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Background: Socio-demographics and comorbidities are involved in determining the severity and fatality
in patients with COVID-19 suggested by studies in various countries, but study in Bangladesh is
insufficient.
Aims: We designed the study to evaluate the association of sociodemographic and comorbidities with
the prognosis of adverse health outcomes in patients with COVID-19 in Bangladesh.
Methods: A multivariate retrospective cohort study was conducted on data from 966 RT-PCR positive
patients from eight divisions during December 13, 2020, to February 13, 2021. Variables included soci-
odemographic, comorbidities, symptoms, Charlson comorbidity index (CCI) and access to health facil-
ities. Major outcome was fatality. Secondary outcomes included hospitalization, duration of hospital stay,
requirement of mechanical ventilation and severity.
Results: Male (65.8%, 636 of 966) was predominant and mean age was 39.8 ± 12.6 years. Fever (79%), dry
cough (55%), and loss of test/smell (51%) were frequent and 74% patients had >3 symptoms. Fatality was
recorded in 10.5% patients. Comorbidities were found in 44% patients. Hypertension (21.5%) diabetes
(14.6%), and cardiovascular diseases (11.3%) were most prevalent. Age >60 years (OR: 4.83, 95% CI: 2.45
e6.49), and CCI >3 (OR: 5.48, 95% CI: 3.95e7.24) were predictors of hospitalizations. CCI >4 (aOR: 3.41,
95% CI: 2.57e6.09) was predictor of severity. Age >60 years (aOR: 3.77, 95% CI: 1.07e6.34), >3 symptoms
(aOR: 2.14, 95% CI: 0.97e4.91) and CCI >3 vs. CCI <3 (aOR: 5.23, 95% CI: 3.77e8.09) were independently
associated with fatality.
Conclusions: Increased age, >3 symptoms, increasing comorbidities, higher CCI were associated with
increased hospitalization, severity and fatality in patients with COVID-19.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

A global public health emergency situation has been occurred by
the pandemic called coronavirus disease-2019 (COVID-19) from the
first quarter of 2020 [1]. The COVID-19 pandemic was triggered by
the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
ier Ltd. All rights reserved.
(family-Coronaviridae) from Wuhan, China during December 2020
[1e4]. As of March 05, 2021, about 116 million cases and 2.5 million
fatalities associated with COVID-19 have been documented world-
wide [5,6]. Bangladesh, a densely populated least developed country,
was first hit by the COVID-19 cases during the first week of March
2020. By March 05, 2021, the number of laboratory-confirmed case
number has increased to 548549 and the causality to 8435 [4e6].

Individuals with COVID-19 infection develop various complica-
tions of the respiratory system [7e11]. About 80e85% patients are
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diagnosed with mild symptoms including fever, cough, sore throat,
chill, feelings of shaking, loss of taste or smell, headache, rash and
muscle pain. In severe cases, symptoms like acute pneumonia,
acute respiratory syndrome, kidney failure, difficulty in breathing
and failure of multiple organs are commonly reported [7e10,11-16].
Patients developing severe health conditions require hospitaliza-
tion, intensive care unit (ICU) admissions and ventilation support to
survive [7e10,11-16].

Host demographic factors and preexisting health conditions are
involved in determining the outcome of COVID-19 [10]. Presence of
comorbid diseases in COVID-19 patients have been involved in
increased hospitalizations, prolonged hospitalization and fatality in
China, USA, Canada, UK, Spain, Portugal and Hong Kong [10,17e22].
Numerous comorbid diseases have increased the mortality in pa-
tients with COVID-19. The most frequent comorbidities associated
with hospitalization and fatality of COVID-19 patients are hyper-
tension, cardiovascular diseases (CVD), diabetes mellitus, chronic
obstructive pulmonary disease (COPD), kidney diseases, liver dis-
eases, cancer, gastrointestinal diseases, tuberculosis and HIV
infection [10,17-22,23-27,28-32]. A research gap is prominent on
the impact of demographic factors and comorbidities in Bangladesh
involving larger cohort. Therefore, we conducted a nationwide
analysis to investigate the impact of sociodemographic factors and
comorbidities in determining the health outcome of COVID-19
patients in Bangladesh. The main objective of this study is to
determine the impact of socio-demographic factors and comor-
bidities on hospitalization and severe outcome of patients with
COVID-19 stratified in different age groups in Bangladesh. Other
objectives of the study are to investigate the prevalence of various
clinical manifestations, age and sex distributions, and nationwide
case fatality rate of the study cohort.

