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Background and aims: This study investigated the clinical manifestations, outcomes and long-term
complications of COVID-19 inpatients in southern part of Bangladesh while emphasizing on in-
dividuals having diabetes.
Methods: A cross-sectional study was conducted for a sample of COVID-19 inpatients across four
different hospitals of Bangladesh between April 1and June 30, 2020. Variation in clinical characteristics,
contact history, comorbidities, treatment patterns, and immediate post COVID complications were
investigated.
Results: There were 734 COVID-19 presentations in this study of which 19.8% of patients had diabetes
and 76% of the COVID-19 patients were male. Among biochemical parameters, plasma glucose, D-dimer,
and Troponin-I levels were significantly elevated amidst the cohort with diabetes. The frequency of
patients requiring insulin increased threefold during infection with SARS CoV-2. 1.4% patients developed
new onset of diabetes mellitus. A number of COVID-19 patients with diabetes have been suffering from
complications post-recovery including pain, discomfort, and sleep disturbance.
Conclusion: Individuals with diabetes have experienced a severe manifestation of COVID-19 and post
disease complications. Further in-depth studies focused on larger sample sizes are entailed to assess the
relationships elaborately.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

COVID-19 is an infectious, contagious disease of the respiratory
system caused by a varying, novel strain of the Severe acute res-
piratory syndrome-related coronavirus (SARS-CoV) known as the
Severe acute respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) [1]. Since the inception of its outbreak in Wuhan, China at
the end of December 2019, COVID-19 increased its host span in a
rapid progression globally and therefore was declared a pandemic
by the WHO on March 11, 2020 [1,2].

SARS-CoV-2 is an enveloped, beta coronavirus consisting of a
an).
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single-stranded positive-sense RNA (23e32 kb) as its core genetic
material [3]. SARS-CoV-2 generally spreads through Human-to-
human transmission (HHT) by means of respiratory droplets
through direct contact or fomite and aerosols [4,5]. COVID-19 has a
diversified pattern in terms of symptoms, recovery rate and mor-
tality rates across the globe. Predominant manifestations of mild
flu-like symptoms, shortness of breath, depleted sense of taste and
smell were found in the majority of COVID-19 patients [6,7];
however in some, there were no symptoms at all while in others,
the disease either progressed towards more severe clinical com-
plexities including Pneumonia [8,9], Acute Respiratory Distress
Syndrome (ARDS), multi-organ failure or became lethal [2]. The
prospect of risk factor in the case of COVID-19 with regards to age
nevertheless is still vague since the disease has been diagnosed in
people in almost every age group.
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Case-control studies conducted on COVID-19 during the
pandemic concluded that comorbidity (persistence of medical
conditions including obesity, hypertension and diabetes mellitus)
could be a determinant on the progression of COVID-19 in in-
dividuals [10]. Although the data is quite limited, recent studies
have put forward that the prevalence of diabetes mellitus (DM) and
elevated blood glucose levels can act as independent factors of
mortality and morbidity related to COVID-19; firstly because in-
dividuals with diabetes have a prolonged recovery duration from
viral diseases due to having a compromised immune system and
secondly for the virus’s ability to sustain itself in an environment
with high glucose levels putting individuals with diabetes mellitus
at a vulnerable position from the aspect of casualties due to COVID-
19 [11e13]. Additionally, some recent studies proclaimed a number
of COVID-19 associated long term complications [14,15] which
require further investigation and assessment to establish facts in
detail.

With a population of more than 161 million people, Bangladesh
stands eighth among the most populated countries in the world
[16]. In Bangladesh, as of September 24, 2020, infections from
SARS-CoV-2 has spiked to nearly 352,287 individuals while the
death count figured to 5,044 people (https://iedcr.gov.bd/). Among
other conventional diseases and disorders in Bangladesh, cases of
diabetes are on the rise at an alarming rate and as available data
from the International Diabetes Federation (IDF) tell us, there are
8.4 million cases of diabetes in adults in Bangladesh [17]. To date,
multiple scientific studies have been conducted and published
relevant to the clinical characterization of COVID-19. Be that as it
may, the association of COVID-19 with diabetes and the disease’s
post-recovery effect on individuals is still a subject that needs
attention as well as analysis. The first of its kind in Bangladesh from
aspects of clinical epidemiology, metabolic changes and long-term
effects of COVID-19 on diabetic cases, the aim of this study was to
identify the frequency of diabetic individuals within a cohort of
COVID-19 diagnosed individuals being provided with medical
attention at different health care facilities and to compare the
clinical manifestations and long-term complications among the
diabetic and non-diabetic COVID-19 patients attending those
healthcare facilities.

2. Methods

2.1. Study design

A cross-sectional observational study was conducted among
COVID-19 cases confirmed positive by RT-PCR assay seeking med-
ical attention in four different medical institutes. To study com-
plications post-COVID-19 in individuals, patients who tested
negative after two consequent RT-PCR assessments at an interval of
24 h and 4 weeks before the interview date were considered.

