7 (11.86) 8 (13.56) 25 (42.37) 17 (28.81)

>25 140 (6.92) 3 (2.14) 4 (2.86) 16 (11.43) 46 (32.86) 71 (50.71)
None 1388 (68.64) 273 (19.67) 470 (33.86) 262 (18.88) 166 (11.96) 217 (15.63)

Cigarette smoking

≥100 cigarettes 580 (28.68) 66 (11.38) 187 (32.24) 96 (16.55) 124 (21.38) 107 (18.45) <0.001*
<100 cigarettes 64 (3.17) 2 (3.13) 27 (42.19) 13 (20.31) 13 (20.31) 9 (14.06)

No 1378 (68.15) 287 (20.83) 455 (33.02) 252 (18.29) 166 (12.05) 218 (15.82)

Comorbidities

Yes 935 (46.24) 113 (12.09) 163 (17.43) 146 (15.61) 227 (24.28) 286 (30.59) <0.001*
No 1087 (53.76) 242 (22.26) 506 (46.55) 215 (19.78) 76 (6.99) 48 (4.42)

Note: *p-Value is significant at the <0.05 level.
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times (95% CI: 0.44–5.49), police officers were 2.22 times 
(95% CI: 0.49–10.10), and unemployed patients were 2.02 
times (95% CI: 0.54–7.53) more likely to be severe cases. 
Among the critical cases, office employees were 1.90 
(95% CI: 0.53–6.81) times, homemakers were 2.05 times 
(95% CI: 0.55–7.63), and retired people were 13.73 times 
(95% CI: 2.29–82.17) more likely to be critical COVID 
patients.

Residents of non-residential urban localities were 1.81 
times (95% CI: 1.23–2.66), urban slums were 2.45 times 
(95% CI: 1.16–5.19), and rural areas were 1.86 times 
(95% CI: 0.91–3.82) more likely to be mild COVID 
patients compared to residents of residential urban local-
ities. Likewise, patients living in non-residential urban 
areas were 1.38 times (95% CI: 0.89–2.16) more likely 
to be moderate COVID patients and they were also 1.06 
times (95% CI: 0.63–1.78) and rural residents were 1.57 
times (95% CI: 0.68–3.62) more likely to be severe 
patients compared to the residents of urban localities. Non- 
residential urban residents were 2.91 times (95% CI: 1.82– 

4.67) and rural residents were 2.19 times (95% CI: 0.96– 
4.97) more likely to be critical COVID patients.

When observing the effect of smoking duration and 
development of COVID-19 severity, significant effects of 
more than 25 years of smoking on becoming moderate 
COVID patients (AOR: 4.45; 95% CI: 1.17–16.99), severe 
COVID patients (AOR: 8.85; 95% CI: 2.36–33.25), and 
critical COVID patients (AOR: 6.52; 95% CI: 1.71–24.90) 
were found, for the development of disease severity, and 
all the estimates were significantly associated. Patients 
who had smoked at least 100 cigarettes in their lives 
were 1.63 times (95% CI: 1.14–2.34), 1.58 times (95% 
CI: 1.06–2.36), 2.15 times (95% CI: 1.39–3.33), and 1.80 
times (95% CI: 1.16–2.82) more likely to be mild, mod-
erate, severe, and critical COVID patients, respectively, 
compared to those who had never smoked.

When exploring the effect estimate between comorbid-
ities and all the subdomains of COVID-19 severity, no 
significant effect of comorbidities was found for mild 
cases (AOR: 0.66; 95% CI: 0.48–0.90), but the effect 

Figure 1 Disparities n COVID-19 severity between the smoker types.
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estimate was 1.19 times for moderate (AOR: 1.19; 95% 
CI: 0.86–1.65), 3.88 times for severe (AOR: 3.88; 95% CI: 
2.67–5.66), and 7.61 times for critical (AOR: 7.61, 95% 
CI: 5.01–11.58) COVID patients, respectively, which is 
why the effect of the main exposure, smoking status of 
the patients, was observed after adjusting this potential 
confounder.

Discussion
This study provides evidence that smoking fuels the pro-
gression of COVID-19 severity. Analysis shows that ever- 
smokers are at 2.45 times higher risk of having critical 
condition than never-smokers, which complies with the 
previous research conducted by the CDC COVID-19 
Response Team in the USA in 2020,5 and many other 
studies conducted in China.10,16–18 The study results also 
show that smokers with a longer active smoking history 
are more prone to developing the severe and critical 
stages of COVID-19, which is a new finding compared 
to other COVID-19 and smoking-related studies.

