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Abstract

Aim: This study aimed to identify the predictors of mortality and ICU requirements in
hospitalized COVID-19 Patients with Diabetes.

Design: Cross-sectional study.
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Methods: It was a retrospective study of patients hospitalized with COVID-19 in-
fection from October 2020-February 2021 in four hospitals in Sylhet, Bangladesh.
Logistic regression analysis was applied to explore the predictors of ICU requirement
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and in-hospital mortality.

Results: In the whole cohort (n = 500), 11% of patients died and 24% of patients re-
quired intensive care unit (ICU) support. Non-survivors had significantly higher preva-
lence of lymphopenia, thrombocytopenia and leukocytosis. Significant predictors of
in-hospital mortality were older age, neutrophil count, platelet count and admission
peripheral capillary oxygen saturation (SpO2). Older age, ischemic heart disease,
WBC count, D-dimer and admission SpO2 were identified as significant predictors
for ICU requirement.
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1 | INTRODUCTION been confirmed around the world (COVID live., 2022). The case fa-
tality rate is between 0.5% and 1% (Perez-Saez et al., 2021; Verity
The ongoing pandemic of COVID-19 caused by the SARS-CoV-2 et al., 2020). Previous studies have demonstrated comorbidities

continues to threaten human lives, even more than one and a half as risk factors for poor outcomes in past coronavirus-related out-

years after the onset of the outbreak. The situation is becoming
more challenging as new evidence is growing that some new variants
of coronavirus may escape immune responses that have developed
from vaccines or previous infections (Callaway, 2021). As of June
08, 2022, about 6.32million deaths due to COVID-19 in total have

breaks. (Booth et al., 2003; Hui et al., 2018;Yang, Han, et al., 2020;
Yang, Yu, et al., 2020; Yang, Zhong, et al., 2020).

Earlier reports found a high prevalence of diabetes among pa-
tients hospitalized due to COVID-19 (Mithal et al., 2021; Richardson

et al., 2020). Patients with diabetes mellitus are more susceptible
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to adverse outcomes of COVID-19 disease. The prevalence of di-
abetes was two- to three-fold higher in patients who required in-
tensive care unit supports (ICUs), and they had a higher death rate
when compared with patients with less severe form of disease
(Cariou et al., 2022; Kastora et al., 2022; Mithal et al., 2021; Zhou
et al., 2020). However, people with diabetes also have a high preva-
lence of co-morbidities like hypertension, obesity and cardiovascular
disease than non-diabetic people, and these comorbidities are linked
to severe disease course and poor outcomes (Bae et al., 2021; Perez
et al., 2021). Therefore, it is a need to investigate the potential as-
sociations between diabetes, other co-morbidities and COVID-19. In
this study, we, therefore, aimed to directly compare people with dia-
betes vs. people without diabetes living in the same geographic area.

Given the high prevalence of diabetes and its strong adverse im-
pact on outcomes related to COVID-19, finding the best evidence for
improving outcomes in patients with COVID-19 and diabetes is cru-
cial. Though several meta-analyses and systemic reviews (Bradley
etal., 2022; Corona et al., 2021; Mahamat-Saleh et al., 2021) showed
a close relationship between diabetes and mortality of COVID-19,
studies looking for demographics & early laboratory parameters
as predictors of subsequent disease courses are few (Yang, Han,
et al., 2020; Yang, Yu, et al., 2020; Yang, Zhong, et al., 2020). That
is why we did this study to ascertain the factors that can help in
predicting subsequent composite in-hospital outcomes, like ICU re-
quirement and mortality from COVID-19.