2. Materials and methods

2.1. Study data, population and regions

A retrospective cohort study was conducted on the study pop-
ulation. Data were collected from patients admitted on different
hospitals and clinics from eight divisions including 95% districts (61
of 64) in Bangladesh. Data were collected from patients by using
random sampling. The study was conducted from December 13,
2020, to February 13, 2021, and involved 966 patients with COVID-
19 infection who participated willingly. Structured questionnaire
and electronic data repositories of hospitals and clinics were used
as data collection sources. A total of 889 patients were hospitalized.
The presence of comorbidity was confirmed by patient report and
evaluated following previously published studies [10,11]. Partici-
pants with a COVID-19 positive RT-PCR test on nasopharyngeal
swab specimens according to the World Health Organization
(WHO) interim guidance were included in this study [10]. Defini-
tion of cases, symptoms and comorbidities were determined
following WHO guidance and previously published works [1,10,11].
Collected data were sorted, evaluated and stratified according to
the quality of the data and responses. Informed consents were
taken from the participants before collecting data in this study.
Appropriate ethical clearance was taken from the Bio-safety, Bio-
security and Ethical Committee at Jahangirnagar University and the
reference number is BBEC, JU/M 2021/COVID-19/(1)3.

2.2. Variables and outcomes of the study

The variables included demographics, clinical symptoms and
comorbidities. Further, socio-demographic variables included age,
sex (male vs. female), occupation (student, housewife, employed,
businessman, and unemployed, etc.), monthly family income, and
2

current place of residence (village, district town, and divisional
town) and access to health care facilities. The COVID-19 associated
variables included duration of symptoms, single symptoms, mul-
tiple symptoms, and end point result (hospitalization, death or
recovery). The comorbidities were included as categorical variables
and classified as patients with single, double, triple or more than
three comorbidities. Comorbidities were stratified by the systems
of organ namely, respiratory, gastrointestinal, heart disease etc. For
evaluating the relation of the comorbidities with the ultimate
outcome of COVID-19, Charlson Comorbidity Index (CCI) were
computed.

The ultimate outcome found in this study was fatality. Other
outcomes included hospitalizations, duration of hospitalization,
intensive care unit (ICU) requirement and stay period, ventilation
requirement and duration.

2.3. Statistical analysis

The sample size used in this study was sufficient to conduct the
statistical analysis. Logistic regression analysis was conducted to
determine the association of univariate variables with the outcome
of COVID-19. Age adjusted odds ratio were applied in the multi-
variate analysis. Further, inferential statistics (p-value and 95%
confidence interval) were applied for both the univariate and
multivariate models. Statistical analysis was performed by using
International Business Machines (IBM) Statistical Package for the
Social Sciences (SPSS) version 26.0 (Chicago, IL, USA) and Microsoft
Excel 2019 [19,20].

3. Results

3.1. Socio-demographics and nationwide distribution of the cohort

Socio-demographic characteristics of the COVID-19 positive
cohort consisting of 966 individuals were analyzed. Male (65.8%,
636 of 966) was predominant sex group followed by female (34.2%,
330 of 966) in the cohort. The study population was distributed in
eight age groups including 0e9 years, 10e19 years, 20e29 years,
30e39 years, 40e49 years, 50e59 years, 60e69 years and above 70
years. Most of the patients were confined in age group 20e29 years
(33%, mean ± SD: 27.7 ± 11.9 years). The mean ± SD age of the total
cohort was 39.8 ± 12.6 years. Most of the cases (84.8%) were
detected in urban areas. About 4.6% of the study population was
doctors and health workers (Supplementary Table 1). The highest
frequency of cases was detected from Sylhet division (40%) fol-
lowed by Dhaka (37%) and Chittagong (7%) (Fig. 1). Case fatality rate
was the highest in Dhaka (11 persons per hundred cases) followed
by Sylhet (10.6), Chittagong (10.6) and Rangpur (9.8), respectively
(Fig. 1).

3.2. Clinical manifestations and comorbidities analysis

About 100% of the patients developed one or multiple symp-
toms of COVID-19. Among symptoms of COVID-19, fever (79%) was
the most predominant followed by dry cough (55%), loss of test or
smell (51%), fatigue (47%), and body aches (43%), respectively
(Table 1). In cross symptoms analysis, feverþ dry cough (479 cases)
was the most frequent followed by fever þ loss of smell/test (445
cases), fever þ fatigue (414 cases), fever þ body aches (386 cases)
and fever þ sore throat (361 cases), respectively. Rare symptoms
included pain in ear in 1 case, excessive sweating in 1 case and
constipation in 1 case. About 17% of the patients had 3 symptoms,
followed by 4 symptoms (16%), 5 symptoms (13%), 6 symptoms
(12%), 7 symptoms (6%), 8 symptoms (5%) and more than 8
symptoms (5%) related to COVID-19, respectively.