2.2. Study sites

The study was conducted throughout four hospitals providing
aid to individuals diagnosed with COVID-19. Located in the Chat-
togram division of Bangladesh, the institutes were: 250 bedded
Chattogram General Hospital, Chittagong Medical College Hospital,
Bangladesh Institute of Tropical and Infectious Diseases (BITID) and
Chattogram Field Hospital. The tenure of the study was from April
2020 to June 2020.

2.3. Case definition

The presence or absence of SARS-CoV-2 infection and by
extension, a positive or negative case of COVID-19 was confirmed
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by RT-PCR assay. Individuals who resided in the hospitals for more
than 24 h were considered to be inpatients. Cases having glycated
haemoglobin (HbA1c) content of 6.5% who went through any
approved biochemical assessment of diabetes mellitus previously
were considered within the group having diabetes. Two or more
blood glucose level assessments which returned a result greater
than 11.1 mmol/l was defined as uncontrolled hyperglycemia;
contrary to which blood glucose levels <4 mmol/l was classified as
hypoglycaemia. Samples were split depending on them having or
not having diabetes considering medication itinerary of antidia-
betic drugs or fasting blood glucose level during admittance in the
hospital as determinants.

2.4. Sample size & data collection

A total of 734 patients diagnosed with COVID-19 were inter-
viewed for this study. A relevant questionnaire andmedical records
were taken into account as the principal sources of data. In terms of
data, hospital recordswere also reviewed and history of vaccination
was collected through self-reporting as well as records. All retro-
spective data collected by physicians over telephone interviews
were manually put into a electronic form. All information added on
the form which represented answers given by the subjects were
double-checked, submitted and the records were preserved. The
questionnaire in use asked for a patient’s socio-demographic in-
formation, clinical manifestations, biochemical parameters,
behavioural practices, comorbidities, medication types, laboratory
tests, electrocardiogram results, inpatient medications, treatments
and outcomes (including the length of stay in the hospital,
discharge, re-admission, and mortality).

2.5. Inclusion & Exclusion criteria

Cases confirmed to be COVID-19 positive following assessment
by RT-PCR using throat or nasal swabs were included in the study.
Deceased patients and thosewho had no interest in participation or
had concerns and disagreed to provide consent were excluded.

2.6. Ethical consideration

Preceding the interview, verbal consent was taken from the
subjects while a written consent waiver was received from the
Institutional Review Board (IRB) for this study. The protocol was
then approved by IRB of 250 bedded General Hospital, Chattogram.

2.7. Statistical analysis

Descriptive and inferential statistics were used to analyze the
collected data. To present categorical variables frequency counts
and percentages were used. Association between categorical vari-
ables were evaluated using Pearson’s chi-square test with conti-
nuity correction according to necessity. All analyses were
conducted using SPSS Statistics 25 (IBM, Armonk, New York)
licensed to King’s College London, UK.

3. Results

3.1. Demography and socio-economic conditions of COVID-19
patients with and without diabetes

A total of 734 cases were reported in this study of which, 80.11%
were without diabetes and 19.89% were with diabetes. Manifesta-
tions of COVID-19 among individuals with diabetes and without
diabetes significantly varied among different age groups
(P ¼ 0.000) (Table 1). Although one-third of the COVID-19 patients

https://iedcr.gov.bd/


Table 1
Demography of COVID-19 patients with and without diabetes participated in this study.