2 | SUBJECTS, MATERIALS AND
METHODS

2.1 | Study design

A retrospective analysis has been conducted for admitted patients
between October 2020 and February 2021 in four hospitals of
Sylhet, Bangladesh. We collected data of all patients who got ad-
mitted during this study period. All patients were assessed at the
emergency department. The diagnosis of COVID-19 was made
when patients come with clinical features suggestive of COVID-19
and supported by (I) RT-PCR result positive for SARS-CoV-2, or (Il)
characteristic findings of COVID-19 on chest X-ray or HRCT scan.
Clinical, demographic and laboratory data from all adult patients
were recorded at the time of hospital admission. Blood sample was
sent soon after hospital admission for laboratory studies like com-
plete blood count, D-dimer, Serum ferritin and blood glucose. Cell
count was done by fully automated analyser SYSMEX-XT2000i. All
data were collected from hospital records.

This study included 500 patients (Diabetic = 322, non-
diabetic = 178) with a diagnosis of COVD-19. From the whole co-
hort, patients with diabetes having definite in-hospital outcomes
(n = 281) were selected for final analysis to find out the predictors of
in-hospital outcomes. For the purpose of this study, DM was defined
as having one or more of the following criteria: known case of DM
based on medical record, already on anti-DM medications.

2.2 | Datacollection

The demographic information taken here are age (in years), sex (male/
female) and length of hospital stay (in days). Clinical data collected
here are presenting symptoms (fever, cough, respiratory distress,
fatigability, loss of smell, diarrhoea, sore throat, anorexia, chest pain,
vomiting, headache); comorbidities (such as diabetes [DM], hyper-
tension, chronic kidney disease [CKD], ischemic heart disease [IHD],
chronic obstructive pulmonary disease [COPD] and cerebrovascular
disease [CVD]); respiratory support required (Ventilator, NIV [non-
invasive ventilation], HFNC [High flow nasal cannula], low flow oxy-
gen and No O, [No supplemental oxygen]) and oxygen saturation
measured by pulse oximeter (SpO2) on admission. Laboratory data
included here are complete blood count (CBC), D-dimer, serum fer-
ritin and random blood sugar (RBS). Findings of chest CT scan are

also included.

2.3 | Statistical analysis

The demographics, clinical characteristics and laboratory data of
patients (patients with diabetes vs. patients without diabetes and
survivors vs. non-survivors) were compared. We used descrip-
tive statistics to describe the data. Shapiro-Wilk test was used
to check the normality of continuous variables. We presented
continuous data using mean and standard deviation (SD) for data
that followed normal distribution, and by median and interquartile
range (IQR) for skewed data. The mean difference between groups
(patients with diabetes vs. patients without diabetes and survivors
Vs. non-survivors) in a continuous variable was assessed using two
independent sample mean test (t-test) for the normally distributed
data and using non-parametric Mann-Whitney U test for the non-
normally distributed data. Categorical variables were described
using frequencies and percentages (%). Chi-square test (? test)
of independence was used to determine the association (differ-
ence) among categorical variables. Logistic regression analysis has
been done to identify the risk factors for in-hospital death and ICU
requirements. The candidate predictors for the final model were
selected based on their significance (at 10% level of significance;
p <0.1) in univariable analysis and by performing standard model-
building procedures (backward selection and least AIC value).
Initially, simple logistic regression models were fitted for each of
the potential predictors. The factors that were significantly asso-
ciated with in-hospital death or ICU requirement in the simple lo-
gistic regression models were included in the final multiple logistic
regression model. The variables that were highly correlated with
each other were excluded from the model due to multicollinearity.
To make sure that there was no multicollinearity in our multivari-
able models, we measured the correlations among various inde-
pendent variables before fitting the final models and excluded the
variables that were responsible for multicollinearity (correlation,
r>0.8) from the multivariate analysis. We have also removed the
variables having a variance inflation factor of greater than five
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(VIF>5) from the multivariable models to make sure that there
was no multicollinearity in the final models. Goodness of fit of the
model was tested using Hosmer-Lemeshow test. Model findings
were presented using odds ratio (OR) and 95% confidence interval
(Cl). A p value <0.05 was considered as statistically significant.
Analysis was performed using R software. This study is described
following the STrengthening the Reporting of OBservational stud-
ies in Epidemiology (STROBE) (von Elm et al., 2008) statements.