Fig. 1. Nationwide distribution of COVID-19 cases and case fatality rates in Bangladesh.
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In the cohort, 44% (425 of 966) had one or multiple comorbid-
ities. Among the comorbidities, hypertension (208 cases) was the
most prevalent followed diabetes (141 cases), cardiovascular dis-
eases (CVDs) (109 cases), gastrointestinal diseases (49 cases), kid-
ney diseases (40 cases), liver diseases (39 cases), asthma (21 cases)
and cancer (11 cases), respectively (Table 2). About 22% of the
COVID-19 patients had more than one comorbidities. In multiple
comorbidity analysis, hypertension þ diabetes (76 cases),
hypertension þ CVDs (76 cases) were predominant, followed by
diabetes þ CVDs (57 cases), hypertension þ kidney diseases (27
cases) and CVDs þ kidney diseases (20 cases), respectively.
3.3. Distribution of symptoms and comorbidities

The frequency of fever was highest in age group above 70 years
(91%), dry cough in 0e9 years (80%), loss of smell or taste in 10e19
3

years (55%) fatigue in 60e69 years (51%), shortness of breath, chest
pain and loss of movement in above 70 years (70%, 39% and 26%)
were highest in patients (Table 1). Fever was the most predominant
symptoms in female patients (79.4%) followed by loss of taste/smell
(57%) (Fig. 2). However, in male group, fever (79%) was followed by
dry cough (57%) (Fig. 2). The frequency of comorbidities was
highest in male (58%) followed by female (42%). Patients aged
above 70 years had the highest frequency of comorbidities (96%),
followed by age group 60e69 years (94%), 50e59 years (72%) and
40e49 years (60%), respectively (Table 2). Hypertension (55%, 47 of
86), diabetes (52%, 45 of 86) and heart diseases (39%, 34 of 86) were
most prevalent in COVID-19 patients aged above 60 years, while
gastrointestinal diseases was most frequent in patients aged 20e29
years. The frequency of gastrointestinal diseases (5.5%), liver dis-
eases (4.2%), kidney diseases (5.8%) and asthma (2.4%) were higher
in female than male (Fig. 2).



Table 1
Age stratified clinical manifestations of patients with COVID-19 in Bangladesh.

Variables Age group in years (%) P value

0e9 10e19 20e29 30e39 40e49 50e59 60e69 >70

Total number, N 5 51 319 205 161 139 63 23 .027
Symptoms 4 (80%) 39 (76.5%) 239 (74.9%) 164 (80%) 127 (78.9%) 119 (85.6%) 52 (82.5%) 21 (91.3%) .014
Fever
Dry Cough 4 (80%) 23 (45.1%) 153 (48%) 126 (61.5%) 89 (55.3%) 88 (63.3%) 39 (61.9%) 12 (52.2%) .043
Loss of taste or smell 1 (20%) 28 (54.9%) 162 (50.8%) 106 (51.7%) 85 (52.8%) 72 (51.8%) 26 (41.3%) 9 (39.1%) .541
Fatigue 2 (40%) 24 (47.1%) 155 (48.6%) 99 (48.3%) 69 (42.9%) 68 (48.9%) 32 (50.8%) 10 (43.5%) .674
Body aches 0 (0%) 26 (51%) 133 (41.7%) 80 (39%) 73 (45.3%) 64 (46%) 27 (42.9%) 14 (60.9%) .034
Sore throat 1 (20%) 20 (39.2%) 116 (36.4%) 83 (40.5%) 65 (40.4%) 68 (48.9%) 25 (39.7%) 6 (26.1%) .061
Shortness of breath 0 (0%) 14 (27.5%) 85 (26.6%) 58 (28.3%) 55 (34.2%) 59 (42.4%) 37 (58.7%) 16 (69.6%) .011
Chest pain or pressure 0 (0%) 10 (19.6%) 43 (13.5%) 29 (14.1%) 27 (16.8%) 36 (25.9%) 16 (25.4%) 9 (39.1%) .042
Diarrhea 0 (0%) 6 (11.8%) 52 (16.3%) 34 (16.6%) 31 (19.3%) 25 (18%) 12 (19%) 6 (26.1%) .013
Loss of speech or movement 1 (20%) 5 (9.8%) 31 (9.7%) 12 (5.9%) 13 (8.1%) 18 (12.9%) 11 (17.5%) 6 (26.1%) .027
Inflammation of the eye 0 (0%) 4 (7.8%) 16 (5%) 5 (2.4%) 3 (1.9%) 6 (4.3%) 5 (7.9%) 2 (8.7%) .062
Rash 0 (0%) 5 (9.8%) 8 (2.5%) 6 (2.9%) 5 (3.1%) 7 (5%) 3 (4.8%) 6 (26.1%) .041
Runny nose/Fluxes 0 (0%) 1 (2%) 1 (0.3%) 2 (1%) 0 (0%) 1 (0.7%) 0 (0%) 1 (4.3%) .083
Vomiting 0 (0%) 0 (0%) 1 (0.3%) 3 (1.5%) 0 (0%) 1 (0.7%) 0 (0%) 0 (0%) .493
Others 0 (0%) 1 (2%) 2 (0.6%) 2 (1%) 3 (1.9%) 1 (0.7%) 2 (3.2%) 0 (0%) .792
No Symptoms 0 (0%) 1 (2%) 4 (1.3%) 3 (1.5%) 0 (0%) 6 (4.3%) 1 (1.6%) 0 (0%) .137

Table 2
Distribution of comorbidities in various age group of patients with COVID-19 positive.