Variables Without Diabetes With Diabetes Total Pearson’s c2 P-value

588 146 734

Age (years)
0e9 15 (2.6%) 0 (0.0%) 15 (2.0%) 171.723 0.000
10e19 35 (6.0%) 0 (0.0%) 35 (4.8%)
20e29 169 (28.7%) 4 (2.7%) 173 (23.6%)
30e39 193 (32.8%) 17 (11.6%) 210 (28.6%)
40e49 86 (14.6%) 42 (28.8%) 128 (17.4%)
50e59 58 (9.9%) 39 (26.7%) 97 (13.2%)
�60 32 (5.4%) 44 (30.1%) 76 (10.4%)
Sex
Female 142 (24.1%) 34 (23.3%) 176 (24.0%) 0.048 0.827
Male 446 (75.9%) 112 (76.7%) 558 (76.0%)
Blood group
A- 9 (1.5%) 0 (0.0%) 9 (1.2%) 18.130 0.011
Aþ 121 (20.6%) 32 (21.9%) 153 (20.8%)
AB- 4 (0.7%) 2 (1.4%) 6 (0.8%)
ABþ 57 (9.7%) 11 (7.5%) 68 (9.3%)
B- 10 (1.7%) 0 (0.0%) 10 (1.4%)
Bþ 221 (37.6%) 51 (34.9%) 272 (37.1%)
O- 1 (0.2%) 4 (2.7%) 5 (0.7%)
Oþ 165 (28.1%) 46 (31.5%) 211 (28.7%)
Dwelling type
Urban 407 (69.2%) 108 (74.0%) 515 (70.2%) 1.263 0.261
Village 181 (30.8%) 38 (26.0%) 219 (29.8%)
Monthly income (BDT)
�9,999 42 (7.10%) 7 (4.80%) 49 (6.70%) 21.268 0.000
10,000e24,999 179 (30.40%) 27 (18.50%) 206 (28.10%)
25,000e49,999 237 (40.30%) 56 (38.40%) 293 (39.90%)
50,000e74,999 64 (10.90%) 22 (15.10%) 86 (11.70%)
�75k 66 (11.20%) 34 (23.30%) 100 (13.60%)
BCG vaccine
Yes 509 (86.6%) 119 (81.5%) 628 (85.6%) 2.421 0.12
No 79 (13.4%) 27 (18.5%) 106 (14.4%)
All Vaccination
Yes 542 (92.2%) 128 (87.7%) 670 (91.3%) 2.983 0.084
No 46 (7.8%) 18 (12.3%) 64 (8.7%)
History of contacts with COVID-19 patients
Direct contact with COVID-19 patients 309 (52.6%) 55 (37.7%) 364 (49.6%) 10.359 0.001
Indirect contact with COVID-19 patients 345 (58.7%) 76 (52.1%) 421 (57.4%) 2.095 0.148
Contact with foreign returnees 31 (5.3%) 8 (5.5%) 39 (5.3%) 0.01 0.92
Went outside of home frequently 432 (73.5%) 93 (63.7%) 525 (71.5%) 5.482 0.019
Had infected family member(s) 233 (39.6%) 58 (39.7%) 291 (39.6%) 0.000 0.982

BDT¼ Bangladeshi Taka, 1 USD ¼ 84.90 Bangladeshi Taka (as of 08.09.202).
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with diabetes belonged to the elder age group (�60 years), the
persistence of COVID-19 was higher in the patients not exceeding
39 years of age andwithout diabetes (Table- 1). The number of male
patients (76%) was three times higher than female patients (24%)
regardless of them being with or without diabetes. In the dataset,
the most frequently occurring blood groups among patients with
diabetes were Bþ (35%) and Oþ (31%), while there were no A- and
B- blood groups among the individuals. The prevalence of COVID-19
cases was found to be comparatively higher in the urban area (70%).
Monthly gross family income and the burden of diabetes among
COVID-19 patients were significantly correlated (P ¼ 0.000). We
found that about 40% COVID-19 patients belonged to middle-
income families with a gross monthly income between BDT
25,000 and BDT 49,999 (296e590 USD). Interesting enough,
COVID-19 patients from the low-income tier had a lower burden of
diabetes (18.5% vs 30.4%) whereas the high-income group had
almost double the burden of diabetes (23.3% vs 11.2%). There were
no significant differences in terms of being vaccinated or not
vaccinated among patients with andwithout diabetes. Themajority
of COVID-19 cases were found to have been administered with all
vaccines (91%) and BCG vaccine (85%) but this does not have any
impact on the outcome of the disease depending on them having
diabetes or not having diabetes. The most common comorbidities
2033
were cardiovascular diseases (24%), respiratory diseases (11%), and
history of heart attack (10%) in patients with diabetes. Moreover the
frequency of comorbidities, cancer (3.4% vs 0.9%, P ¼ 0.016), car-
diovascular disease (24% vs 5.4%, P ¼ 0.000), respiratory disease
(11% vs 5%, P ¼ 0.007), liver disease (5.5% vs 1%, P ¼ 0.002), history
of heart attack (10% vs 0.71%, P ¼ 0.000) and other chronic disease
(14% vs 6.5%, P ¼ 0.004) are statistically significant in COVID-19
patients with diabetes (Table- 1).

We tried to trace their contact with any confirmed COVID-19
patients directly, indirectly or both. For the record, we even tried
to trace their frequency of going out prior to infection and whether
they were in any proximity with returnees from abroad. We found
that 49.6% (n ¼ 264) COVID-19 patients had direct contact, 57.4%
(n¼ 421) had indirect contact with COVID-19 patients before being
infected and 39 (5.3%) had contact with foreign returnees (Table-
1). 525 (71.5%) COVID-19 patients went outside of their homes at
least once a day and 291 (39.5%) COVID-19 patients had family
members who were already infected.

Compared to COVID-19 patients without diabetes, direct contact
with any other COVID-19 patients (with diabetes 55, 37.7% vs
without diabetes 309, 52.6%, P ¼ 0.001) and going outside their
homes (with diabetes 93, 63.7% vs without diabetes 432, 73.5%,
P ¼ 0.019) were significantly higher in COVID-19 patients with
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diabetes. Patients without diabetes went out (at least once a day)
more significantly (P < 0.05) than patients with diabetes before
getting infected. In addition to that patients without diabetes had
direct contact with COVID-19 positive patients (at least once) more
significantly than patients with diabetes. No significant differences
were observed between COVID-19 patients with and without dia-
betes regarding indirect contact with other COVID-19 patients
(With diabetes n ¼ 76, 52.1% vs without diabetes 345, 58.7%,
P ¼ 0.148), contact with people returned from foreign (with dia-
betes n ¼ 8, 5.5% vs without diabetes n ¼ 31, 5.5%, P ¼ 0.92) and
SARS-CoV-2 infected family member (with diabetes n ¼ 58, 39.7%
vs without diabetes n ¼ 233, 39.6%, P ¼ 0.982).