3 | RESULTS

Data of 500 patients were collected. The prevalence of diabetes was
64.4% (322) in the cohort. ICU support was needed for 24% of pa-
tients and 11% of the patient died during their hospital stay. The
distributions of patients by demographic and clinical characteristics
are presented in Table 1.

A significant difference (<0.001) is present between the mean
age of patients without diabetes (56.1 +15.8) and patients with dia-
betes (62.97 +11.6) group. Diabetes was found to be more prevalent
in male than female (61.2% vs. 38.8%). Hypertension (n = 355; 71%)
and IHD (n = 120; 24%) were the most frequent comorbidities in
hospitalized COVID-19 patients; followed by CKD (n = 98; 19.60%)
and COPD (n = 64; 12.80%). Patients with diabetes had significantly
higher prevalence of hypertension (81.7% vs. 51.7%; p<0.001), IHD
(29.8% vs. 13.5%; p<0.001) and CKD (23.6% vs. 12.4%; p = 0.004
respectively) than patients without diabetes while prevalence of
COPD s significantly higher (20.8% vs. 8.4%; p<0.001) in later
group. Regarding presenting symptoms, nine out of 10 patients had
fever (n = 451; 90.20%), around two-thirds of patients had cough
(n = 364; 72.80%) and respiratory distress (n = 340; 68%). Other
complaints at admission were fatigability (n = 264; 52.80%), diar-
rhoea (n = 82; 16.40%), loss of smell (n = 96; 19.20%) and sore throat
(n=62; 12.40%). Average length of hospital stay (days) was 8.5 +4.4.
Patients with diabetes had a slightly higher length of stay than pa-
tients without diabetes (8.6 +4.4 vs. 8.3 +4.4days). A higher death
rate was observed in patients with diabetes when compared to pa-
tients without diabetes (13% vs. 7.3%; p = 0.07). A higher percent-
age of patients with diabetes required ICU support (26.7% vs. 19.1%;
p = 0.072). Patients with diabetes required higher HFNC (12.4% vs.
9.6%), NIV (8.4% vs. 3.9%), and ventilator support (5.9 vs. 5.6).

Radiography and Laboratory findings in patients, overall and by
diabetes status are presented in Table 2.

Among the whole cohort, patients with diabetes had higher me-
dian neutrophil count (6.45 vs. 6.37), platelet count (230 vs. 214),
neutrophil-to-lymphocyte ratio (NLR) (4.57 vs. 4.25), D-dimer (650
vs. 518) and ferritin (352 vs. 345) in comparison to patients without
diabetes while median lymphocyte count (1.42 vs. 1.46) was lower
in patients with diabetes. RBS measured at admission was higher
(11.8 vs. 7.7; p<0.001) in patients with diabetes. The most common
abnormalities detected on HRCT were ground-glass opacification/
opacity (GGO) (60%), followed by combined GGO and consolida-
tion (25.2%), and then isolated Consolidation (14.8). Consolidation

was more frequent in patients without diabetes (39 vs. 35; p = 0.03)
while GGO was more frequently observed in diabetic (61.2% vs.
57.6%; p = 0.49). Every 9 patients out of every 10 patients had evi-
dence of bilateral lung involvement. Bilateral involvement was more
common (89.8 vs. 88.1) in patients with diabetes.

The distributions of patients with diabetes by survivor status are
presented in Table 3.

Among patients with diabetes, 15% suffered in-hospital death.
ICU support was required in 24.20% of patients. Male patients are
more in the non-survivor group (57.1% vs. 42.9%). About four-fifths
(81.5%) of patients were hypertensive, one-fourth (27.76%) had IHD,
and one-fifth (21.35%) had CKD. A significantly higher prevalence
of COPD was observed in non-survivors (19% vs. 6.7%; p = 0.019).
Though non-significant, the prevalence of CKD (33.3% vs. 19.2%),
IHD (40.5% vs. 25.5%) and CVD (7.1 vs. 4.6%) was also higher in non-
survivors while the prevalence of hypertension was more (82.4% vs.
76.2%) in survivors.