Variables Age group in years (%) P value

0e9 10e19 20e29 30e39 40e49 50e59 60e69 Above 70

Total, N 5 51 319 205 161 139 63 23 .011
Comorbidities 0 (0%) 3 (5.9%) 21 (6.6%) 29 (14.1%) 50 (31.1%) 58 (41.7%) 36 (57.1%) 11 (47.8%) .05
Hypertension
Diabetes 0 (0%) 0 (0%) 4 (1.3%) 10 (4.9%) 34 (21.1%) 48 (34.5%) 32 (50.8%) 13 (56.5%) .001
Heart diseases 0 (0%) 0 (0%) 7 (2.2%) 6 (2.9%) 25 (15.5%) 37 (26.6%) 23 (36.5%) 11 (47.8%) .024
Gastrointestinal diseases 0 (0%) 3 (5.9%) 17 (5.3%) 5 (2.4%) 8 (5%) 9 (6.5%) 4 (6.3%) 3 (13%) .041
Kidney diseases 0 (0%) 2 (3.9%) 2 (0.6%) 4 (2%) 6 (3.7%) 8 (5.8%) 10 (15.9%) 8 (34.8%) .033
Liver diseases 0 (0%) 0 (0%) 6 (1.9%) 6 (2.9%) 13 (8.1%) 6 (4.3%) 5 (7.9%) 3 (13%) .001
Asthma 0 (0%) 1 (2%) 6 (1.9%) 8 (3.9%) 3 (1.9%) 2 (1.4%) 1 (1.6%) 0 (0%) .496
Cancer 0 (0%) 0 (0%) 2 (0.6%) 0 (0%) 1 (0.6%) 1 (0.7%) 3 (4.8%) 4 (17.4%) .731
Tuberculosis 0 (0%) 2 (3.9%) 7 (2.2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) .435
Others 0 (0%) 2 (3.9%) 14 (4.4%) 6 (2.9%) 7 (4.3%) 6 (4.3%) 3 (4.8%) 5 (21.7%) .142
No comorbidity 5 (100%) 40 (78.4%) 252 (79%) 135 (65.9%) 65 (40.4%) 39 (28.1%) 4 (6.3%) 1 (4.3%) .019
*With Comorbidity 0 (0%) 11 (21.6%) 67 (21%) 70 (34.1%) 96 (59.6%) 100 (71.9%) 59 (93.7%) 22 (95.7%) .004
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3.4. Outcomes of patients with COVID-19

Overall case fatality rate was 10.5 in the study cohort. The fre-
quency of mortality was highest in patients aged above 70 years
(mean ± SD: 78.4 ± 4.3 years) (61%, 14 of 23), followed by 60e69
years (66.1 ± 5.9) (36.5%, 23 of 63) and 50e59 years (58.4 ± 8.9)
(18%, 25 of 139), respectively (Table 3). Fatality was most frequent
in patients with symptoms prevailing for mean ± SD of 11.6 ± 2.3
days. Hospitalization required for about 92% (889 of 966) patients.
The mean length of hospitalizationwas 8.9 ± 2.7 days. Admission to
intensive care unit was required in 284 (29.4%) patients. Supple-
mental oxygen was provided to 496 (51%) patients, and 109 (11.3%)
patients was given mechanical ventilation support for a mean of
6 ± 2.4 days. About 193 (20%) of the patients faced problems to
receive treatment for preexisting comorbidities during the
pandemic (Table 3).

In hospitalization tendency, higher odds were detected in pa-
tients aged >60 years (OR: 4.83, 95% CI: 2.45e6.49), symptoms
prevailing >14 days (OR: 4.12, 95% CI: 2.16e6.34), with higher in-
come (OR: 1.45, 95% CI: 0.81e2.44) and residing in urban areas (OR:
1.78, 95% CI: 0.85e3.15) with better medical facilities (OR: 1.92, 95%
CI: 0.48e1.93) (Table 4a). Patients with comorbidities had greater
odds (OR: 5.86, 95% CI: 3.47e7.93) for hospitalization. Higher odds
of hospitalization were present in patients with higher Charlson
4

Comorbidity Index (CCI), CCI >3 (OR: 5.48, 95% CI: 3.95e7.24) with
diabetes (OR: 2.83, 95% CI: 1.54e3.96), heart disease (OR: 2.44, 95%
CI: 1.82e3.13) and hypertension (OR: 2.16, 95% CI: 1.41e3.53)
(Table 4a).