In the cohort with diabetes, 41% of the cases have a family his-
tory of diabetes (Supplementary file-1, Table S1). 25% of them being
maternal while the rest of the 16% being paternal. Furthermore, 48%
of the COVID-19 cases with diabetes were diagnosed with diabetes
more than 5 years ago whereas 19.8% of the patients have been
diagnosed less than a year back. Among the subjects, 1.35% of pa-
tients (n ¼ 10) had no previous history of diabetes and were
diagnosed with diabetes after being diagnosed with COVID-19
(Supplementary file-1, Table S1).
3.2. Variation in clinical manifestations of COVID-19 among
patients with and without diabetes in Bangladesh

Variations in clinical manifestations of COVID-19 patients with
and without diabetes have been observed and highlighted in
Table 2. 8.9% (n ¼ 64) was asymptomatic and among them, COVID-
19 patients without diabetes (10%, n¼ 59) were significantly higher
(P ¼ 0.024) than that of the patients with diabetes (4.1%, n ¼ 6).

The most common symptoms observed on the onset of the
disease, regardless of ages and sex, were persistent fever (75.5%,
n¼ 554), cough (57.4%, n¼ 421), loss of taste (43.5%, n¼ 319), aches
and pain (40.1%, n ¼ 294), loss of smell 39.8% (n ¼ 292). Persistent
fever (temperature > 38 �C) was observed in 75.5% (n ¼ 554) pa-
tients extending beyond 1 day. It was significantly higher (P < 0.05)
in patients with diabetes (89.7%, n ¼ 131) than that of the patients
without diabetes (71.9%, n ¼ 423). Among 195 (26.6%) SARS-CoV-2
Table 2
Variation in clinical manifestation of COVID-19 among patients with and without diabet

Variables Without diabetes W

588 14

Asymptomatic 59 (10%) 6
Persistent fever (>38_C for at least 1 day) 423 (71.9%) 13
Chills 75 (12.8%) 25
Chest pain 96 (16.3%) 32
Cough 334 (56.8%) 87
Aches and pain 229 (38.9%) 65
Breathing difficulty 138 (23.5%) 57
Sore throat 143 (24.3%) 32
Running nose 117 (19.9%) 30
Tiredness 66 (11.2%) 15
Vomiting/nausea 61 (10.4%) 16
Conjunctivitis 21 (3.6%) 10
Diarrhea 117 (19.9%) 32
Loss of smell 237 (40.3%) 55
Loss of taste 255 (43.4%) 64
Comorbidities
Cancer 5 (0.9%) 5
Cardiovascular
Diseases

32 (5.4%) 35

Respiratory disease 23 (4.9%) 16
Liver diseases 8 (1.4%) 8
History of heart attack 4 (0.71) 14
Other chronic diseases 38 (6.5%) 20

2034
positive patients, breathing difficulties including shortness of
breath and/or rapid breathing was also significantly higher in
COVID-19 patients with diabetes (57, 39%) than that in patients
without diabetes (n ¼ 138, 23.5%).

For symptoms, no significant deviations were found when
compared between COVID-19 patients with and without diabetes
such as chills, chest pain, cough, aches and pain, sore throat,
running nose, tiredness, vomiting, conjunctivitis, diarrhea, loss of
smell, loss of taste and hair-fall. Individuals within the 30e39 age
group had significantly more fever, body ache, cough and breathing
difficulties (Supplementary file-1, Fig. S1). Symptoms like sore
throat, loss of smell and taste were observed more in COVID-19
individuals aged 20e29 (Supplementary file-1, Fig. S1).
3.3. Biochemical parameters of COVID-19 patients with and
without diabetes

In this study, various biochemical and hematological parameters
were scrutinized among COVID-19 patients with diabetes and
without diabetes (Table- 3). For COVID-19 patients, individuals with
diabetes were significantly more hyperglycemic (P < 0.05) than
without diabetes. In addition to that, serum creatinine (15.9% vs
4.5%), CRP (44% versus 19%), troponin-I (43.2% vs 15%) and the total
count (TC) of WBC, ESR were significantly (P < 0.05) higher in
COVID-19 patients with diabetes than those without diabetes.
However, the degree of serum uric acid was lower in COVID-19
cases with diabetes. The TC of WBC of most of the patients were
in the normal range, but the classified count showed that the TC of
COVID-19 patients with diabetes were significantly higher than
those without diabetes. Although the platelet count of most of the
patients was within the normal range, the categorical data showed
that it was significantly (P< 0.05) higher among the COVID-19 cases
with diabetes. Compared to cases without diabetes, the level of D-
dimer, troponin-I and CRP was significantly higher in patients with
diabetes with no significant differences in the level of Ferritin and
SGPT. However, more than 60% of the COVID-19 cases with and
without diabetes were found to have more high serum Ferritin
levels.
es in Bangladesh (N ¼ 734).