Fever was the presenting complaint in the majority of patients
(91.1%). Other highly reported symptoms were cough (72.2%), re-
spiratory distress (65.1%) and fatigability (58.7%). Less frequently
reported complaints were loss of smell (19.9%), diarrhoea (17.4%),
sore throat (10.7%), and anorexia (3.2%). As presenting symptoms,
non-survivor had higher prevalence of fever (95.2% vs. 90.4%), re-
spiratory distress (78.6% vs. 62.8%), fatigability (61.9% vs. 58.2%),
diarrhoea (21.4% vs. 16.7%) and anorexia (4.8% vs. 2.9%). Sore
throat as a presenting symptom was more frequent in non-survivors
(21.4% vs. 8.8%; p = 0.03). Admission SpO2 was significantly lower
in non-survivors (84 vs. 91.1; p<0.001). Non-survivor required a lon-
ger hospital stay (mean; 10.57 days vs. 8.43days; p = 0.03). A higher
proportion of patients in non-survivor group required ICU admission
(11.7% vs. 95.2%; p<0.001).

Radiography and laboratory findings in patients with diabetes
are presented in Table 4.

Both WBC count (median; 8.5 vs. 8.2; p = 0.003) and neutrophil
count (median; 8.61 vs. 6.21; p<0.001) were significantly higher in
non-survivor group. A significantly lower lymphocyte count (me-
dian; 1.06 vs. 1.46; p = <0.001) was seen in non-survivors while
a non-significant decrease in platelet count (median; 209 vs. 232;
p = 0.108) was also noted in non-survivor group. Compared to pa-
tients who survived, occurrence of lymphopenia (76.2% vs. 50.6%,;
p = 0.004), thrombocytopenia (21.4% vs. 8.8%; p = 0.03) and leuko-
cytosis (50% vs. 31%; p = 0.026) were more frequent in non-survivor
group. Level of D-dimer (964 vs. 618), serum ferritin (534 vs. 328)
and RBS (13 vs. 11.3) were higher in non-survivors. On HRCT, GGO
was the commonest findings (60%). There was a higher prevalence
of combined GGO and consolidation in non-survivors (35.7% vs.
25.5%).

Both univariate (Table 5) and multivariate (Table 6) analyses re-
vealed that diabetes increased the risk of death due to COVID-19.
Among the patients who died from COVID-19, 76.4% had diabetes,
and 23.6% did not have diabetes. Moreover, the patients with diabe-
tes were 2.3 (p = 0.02) times more likely to die from COVID than the
patients without diabetes.



ﬂ_wl LEy_NursingOpen

ASADUZZAMAN ET AL.

Variables Total diabetes (n =178) (n = 322)
Age 60.53+13.61 56.11+15.8 62.97+11.55
Sex
Female 174 (34.80%) 49 (27.5%) 125 (38.8%)
Male 326 (65.20%) 129 (72.5%) 197 (61.2%)

Comorbidities

Open Access,

Patients without

Patients with diabetes

Hypertension 355 (71.00%) 92 (51.7%) 263 (81.7%)
IHD 120 (24.00%) 24 (13.5%) 96 (29.8%)
CKD 98 (19.60%) 22 (12.4%) 76 (23.6%)
COPD 64 (12.80%) 37 (20.8%) 27 (8.4%)
CVvD 20 (4.00%) 6 (3.4%) 14 (4.3%)