Both multivariate and univariate analysis were conducted to
determine the roles of variables on mortality. Greater odds of as-
sociation of mortality were present in patients aged >60 years (OR:
5.43, 95% CI: 2.85e7.68) with symptoms prevailing >14 days (OR:
2.92, 95% CI: 1.43e4.19), comorbidities (OR: 4.62, 95% CI:
3.09e6.33) and CCI >3 vs. CCI <3 (OR: 5.98, 95% CI: 3.65e7.63)
(Table 4b). In multivariate analysis CCI was used to replace
comorbidities. Independent predictors of mortality were patients
aged >60 years (aOR: 3.77, 95% CI: 1.07e6.34), >3 symptoms of
COVID-19 (aOR: 2.14, 95% CI: 0.97e4.91), symptoms persisting >14
days (aOR: 2.34, 95% CI: 0.81e4.63), and CCI >3 vs. CCI <3 (aOR:
5.23, 95% CI: 3.77e8.09) (Table 4b). However, better access to
health facilities (aOR: 0.73, 95% CI: 0.22e1.96) had lower odds of
association with mortality.

3.5. Prognostic analysis by age, sex and Charlson comorbidity index

Four groups of CCI including CCI 0, CCI 1e2, 3e4, and >4 were
evaluated for the association with severe outcome and mortality in
COVID-19 patients. About 41 (4%) patients developed severe



Fig. 2. Sex-wise prevalence distribution of A. Clinical manifestations and BeC. Comorbidities in COVID-19 positive cohort.
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outcome and 12 (12%) died in CCI 0 group, 72 (7%), 91 (9%), and 64
(6%) patients had severe outcome in the CCI 1e2, 3e4, and >4
groups, respectively. About 39 (38%), 36 (36%), and 14 (14%) pa-
tients died in CCI 1e2, 3e4, and >4 groups, respectively. The
highest odds of severe COVID-19 outcome were present in CCI >4
(aOR: 3.41, 95% CI: 2.57e6.09), followed by CCI 3e4 (aOR: 2.96, 95%
CI: 2.01e5.39), CCI 1e2 (aOR: 2.39, 95% CI: 2.11e5.59) and CCI
0 (aOR: 1.35, 95% CI: 0.83e2.28), respectively (Fig. 3). The odds of
fatality were most significant in group CCI >4 (aOR: 4.22, 95% CI:
2.92e6.89), followed by CCI 3e4 (aOR: 3.67, 95% CI: 2.98e5.78), CCI
1e2 (aOR: 2.89, 95% CI: 2.11e5.59) and CCI 0 (aOR: 1.93, 95% CI:
0.98e2.76), respectively. The absolute risks of severity associated
with COVID-19 and fatality exacerbated gradually from CCI 0 to CCI
1e2, 3e4, and >4 in both sex with increased age (Fig. 3).

4. Discussions

The health burden of COVID-19 is still on the rise globally. The
preexisting health conditions of the patients infected with COVID-
19 are involved in determining the clinical manifestations and
outcome of the infection [10,11,19,20]. This is the first nationwide
study that comprehensively investigates the association and
impact of comorbid diseases and health conditions on the severity,
hospitalization and prognosis in patients with COVID-19 in
Bangladesh. Hypertension (21.5%), diabetes (14.6%) and cardiovas-
cular diseases (CVDs) (11.3%) were themost common comorbidities
among patients infected with COVID-19. The severity of the clinical
outcomes in patients exacerbated with the increasing number of
5

comorbidities. Findings in this study including a large sample size
from every regions in Bangladesh have rendered equitable proof for
considering common comorbidities in the comprehensive risk
assessment of patients with COVID-19. The prevalence and impact
of comorbidities on the outcome among patients with COVID-19
published in recent studies were reflected by the findings of our
study [10,11,19,20,22-30,32-38,39-44].

In this cohort of COVID-19 patients 65.8% were male and the
mean ± SD age of patients was 39.8 ± 12.6 years. Lower mean ± SD
age than previously published studies reflected that the frequency
of young patients is higher in Bangladesh [10,11,19,20]. About 84.8%
cases were reported from urban areas and the highest case-fatality
rate was detected in Dhaka with high population density. The
tendency of hospitalization increased with the increased avail-
ability of health facilities and monthly family income of the cohort.
Overall, male aged above 50 years with >3 symptoms, at least one
ormore comorbidities, with difficulties in getting regular treatment
of comorbid diseases during the pandemic were reported with
increased hospitalization and severe outcome of COVID-19. These
findings are in good agreement with the previous studies con-
ducted in USA, China, UK and Spain [10,11,19-25,26-35,36-40,41-
44]. More than twenty clinical manifestations associated with
COVID-19 were evaluated in this study. Fever (79%) was the most
prevalent followed by dry cough (55%) and loss of test or smell
(51%) among the patients in the cohort and 74% patients had >3
symptoms. Regardless to the size of the cohort and duration of the
study, the findings on symptoms echoed the previously conducted
studies [1,4,10,11,19,20].