ith diabetes Total Pearson’s c2 P value

6 734

(4.1%) 64 (8.9%) 5.086 0.024
1 (89.7%) 554 (75.5%) 19.992 0.000
(17.1%) 100 (13.6%) 1.896 0.168
(21.9%) 128 (17.4%) 2.54 0.111
(59.6%) 421 (57.4%) 0.371 0.542
(44.5%) 294 (40.1%) 1.514 0.219
(39%) 195 (26.6%) 14.537 0.000
(21.9%) 175 (23.8%) 0.372 0.542
(20.5%) 147 (20%) 0.031 0.861
(10.3%) 81 (11%) 0.108 0.743
(11%) 77 (10.5%) 0.043 0.836
(6.8%) 31 (4.2%) 3.107 0.078
(21.9%) 149 (20.3%) 0.295 0.587
(37.7%) 292 (39.8%) 0.339 0.56
(43.8%) 319 (43.5%) 0.01 0.919

(3.4%) 10 (1.4%) 5.768 0.016
(24%) 67 (9.1%) 48.417 0.000

(11%) 45 (6.1%) 7.382 0.007
(5.5%) 16 (2.2%) 9.306 0.002
(9.6%) 18 (2.5%) 38.804 0.000
(13.7%) 58 (7.9%) 8.415 0.004
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3.4. Medication itinerary in COVID-19 cases with and without
diabetes

The percentage of cases with diabetes taking insulin as an aid
dramatically increased (more than three times) when diagnosed
with COVID-19. Before being infected, only 18% of the individuals
took insulin shots, which increased very promptly to 63% post-
COVID-19 diagnosis (Figure- 1). On the contrary, the percentage
of intake of other medications related to diabetes by COVID-19
patients except for insulin such as Biguanide and Sulfonylurea
decreased from 44% to 29% and from 11% to 4% respectively. Be-
sides, intake of DPP4 inhibitors and other drugs were also
decreased from 2% to 1%.

The increased rate of insulin-dependent individuals among
COVID-19 groups drewmore prudent attention. Graph C shows the
insulin doses and percentages of patients in its horizontal and
vertical axis respectively. The most frequently taken insulin dose
was 41e50 units.

Some common natural remedies along with antibiotics were
acclimatized by individuals with COVID-19 regardless of their being
diagnosed with diabetes. The antibiotics and medications encom-
passed Azithromycin (67.0%), Steroids (12%), Doxin (10.4%), Iver-
mectin (9.0%) and multiple other types (1.6%) (Fig. 1).

3.5. Physical and mental health complications in recovered COVID-
19 cases with and without diabetes

In this study, the complications of patients after 4 weeks of
being recovered from COVID-19 were investigated. Most of the
patients (29.8%) were having moderate pain or discomfort (Table-
4). However, individuals with diabetes (40%) were found to have
significantly (P < 0.05) higher levels of pain than those without
diabetes (27.3%). Troubles in mobility and movement were signif-
icantly (P < 0.01) experienced by recovered patients with diabetes
than those without. Other complications observed were loss of
concentration (24.80%), moderate anxiety or depression (20%),
disturbance in sound sleep (19.7%), moderate memory loss (16.7%),
panic attacks (13.6%) and hair-fall (8.8%). However, no significant
differences were observed in terms of the aforesaid complications
between groups with and without diabetes.

4. Discussion

To the best of our knowledge, this study pioneered in investi-
gating the clinical characteristics and prognosis of COVID-19
Fig. 1. Various treatments and medications of diabetic patients during covid-19. A) Perce
different treatments and drugs during covid-19 C) Dose of insulin used during covid-19.

2035
patients with diabetes in Bangladesh. For the past few decades, the
prevalence of diabetes mellitus in Bangladesh has been on the rise.
Although previous studies reported a 9% to 14% prevalence of dia-
betes in COVID-19 patients [14,18,19], our study concluded on a
higher prevalence rate for the same (19.89%). Larger proportion of
geriatric patients in our sample might contribute this higher
prevalence rate. Similar to previous studies in other regions [20,21]
our study also found that 76% of the diagnosed cases were males
and that the frequency of COVID-19 was significantly higher in
individuals with diabetes aged 40 and higher. Apart from diabetes
mellitus, cardiovascular diseases (24%), respiratory diseases (11%)
and chronic diseases were common.