Clinical characteristics
Fever 451 (90.20%) 165 (92.7%) 292 (90.7%)
Cough 364 (72.80%) 133 (74.7%) 231 (71.7%)
SOB 340 (68.00%) 125 (70.2%) 215 (66.8%)
Fatigability 264 (52.80%) 87 (48.9%) 177 (55%)
Diarrhoea 82 (16.40%) 26 (14.6%) 56 (17.4%)
Loss of smell 96 (19.20%) 33(18.5%) 63 (19.6%)
Sore throat 62 (12.40%) 26 (14.6%) 36 (11.2%)
Chest pain 10 (2.00%) 5(2.8%) 5(1.6%)
Anorexia 13 (2.60%) 4(2.2%) 9 (2.8%)
Vomiting 5(1.00%) 3(1.7%) 2(0.6%)
Headache 3(0.60%) 2(1.1%) 1(0.3%)
Length of stay 8.5+4.4 8.3+44 8.6 +4.4

(days)

Death 55 (11%) 13 (7.3%) 42 (13%)

ICU admission 120 (24%) 34 (19.1%) 86 (26.7%)
Admission 92(86-95) 92(88-95) 91(86-95)

SpO2

Type of respiratory support required
No oxygen 46 (9.2%) 14 (7.9%) 31 (9.6%)
Low flow 334 (66.8%) 129 (72.5%) 205 (63.7%)
HFNC 57 (11.4%) 17 (9.6%) 40 (12.4%)
NIV 34 (6.8%) 7 (3.9%) 27 (8.4%)
Ventilator 29 (5.8%) 10 (5.6%) 19 (5.9%)

TABLE 1 Demographics and clinical
characteristics of patients with COVID-19

val
e (n = 500)

<0.001

0.015
0.012

<0.001
<0.001
0.004
<0.001
0.768

0.547
0.541
0.488
0.225
0.497
0.873
0.331
0.531
0.94

0.499
0.601
0.431

0.07
0.072
0.14

0.62
0.066
0.468
0.147
1

Abbreviations: CKD, Chronic kidney disease; COPD, Chronic obstructive pulmonary disease; CVD,
Cerebrovascular disease; DM, Diabetes Mellitus; HFNC, high flow nasal cannula; IHD, Ischemic
heart disease; LOS, Length of stay; NIV, noninvasive ventilation; No O,, no oxygen required; SpO2,

peripheral capillary oxygen saturation.

Table 7 shows predictors of mortality and ICU requirement of

COVID-19 patients with diabetes, obtained from the logistic regres-

sion model analysis.

The simple logistic regression model has shown that age, CKD,

COPD, IHD, WBC count, neutrophil count, Lymphocyte count, NLR
and admission SpO2 were notably associated with in-hospital mor-
tality of COVID-19 patients (Table 5). The odds of death were higher
for patient with older age (OR = 1.04; 95% Cl| = 1.01-1.07), those
who had CKD (OR = 2.09; 95% Cl = 1.002-4.24), COPD (OR = 3.28;
95% Cl = 1.24-8.07), IHD (OR = 1.98; 95% Cl = 0.99-3.90), higher

total count of WBC (OR = 1.00; 95% Cl =1.00-1.00), higher neutro-
phil count (OR = 1.06; 95% Cl =1.02-1.10), higher NLR (OR = 2.12;
95% Cl =1.03-1.11) and lower admission SpO2 (OR = 0.92; 95%
Cl =0.88-0.95).

Adjusting for other factors, the multiple logistic regression
models (Table 7) demonstrated that age, neutrophil count, platelet
count and admission SpO2 were the significant predictors of death
of COVID-19 patients with diabetes (Table 7). While other adjusted
factors are constant, with 1year increase in age, the death risk of
in-hospital COVID-patient was increased by 4% (AOR = 1.04; 95%



ASADUZZAMAN ET AL.