Table 3
Age stratified analysis on gender distribution, symptoms and fatalities of nationwide patients with COVID-19 in Bangladesh.

Variables Age groups in years (%) P
value

0e9 10e19 20e29 30e39 40e49 50e59 60e69 >70

Total number 5 51 319 205 161 139 63 23 .041

Sex Male 2 (40%) 24
(47.1%)

214
(67.1%)

143
(69.8%)

99 (61.5%) 89 (64%) 47
(74.6%)

18
(78.3%)

.003

Female 3 (60%) 27
(52.9%)

105
(32.9%)

62 (30.2%) 62 (38.5%) 50 (36%) 16
(25.4%)

5 (21.7%) .014

Duration of symptoms 7e14 days 5
(100%)

36
(70.6%)

219
(68.7%)

98 (47.8%) 82 (50.9%) 68 (48.9%) 30
(47.6%)

10
(43.5%)

.001

15e28 days 0 (0%) 10
(19.6%)

92 (28.8%) 96 (46.8%) 69 (42.9%) 55 (39.6%) 25
(39.7%)

10
(43.5%)

.005

1e2
months

0 (0%) 4 (7.8%) 8 (2.5%) 8 (3.9%) 10 (6.2%) 14 (10.1%) 8 (12.7%) 3 (13%) .012

> 2months 0 (0%) 1 (2%) 0 (0%) 3 (1.5%) 0 (0%) 2 (1.4%) 0 (0%) 0 (0%) .034
Comorbidities (before COVID-19) Yes 0 (0%) 11

(21.6%)
50 (15.7%) 31 (15.1%) 65 (40.4%) 61 (43.9%) 37

(58.7%)
16
(69.6%)

.001

No 5
(100%)

40
(78.4%)

269
(84.3%)

174
(84.9%)

96 (59.6%) 78 (56.1%) 26
(41.3%)

7 (30.4%) .017

Comorbidities (after COVID-19) Yes 0 (0%) 6 (11.8%) 41 (12.9%) 20 (9.8%) 23 (14.3%) 33 (23.7%) 16
(25.4%)

7 (30.4%) .043

No 5
(100%)

45
(88.2%)

278
(87.1%)

185
(90.2%)

138
(85.7%)

106
(76.3%)

47
(74.6%)

16
(69.6%)

.022

Symptoms of other disease increased after COVID-19
infection

Yes 0 (0%) 8 (15.7%) 64 (20.1%) 56 (27.3%) 59 (36.6%) 58 (41.7%) 23
(36.5%)

10
(43.5%)

.005

No 5
(100%)

43
(84.3%)

255
(79.9%)

149
(72.7%)

102
(63.4%)

81 (58.3%) 40
(63.5%)

13
(56.5%)

.049

Treatment problems during COVID-19 Yes 0 (0%) 11
(21.6%)

60 (18.8%) 33 (16.1%) 27 (16.8%) 45 (32.4%) 14
(22.2%)

8 (34.8%) .019

No 5
(100%)

40
(78.4%)

259
(81.2%)

172
(83.9%)

134
(83.2%)

94 (67.6%) 49
(77.8%)

15
(65.2%)

.348

Death due to COVID-19 Yes 0 (0%) 2 (3.9%) 22 (6.9%) 4 (2%) 11 (6.8%) 25 (18%) 23
(36.5%)

14
(60.9%)

.002

No 5
(100%)

49
(96.1%)

297
(93.1%)

201 (98%) 150
(93.2%)

114 (82%) 40
(63.5%)

9 (39.1%) .043

Table 4a
Logistic regression analyses of different variables to determine their role in hospi-
talizations of patients with COVID-19.

Univariate analysis OR (95% CI) P value

Gender 1.21 (0.72e1.64) .001
Age: >60 years 4.83 (2.45e6.49) .004
Residence: Urban areas 1.78 (0.85e3.15) .023
Better access to health facilities 1.92 (0.48e1.93) .041
High income 1.45 (0.81e2.44) .976
Symptoms prevailing >14 days 4.12 (2.16e6.34) .001
Comorbidity
With comorbidities 5.86 (3.47e7.93) .003
CCI >3 vs. CCI <3 5.48 (3.95e7.24) .001
Hypertension 2.16 (1.41e3.53) .024
Diabetes 2.83 (1.54e3.96) .004
Heart diseases 2.44 (1.82e3.13) .016
Gastrointestinal diseases 1.12 (0.76e1.97) .037
Kidney diseases 1.67 (0.93e2.11) .001
Liver diseases 1.27 (0.87e2.43) .049
Asthma 1.94 (0.97e2.77) .034
Cancer 1.19 (0.78e2.46) .041
Tuberculosis 1.35 (0.93e2.27) .097
COPD 1.79 (0.62e3.76) .004
Lung disease 1.94 (1.02e3.83) .016
Paralysis 1.21 (0.82e2.17) .011
Typhoid 1.01 (0.43e1.73) .294
Dengue 1.18 (0.62e2.01) .068
Arthritis 1.09 (0.72e1.81) .043
Anemia 1.28 (0.68e2.31) .438
Hypothyroidism 1.15 (0.76e2.28) .001
Surgical infection 1.19 (0.79e2.0) .000