Nuance in expression of blood group antigen can either elevate
or reduce host susceptibility to infections caused by Helicobacter
pylori, Norwalk virus, and SARS-CoV etc by serving as receptors
and/or co-receptors for pathogens [22]. In this study, we found Bþ
and Oþ blood groups were prevalent among patients B þ and Oþ,
whereas A- and B- had a lower frequency. Bþ and Oþ blood groups
have previously been reported as the most common blood group
among Bangladeshis [23] which could be a contributing reason for
the higher prevalence. However, some global studies reported that
blood group A was associated with COVID-19 compared to non-A
blood groups [24,25]. Our study did not find any similar relation-
ship in regards to the aforesaid fact.

The clinical manifestations of COVID-19 were almost similar in
the group with and without diabetes (Table 2). According to the
present study, the occurrence of asymptomatic infection is less in
COVID-19 patients with diabetes. The compromised immune
response among cases with diabetes has been reported to play a
role in disease expression and progression [26] and that can be a
strong determinant for the higher frequency of symptomatic
COVID-19 cases.

Common symptoms in both groups regardless of age and sex
were fever, cough, aches and pain, loss of taste and smell, breathing
difficulties. Several studies previously conducted also support this
pattern of symptoms for people with diabetes [6,13]. Prevalence of
fever was found in 75% of the cases, the rate being significantly
higher in patients with diabetes than in patients without diabetes.
Since diabetes results in an individual’s body to go into an immu-
nocompromised state favourable for secondary infection and by
extension, the persistence of fever are high [11]. Additionally,
breathing difficulty was significantly higher in patients with dia-
betes. Severe progression of COVID-19 (resulting in a severe case of
pneumonia, ARDS) and complex clinical attention such as ICU
requirement for individuals diagnosed with COVID-19 are
ntage of the anti-diabetic medications used before and during covid-19. B) Frequency of



Table 3
Laboratory and radiological findings of COVID-19 patients at admission.

Variables Without diabetes With diabetes Total Pearson’s c2 P-value

Blood sugar level (n¼734)
<4 mmol/L 1 (0.2%) 2 (1.4%) 3 (0.4%) 82.983 0.000
4e11 mmol/L 496 (84.4%) 72 (49.3%) 568 (77.4%)
�11.1 mmol/L 91 (15.5%) 72 (49.3%) 163 (22.2%)
Serum uric acid (n¼229)
High 19 (19.6%) 10 (7.6%) 29 (12.7%) 7.294 0.007
Normal 78 (80.4%) 122 (92.4%) 200 (87.3%)
Serum creatinine (n¼219)
High 5 (4.5%) 17 (15.9%) 22 (10%) 7.902 0.005
Normal 107 (95.5%) 90 (84.1%) 197 (90%)
CRP (n¼390)
High 52 (19.2%) 53 (44.2%) 105 (26.9%) 32.03 0.000
Normal 218 (80.8%) 67 (55.8%) 285 (73.1%)
Troponin (n¼214)
High 21 (15%) 32 (43.2%) 53 (24.8%) 20.725 0.000
Normal 119 (85%) 42 (56.8%) 161 (75.2%)
Ferritin (n¼361)
High 141 (62.9%) 84 (61.3%) 225 (62.3%) 2.075 0.354
Low 3 (1.3%) 0 (0.0%) 3 (0.8%)
Normal 80 (35.7%) 53 (38.7%) 133 (36.8%)
D-Dimer (n¼416)
High 139 (47.3%) 79 (64.8%) 218 (52.4%) 10.557 0.001
Normal 155 (52.7%) 43 (35.2%) 198 (47.6%)
SGPT (n¼290)
High 81 (45.3%) 49 (44.1%) 130 (44.8%) 0.034 0.854
Normal 98 (54.7%) 62 (55.9%) 160 (55.2%)
CBC WBC TC (n¼203)
High 16 (11.8%) 20 (29.9%) 36 (17.7%) 10.425 0.005
Low 1 (0.7%) 0 (0.0%) 1 (0.5%)
Normal 119 (87.5%) 47 (70.1%) 166 (81.8%)
Lymphocyte (n¼203)
High 0.7% 3 (4.5%) 4 (2.0%) 3.258 0.196
Low 66 (48.5%) 31 (46.3%) 97 (47.8%)
Normal 69 (50.7%) 33 (49.3%) 102 (50.2%)
Neutrophil (n¼203)
High 70 (51.5%) 34 (50.7%) 104 (51.2%) 0.266 0.876
Low 1 (0.7%) 1 (1.5%) 2 (1.0%)
Normal 65 (47.8%) 32 (47.8%) 97 (47.8%)
Platelet (n¼203)
Low 7 (5.1%) 8 (11.9%) 15 (7.4%) 3.027 0.082
Normal 129 (94.9%) 59 (88.1%) 188 (92.6%)
ESR (n¼213)
High 9 (8.2%) 32 (31.1%) 41 (19.2%) 17.924 0.000
Normal 101 (91.8%) 71 (68.9%) 172 (80.8%)

Reference value: D-dimer < 0.5 mg/mL, Ferritin -Male 18e370 ng/mL, Female 9e120 ng/mL; Serum Creatinine- Male 0.4e1.4mg/dL, Female - 0.3 mg -1.1mg/dL; CRF: < 5mg/L;
Troponin: < 0.30 ng/mL; Uric acid: Male- 3.4 e 7 mg/dL, Female 2.4e6 mg/dL; ESR: Male < 22 mm/h, Female < 29 mm/h; SGPT: Male: 15e65 U/L, Female 15e60 U/L; CBC:
WBC: 4-11 � 109/L, Neutrophil: 40e75%; Lymphocyte 20e45%, ESR: Male 0e10 mm, Female 0e15 mm.
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associated with the individual having or not having diabetes mel-
litus [27,28].