TABLE 2 Radiography and laboratory results of patients with COVID-19 (n = 500), median (IQR)/number (%)

Patients without diabetes

Patients with diabetes

NursingO 5
ursingOpen _ —WILEYJ_

Normal

Variables range Total
TC WBC (x107/L) 4-10 8.5(6.01-12.55)
Neutrophil (x10%/L) 2-7 6.43 (4.22-9.89)
Lymphocyte (x10°/L) 0.8-4.5 1.43(0.97-2.01)
Platelet (x107/L) 150-350 220 (180-300)
NLR 4.41(2.58-7.72)
D-dimer (ng/L) 0-500 622 (314-1312)
S. Ferritin 20-300 349 (169-787)
RBS 4.4-7.2 9.6 (7.7-13.6)
HRCT findings

Consolidation 74 (14.8%)

GGO 300 (60%)

GGO +Consolidation 126 (25.2%)
HRCT involvement

Bilateral 446 (89.20)

Unilateral 54 (10.8%)

(n=178) (n =322) p Value
8.55(6-12.8) 8.5(6.3-12) 0.30
6.37 (3.92-10.33) 6.45 (4.33-9.52) 0.52
1.46 (1.08-2) 1.42(0.95-2.05) 0.19
214 (170-290) 230 (180-307) 0.46
4.25(2.51-7.08) 4.57 (2.64-7.81) 0.23
518 (271-1239) 650 (341-1342) 0.96
345 (181-913) 352 (164-717) 0.18
7.7 (6.3-8.9) 11.8 (8.9-15.1) <0.001
35 (19.8%) 39 (12.1%) 0.03
102 (57.6%) 197 (61.2%) 0.497
40 (22.6%) 86 (26.7%) 0.366
156 (88.1%) 289 (89.8%) 0.685
21 (11.9%) 33(10.2%) 0.685

Abbreviations: GGO, Ground-glass opacity; NLR, neutrophil-to-lymphocyte ratio; RBS, Random blood sugar; TC WBC, total count of white blood

cells.

Cl = 1.01-1.08). The risk of in-hospital mortality of COVID-19 pa-
tients increases with an increase in neutrophil count (AOR = 1.04;
95% Cl = 1.01-1.09), whereas the risk of in-hospital mortality
of COVID-19 patients decreased with increase in platelet count
(AOR = 1.00, 95% Cl = 1.00-1.00) and a higher initial SpO2
(AOR = 0.92; 95% CI = 0.89-0.96). Receiver operating character-
istic curve (ROC) analysis (Figure 1) revealed that the area under
the curve (AUC) of the multivariable model predicting mortality is
0.8192 which is considered excellent.

In the univariate analysis (Table 7), age, CKD, COPD, IHD, WBC
count, neutrophil count, lymphocyte count, NLR, D-dimer, S. ferritin
and admission SpO2 were found to be significant predictors of ICU
requirement.

In the multivariate model (Table 7), significant predictors of
ICU requirement were age (AOR = 1.03; 95% Cl = 1.005-1.07),
co-morbidity IHD (AOR = 2.32; 95% Cl| = 1.17-4.58), WBC count
(AOR = 1.00; 95% Cl = 1.00-1.00), D-dimer (AOR = 1.00; 95% Cl
=1.00-1.00) and admission SpO2 (AOR = 0.91; 95% Cl = 0.87-0.94).
ROC curve analysis (Figure 2) revealed that the AUC of the multivari-
able model predicting ICU requirement is 0.84 which is also consid-
ered as excellent.

The multivariable logistic regression model presented in
Table A1l in the Appendix shows that age, platelet count and SpO2 at
admission were significant predictors of mortality in COVID patients
without diabetes. All predictors of mortality in COVID-19 patients
without diabetes were also included in predictors of mortality in
COVID-19 patients with diabetes.

However, there was an additional predictor of death in COVID-19
patients with diabetes, which was the neutrophil count.

4 | DISCUSSION
4.1 | Statement of principal findings

Patients with diabetes were older than patients without diabetes.
Comorbidities were more frequent in patients with diabetes. Clinical
features did not differ significantly between these two groups. WBC
count, platelet count, NLR, D-dimer, ferritin and RBS were higher in
diabetic patients. The requirement of respiratory support by HFNC,
NIV and ventilator was higher in diabetic patients.