In the demographic factor analysis, age, gender, educa-
tional status, ethnicity, marital status, residential type, and 
occupation were significantly associated with COVID-19 
severity. Here, it was found that cases aged more than 35 
years suffered from a more severe state than people below 
this age. Although the CDC marked elderly people (>60 
years) as the vulnerable group,5 studies have also found 
that younger and older adults are the groups with most 
exposure and increased numbers of cases.19–21 According 
to these studies, adults are exposed at their workplace, 
during transportation, or at other gatherings, as they are 
the main earners in their families. Also, above 35 years of 
age is considered to be a potential stage for developing 
non-communicable diseases,22 which may increase the 
severity of a COVID patient, as the presence of any 
other diseases has also been found to be positively asso-
ciated with COVID-19 severity.23

This study found that females are less likely than males 
to be in critical and severe COVID statess. This finding 
complies with a study conducted in China in 2020, where 
Cai showed that males are more vulnerable than females to 
critical COVID-19 states owing to their predisposition to 
smoking.24 Males are more likely than females to be ever- 
smokers, which increases their odds of having more smok-
ing-related diseases, contributing to the severe and critical 
levels of the patients. Higher educational status is signifi-
cantly related to COVID-19 severity. This finding does not 
comply with the findings from other studies conducted in 

Sweden, Germany, and New York City, USA. Studies 
conducted in western countries have found that education 
is a protective factor against COVID-19, as the lower the 
educational level, the greater the exposure to 
gatherings and personal contacts, along with lower main-
tenance of hand hygiene.21,25,26 The authors of 
those studies also linked socio-economic status with edu-
cational level, which was followed by healthcare inequal-
ities for people of low income categories with lower 
educational level. However, in Bangladesh, more severe 
cases are found among highly educated people than among 
people with lower levels of education. This is probably 
due to lifestyle and occupation, which are correlated with 
education in Bangladesh. The higher the education, the 
more sedentary a lifestyle is adopted. People with higher 
education are mostly involved in occupations that require 
more brain work than muscle work, which also provide 
them with better socio-economic security and thus encou-
rage them to have sedentary lifestyles.23 An inactive life-
style is a risk factor for all sorts of non-communicable 
diseases, which increase the case severity by acting as 
comorbid diseases.27 Another probable reason could be 
the ignorance of people with lower educational level in 
reporting cases or letting cases go unnoticed. However, as 
this finding doesn't comply with previous findings, further 
investigations are needed. , .

Although medical professionals are the frontline work-
ers during the COVID situation and at the highest level of 
risk risk because of direct contact, unemployed patients 
were found to be at two times higher risk of developing 
a severe condition. This may seem surprising, but, in line 
with previous research, this finding provides a good 
insight into the reasons. A study conducted in Germany 
provided the same result and, based on a previously con-
structed framework, they provided three reasons for this: 
inequalities in exposure, inequalities in vulnerability, and 
inequalities in care.28 According to that study, these three 
inequalities are linked to the socio-economic position. 
People with lower socio-economic position do not have 
access to proper healthcare, and because they do not 
receive timely healthcare, the COVID situation 
worsens among unemployed people.2 Retired people are 
also found to be at almost 14 times higher risk than 
medical professionals. Given that the retirement age in 
Bangladesh is 61 years, this finding is valid, as elderly 
age has already been proven to be a risk factor for the 
severity of COVID-19.
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In the non-residential urban localities and rural areas, 
the severity of COVID-19 was found to be almost three 
times and two times higher, respectively, than in the urban 
residential areas. As the urban residential areas are 
planned areas with proper healthcare facilities and lower 
population density, the spread of the virus is limited there 
and instant healthcare facilities are available to prevent the 
development of severe disease. In contrast, in urban non- 
residential areas and rural areas, these facilities are out of 
the reach of most people. In addition, the maintenance of 
hygiene required to prevent COVID-19 is often not possi-
ble owing to the population density.

In this study, ever-married people were found to have 
a higher risk than never-married people of having severe 
and critical stages of COVID-19. This may be because 
ever-married people are in contact with their partners and 
other family members at home, which increases the expo-
sure of ever-married people in comparison to the never- 
married group. However, previous studies have shown that 
smoking, which has a positive association with COVID-19 
severity, has an increased rate among never-married peo-
ple, probably as a result of several stress issues.29,30 This 
may indicate the opposite direction from the finding, and 
requires further investigation.

Adjusting for other factors, ethnicity was found to be 
significantly associated with COVID-19 severity. Chakma 
people and other indigenous ethnic groups were found to 
be at 3.43 times higher risk of having the critical stage of 
COVID-19. This could be due to the inaccessible food and 
healthcare facilities in the remote area where the indigen-
ous people reside. Along with that, their weak strategy to 
prevent COVID-19 due to a lack of mass announcements 
and awareness in the remote areas may also be a reason. 
However, this finding complies with previous studies con-
ducted on different ethnic groups in different countries and 
states. Studies conducted among different minority ethnic 
groups suggest that ethnicity and COVID-19 should be 
a focus for public health research area in the future.31–33

The main strength of this study is its sample size. This 
study was conducted by telephone, using a city corporation 
case-confirmed list. The study sample comprised 2022 cases 
covering all five stages of COVID-19. This resulted in 
a larger sample size than in any other study conducted on 
this issue. It also resulted in a good, representative data set, 
properly blending some of the districts of Dhaka.

A limitation of this study is that there were few repre-
sentative data for different ethnic groups. In addition, in 
the smoker category, former smokers were included. This 

may have caused misclassification bias in a few cases. 
Also, e-cigarette use was not included in the survey, 
which may have led to a few more cases being missed.

Conclusion
Smoking is strongly associated with the severity of 
COVID-19 disease progression. This finding calls for 
mass awareness and cessation campaigns by 
governments and other organizations to maintain alertness 
regarding contamination by similar types of virus-borne 
diseases. However, many other factors have also been 
found to play associated roles in accelerating the severity 
of the disease. These factors also need immediate attention 
from public health professionals so that they can be inves-
tigated further and proper measures can be introduced.
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