In terms of comorbidities, cases with diabetes have a higher rate
of cardiovascular disease, respiratory disease, cancer and other
chronic illnesses like CKD.According toprevious studies andpresent
investigation, the depletory impact of COVID-19 is higher in co-
morbid patients than thosewho do not have comorbidities [29e31].

Biochemical diagnostic assays reported that significantly greater
hyperglycemia was observed in patients with diabetes than those
without (Table 2). In cases with diabetes, we found higher con-
centrations of leukocyte and c-reactive protein compared with
non-diabetic COVID-19 cases. However, almost half of the study
cases had lymphocytopenia in both groups. Degree of Lymphocy-
topenia is associated with the severity of SARS-CoV 2 infection
[32e34]. Patients with DM have blunted antiviral INF response
delayed activation of Th4/Th17 may contribute to accentuated in-
flammatory response as is seen in this study by increasing CRP. CRP
and ESR are significantly increased among patients with diabetes
than non-diabetes [6,13]. High CRP on admission among diabetic
patients is a strong indication for the severe disease [6] might be
2036
explained by the fact that patients with diabetes were more sus-
ceptible to pathogens post-viral infection due to depleted levels of
immune function. Higher levels of D-dimer on admission were
found in individuals with diabetes than those without. Similar
patterns were also observed by Guozhen et al. (2020) in their study
[35]. In this study, compared to COVID-19 patients without dia-
betes, geriatric patients with diabetes had significantly higher
levels of D-dimer which might alter their immunological & pul-
monary functions.

Compared with COVID-19 patients without diabetes, Troponin-
1 was also found to be present at significantly higher levels in those
with diabetes (Table 3). Findings similar to ours were found in Italy
previously. A considerable proportion of patients presented with
elevated cardiac troponin-I level in patients with comorbidities
including diabetes mellitus [36]. However, this retrospective study
had a smaller size in terms of cases with diabetes therefore it may
lead to a selection bias. Thus, further studies are required for a
better perception.

Besides aggravating pre-existing diabetes, COVID-19 can also
trigger the new onset of DM. In this study, we found a few numbers
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of new cases of diabetes (1.34%, n ¼ 10) post COVID-19 infection.
Although the presence of ACE2 receptors were found on the
pancreatic beta cells [37], however, whether it was Type 1 Diabetes
Mellitus or Type 2 Mellitus could not be shed light upon and thus
calls for further analyses and cohorts to assess.

The frequency of patients taking insulin during COVID-19
increased more than three-fold in terms of the intake frequency
before COVID-19 occurrence (Fig. 1). In patients with DM, any
infection can worsen glycemic control through stress, mediated
through mechanisms such as enhancement of cortisol of release
[38]. In this study about one-quarter of patients took steroids. Use
of steroids during COVID-19 infection further deteriorates glycemic
status as well as raising insulin requirement. The majority of pa-
tients get>40-unit insulin during COVID-19 i.e. 40-unit/day. Similar
results were also found in other studies [39]. Intensive insulin
treatments, such as basal-bolus insulin therapy and continuous
intravenous insulin infusion are effective therapeutic measures
when it comes to the management of hospitalized patients having
hyperglycemia [40,41].

Metformin is the commonly used drug for Type 2 DM cases often
in combination with other therapeutic measures. However, met-
formin has a potential side effect in lactic acidosis, with heightened
risk in the context of renal, cardiac and liver impairment, hyper-
tension and acute illness. Therefore, current NICE guidelines
recommend temporary discontinuation of metformin therapy dur-
ing acute illness (including COVID-19 infection) [42]. But in this
study, about half of the patients continued taking metformin while
they were diagnosed with COVID-19 as well as sulfonylurea [43].