P value < .05 was considered statistically significant. OR-odds ratio, COPD-chronic
obstructive pulmonary disease, CCI- Charlson comorbidity index.
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About 44% patients with COVID-19 had comorbidities. Among
the patients 15% diagnosed with comorbidities after getting COVID-
19. The circulatory diseases including hypertension and cardio-
vascular diseases were the most common comorbidities (33%) in
the study population and endocrine diseases like diabetes was also
prevalent in the cohort. Regardless of sample size and study regions
hypertension, CVDs and diabetes were most common among
comorbidities in patients with COVID-19 [1e3,10,11,19-25,26-31].
At least two andmore than two comorbidities were detected in 22%
of the patients and gastrointestinal disease, liver and kidney
problems were prevalent after hypertension, CVDs and diabetes.
These findings on liver and kidney comorbidities were inconsistent
from previous studies as the frequency were higher [10,11,34e37].
People in least developed countries like Bangladesh suffer severely
with liver and kidney problems due to the unhealthy living con-
ditions and poor nutrients and contaminated foods. However res-
piratory problems including COPD (3%) were reported in lower
frequency in patients with COVID-19 than other comorbidities. This
finding is consistent with previous studies and may be due to the
lack of consciousness and proper diagnosis of respiratory diseases
like COPD in the community [10,32,33]. However about 1% patients
with COVID-19 were reported to have tuberculosis. The frequency
of patients with comorbid paralysis and cancer was low and the
finding is consistent with previous reports [10,38e40]. The fre-
quency of comorbidities was higher in male (58%) aged above 70
years. The frequency of gastrointestinal diseases (5.5%), liver dis-
eases (4.2%), kidney diseases (5.8%) and asthma (2.4%) as comor-
bidity were higher in female patients with COVID-19. These



Table 4b
Logistic regression analyses (both univariate and multivariate) of different variables to determine their role in fatality of patients with COVID-19 in Bangladesh.

Univariate analysis

Variables OR (95% CI) P value

Gender 1.84 (0.91e2.94) .003
Age: >60 years 5.43 (2.85e7.68) .001
Urban areas vs. village areas 1.38 (0.65e2.86) .037
Better access to health facilities 0.71 (0.39e1.61) .346
High income 1.83 (0.76e2.21) .067
Symptoms prevailing >14 days 2.92 (1.43e4.19) .008
Comorbidity
With comorbidities vs without comorbidities 4.62 (3.09e6.33) .005
CCI >3 vs. CCI <3 5.98 (3.65e7.63) .011
Hypertension 2.04 (1.41e3.53) .004
Diabetes 2.57 (1.42e3.83) .009
Heart diseases 2.92 (1.71e4.34) .029
Gastrointestinal diseases 1.16 (0.67e1.73) .391
Kidney diseases 1.39 (0.75e2.30) .005
Liver diseases 1.34 (0.92e2.49) .019
Asthma 1.51 (0.73e2.82) .008
Cancer 1.20 (0.63e2.16) .001
Tuberculosis 1.45 (0.81e2.67) .004
COPD 2.19 (0.97e3.82) .342
Lung disease 2.64 (1.54e4.03) .005
Paralysis 1.29 (0.76e2.67) .014
Typhoid 1.11 (0.63e2.49) .037
Dengue 1.62 (0.82e2.76) .001
Arthritis 1.72 (0.64e2.93) .006
Anemia 1.39 (0.91e2.86) .277
Hypothyroidism 1.05 (0.46e2.18) .160
Surgical infection 1.23 (0.53e2.61) .005
More than three symptoms 1.84 (0.92e3.84) .006

Multivariate analysis
Variables Adjusted OR P value

Age: >60 years vs. <60 years 3.77 (1.07e6.34) .007
Urban areas vs. village areas 2.04 (0.83e4.26) .001
Better access to health facilities vs. worse access to health facilities 0.73 (0.22e1.96) .043
High income vs. low income 1.19 (0.61e3.57) .009
Symptoms prevailing >14 days vs. <14 days 2.34 (0.81e4.63) .004
CCI >3 vs. CCI <3 5.23 (3.77e8.09) .001
Symptoms >3 vs. <3 2.16 (0.97e4.91) .035