Regarding the usage of antibiotics, the majority of patients took
azithromycineitherby their self of judgementorafter consultingwith
a physician. On the other hand, few patients took Doxycycline and
Table 4
Physical and mental health complications in recovered COVID-19 cases with and withou

Variables Without diabetes With

(n ¼ 588) (n ¼
Mobility
Confined to bed 9 (1.5%) 4 (2.
Some problems in walking 74 (12.6%) 37 (2
No problem in walking 505 (85.9%) 105
Self-care
Unable to wash or dress myself 6 (1%) 4 (2.
Some problem in washing or dressing 49 (8.3%) 11 (7
No problem with self-care 533 (90.6%) 131
Pain/discomfort
Extreme pain or discomfort 9 (1.5%) 5 (3.
Moderate pain or discomfort 160 (27.2%) 59 (4
No pain or discomfort 419 (71.3%) 82 (5
Anxiety/depression
Extremely anxious or depressed 7 (1.2%) 2 (1.
Moderately anxious or depressed 115 (19.6%) 35 (2
Not anxious or depressed 466 (79.3%) 109
Sleep
Can’t sleep 45 (7.7%) 20 (1
Disturbance in sound sleep 114 (19.4%) 31 (2
Nightmare 10 (1.7%) 4 (2.
Panic attack
Yes 80 (13.60%) 18 (1
No 508 (86.40%) 128
Loss of concentration
Yes 146 (24.80%) 42 (2
No 442 (75.20%) 104
Memory loss
Extreme 7 (1.20%) 3 (2.
Moderate 98 (16.70%) 33 (2
No 483 (82.10%) 110
Hairfall
Yes 52 (8.8%) 19 (1
No 536 (91.15%) 127
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Ivermectin despite a lack of clinical evidence supporting their ther-
apeutic effectiveness against COVID-19. Most recent guidelines sug-
gest avoiding the use of antibiotic agents blindly and should only be
used when there are confirmed secondary bacterial infections [44].

To our knowledge, this is the first systematic cohort study of the
psychiatric and physical consequences of coronavirus infection
among Bangladeshi COVID-19 patients with diabetes. Along with
common symptoms, we have observed impaired mobility and pain
were prominent in Bangladeshi COVID-19 patients with diabetes
(Table 4). Our main findings are similar to previous observations in
the acute stage of SARS, MERS, and COVID-19 [45]; there is evidence
of depression, anxiety, fatigue, and post-traumatic stress disorder
in the post-illness stage of previous coronavirus epidemics [5]. Our
observations on COVID-19 diabetic patients are in line with these
previous observations. Other common psychiatric findings were
depression (24%), panic attack (13%), loss of concentration (29%),
loss of memory (22%), and insomnia (13%). Notably, insomnia,
memory loss, anxiety, and depression were relatively common,
suggesting that although a full syndrome of mania was uncommon,
subthreshold symptoms might be present. However, the common
symptoms that were reported to be highly prevalent (such as
depression, anxiety, loss of concentration, memory loss and fa-
tigue) could implore selection bias and be irrelevant to SARS-CoV-2
infection. Since our study results were based on cohort information,
it was not confirmed by any professionals. So further psychiatric,
clinical and molecular research is required to explain the mecha-
nism of various abnormalities due to COVID-19.
4.1. Limitations

The study population only included patients from four selected
t Diabetes.

diabetes Total Pearson’s c2 P-value

146) (n ¼ 734)

7%) 13 (1.8%) 16.298 0.000
5.3%) 111 (15.1%)
(71.9%) 610 (83.1%)

7%) 10 (1.4%) 2.64 0.267
.5%) 60 (8.2%)
(89.7%) 664 (90.5%)

4%) 14 (1.9%) 12.934 0.002
0.4%) 219 (29.8%)
6.2%) 501 (68.3%)

4%) 9 (1.20%) 1.461 0.482
4.0%) 150 (20.40%)
(74.7%) 575 (78.30%)

3.70%) 65 (8.90%) 7.033 0.71
1.20%) 145 (19.80%)
70%) 14 (1.90%)

2.30%) 98 (13.40%) 0.165 0.685
(87.70%) 636 (86.60%)

8.80%) 188 (25.60%) 0.952 0.329
(71.20%) 546 (74.40%)

10%) 10 (1.40%) 3.62 0.164
2.60%) 131 (17.80%)
(75.30%) 593 (80.80%)

3%) 71 (9.7%) 2.328 0.127
(86.98%) 663 (90.32%)
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COVID-19 hospitals in Bangladesh and no community population
was enrolled in the research study. There could be possibilities of
information bias as well as recall and interviewer bias because the
interviews were conducted over the telephone. Data related to
biochemical assays were not available for more than 50% of the
patients. During the early stages of the pandemic, diagnostic fa-
cilities for COVID-19 cases were scarce, so were the financial means
for some individuals which held them back from going for any kind
of biochemical tests and evaluations. Regardless, this study is the
most substantial one conducted from Bangladesh on COVID-19
postive diabetes individuals to date.

5. Conclusion

COVID-19 patients with diabetes were more likely to be symp-
tomatic and within higher age groups. Cohorts with diabetes
exhibited and nested more comorbidities and biochemical aber-
rations than cases without diabetes. Some post-COVID complica-
tions were observed significantly among recovered COVID-19
patients with diabetes. Further molecular, psychological and clin-
ical studies are required to better understand the relationship be-
tween COVID-19 and diabetes.
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