P value < .05 was considered statistically significant. OR-odds ratio, COPD-chronic obstructive pulmonary disease, CCI- Charlson comorbidity index.
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findings reflected previously published works [1e4,10,11,19-26,27-
35, 36-42]. This is the first study on the impact of comorbidities on
outcome of COVID-19 in Bangladesh. Therefore, our findings will
append to the available knowledge on the frequency of comor-
bidities and distribution in age and sex group in patients with
COVID-19 established on the analysis of nationwide representative
larger sample in Bangladesh. In previous studies, comorbidities
including CVDs, diabetes, hypertension, respiratory diseases, car-
diac diseases, pregnancy, renal diseases, liver diseases and cancer
were detected to increase the risk of severity and fatality in patients
with COVID-19, SARS-CoV, avian influenza (bird flu), and MERS-
CoV infections [43e49]. In similar with previous studies on out-
breaks of respiratory diseases, our findings concluded that,
comorbidities including CVDs, hypertension, diabetes, liver dis-
eases, COPD, and cancer persuaded to severe clinical outcomes and
fatality in patients with COVID-19 [19-26,27-35,36-42,43-49].

The case fatality rate in the study cohort was 10.5 that is higher
than the overall case fatality rate of COVID-19 in Bangladesh. The
frequency of fatality was 61% in patients aged >70 years
(mean ± SD: 78.4 ± 4.3 years). Themean length of hospital stay was
8.9 ± 2.7 days for the 92% hospitalized patients. Higher odds were
present for hospitalization in patients aged >60 years (OR: 4.83,
95% CI: 2.45e6.49) with symptoms prevailing >14 days (OR: 4.12,
95% CI: 2.16e6.34), CCI >3 (OR: 5.48, 95% CI: 3.95e7.24), diabetes
(OR: 2.83, 95% CI: 1.54e3.96), and heart disease (OR: 2.44, 95% CI:
1.82e3.13). The highest odds of severity of COVID-19 were present
7

in CCI >4 (aOR: 3.41, 95% CI: 2.57e6.09) and CCI 3e4 (aOR: 2.96,
95% CI: 2.01e5.39). These findings on the association of de-
mographic factors, symptoms and comorbidities with the severity
of COVID-19 had reflected the previously published works
[10,11,19,20].

Consistent and higher odds of fatality were present in patients
aged >60 years (OR: 5.43, 95% CI: 2.85e7.68), with comorbidities
(OR: 4.62, 95% CI: 3.09e6.33). The higher odds of fatality were
present in group CCI >4 (aOR: 4.22, 95% CI: 2.92e6.89). The abso-
lute risks of severity and fatality in patients with COVID-19 grad-
ually increased from group CCI 0 to CCI 1e2, 3e4, and >4. This
study is with good agreement with previous works reporting the
impact of comorbidities on the prognosis of the severity of health
outcomes in patients with COVID-19 [10,11,19,20]. Further, having
easy access to health facilities of comorbid patients with COVID-19
(aOR: 0.73, 95% CI: 0.22e1.96) reduced the odds of associationwith
mortality.

The odds of association among comorbidities and outcomes in
this study was significantly consistent with the previous literature
reports [10,11,19-25,26-32,33-38]. In accordance with the available
studies we detected poor prognosis of COVID-19 patients with
comorbidities [10,11,19]. This study found that COVID-19 patients
with comorbidities have greater risk of developing severity and
fatality than those without. Further, the severity and fatality
increased with increased CCI, number of symptoms and age. The
proper screening of patients with COVID-19 and comorbidities



Fig. 3. Estimated absolute risks of sever outcomes of COVID-19 patients in relationwith age and Charlson Comorbidity Index (CCI) in A. Male and B. Female. Trends of risks of fatality
of COVID-19 patients in relation with age and CCI in C. Male and D. Female.
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should be conducted by examining the previous medical history to
identify the risk group immediately. Major concluding remark of
this study is the suggestion to implement immediate medical
assistance among aged patients with COVID-19 and comorbidities
in Bangladesh.

The main limitation of the study was self-reporting of comor-
bidities which could result in under-reporting of comorbidities.
Under-reporting of comorbidities might contribute to the under-
estimation or overestimation of the true strength of association
with the clinical prognosis and severity. We carefully reduced the
possibility of under-reporting through history taking of the patients
for longer time at four points and our findings were consistent with
previous studies [1e3,10,11,19e25,26-28,29-32]. This is the first
cohort study to predict the association of demographics, symptoms
and comorbidities with the prognosis of adverse health outcomes
in patients with COVID-19 in Bangladesh. This study will be a
guideline for future studies focusing similar outbreak dynamics. In
future, studies including more patients should be conducted to
power up the statistical analysis and elucidate the association of
8

comorbidities with the severity and fatality among patients with
COVID-19.
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