Among patients with diabetes, non-survivors were older than
survivor. Comorbidities like CKD, COPD, IHD and CVD were higher
in non-survivor patients. Leukocytosis, lymphocytopenia and throm-
bocytopenia were significantly higher in the non-survivors. When
compared with survivors, the non-survivor patients with diabetes had
significantly higher NIV and ventilator requirements. Multiple logistic
regression models revealed that higher age, leukocytosis, thrombocy-
topenia and lower SpO2 at admission were significant risk factors of
mortality in patients with diabetes. On the other hand, higher age, pres-
ence of IHD, higher WBC count, higher D-dimer level and lower admis-

sion SpO2 were identified as significant predictors for ICU admission.

4.2 | Interpretation in the context of the
wider literature

Initial studies on COVID-19 that compared risk in a defined popu-
lation with or without diabetes observed a higher risk of death in
those with diabetes (Barron et al., 2020; Bello-Chavolla et al., 2020).
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Variables
Age
Sex
Male
Female
Comorbidities
Hypertension
CKD
COPD
IHD
CvD

ASADUZZAMAN ET AL.

Total
(n =281)

62.58+11.65)

173 (61.57%)
108 (38.43%)

229 (81.49%)
60 (21.35%)
24 (8.54%)
78(27.76%)
14 (4.98%)

Clinical characteristics

Fever
Cough

Respiratory
distress

Fatiguability
Diarrhoea
Loss of smell
Sore throat
Chest pain
Anorexia
Vomiting
Headache

SpO2 at
admission

Length of Stay
(days)

ICU requirement

Type of respiratory support required

No oxygen
Low flow
HFNC
NIV

Ventilator

Abbreviations: CKD, Chronic kidney disease; COPD, Chronic obstructive pulmonary disease; CVD,

256 (91.1%)
203 (72.2%)
183 (65.1%)

165 (58.7%)
49 (17.4%)
56 (19.9%)
30 (10.7%)
4 (1.4%)

9 (3.2%)
2(0.7%)
1(0.4%)
92(86-95)

8.75+4.45

68 (24.2%)

46 (9.2%)
334 (66.8%)
57 (11.4%)
34 (6.8%)
16 (5.7%)

Survivor (n = 239,
85%)
61.7 +11.53)

149 (62.3%)
90 (37.7%)

197 (82.4%)
46 (19.2%)
16 (6.7%)
61 (25.5%)
11 (4.6%)

216 (90.4%)
174 (72.8%)
150 (62.8%)

139 (58.2%)
40 (16.7%)
49 (20.5%)
21 (8.8%)
4(1.7%)

7 (2.9%)
2(0.8%)
1(0.4%)
91.1(7.9)

8.43+4.07

28 (11.7%)

30 (12.6%)
181 (75.7%)
25 (10.5%)
2(0.8%)
1(0.4%)

Non-survivor (n = 42,

TABLE 3 Demographics and clinical
characteristics of patients with diabetes,

15%) pValue overall and by survivor status
67.5+11.18 0.003
0.641
24 (57.1%) 0.678
18 (42.9%) 0.641
32 (76.2%) 0.457
14 (33.3%) 0.064
8 (19%) 0.019
17 (40.5%) 0.07
3(7.1%) 0.754
40 (95.2%) 0.467
29 (69%) 0.753
33 (78.6%) 0.071
26 (61.9%) 0.776
9 (21.4%) 0.604
7 (16.7%) 0.716
9 (21.4%) 0.03
0 (0%) 0.89
2 (4.8%) 0.883
0 (0%) 1
0 (0%) 1
84(70-93) <0.001
10.57+£5.93 0.03
40 (95.2% <0.001
0 (0%) 0.031
2 (4.8%) <0.001
5(11.9%) 0.993
20 (47.6%) <0.001
15 (35.7%) <0.001

Cerebrovascular disease; DM, Diabetes Mellitus; HFNC, high flow nasal cannula; IHD, Ischemic
heart disease; NIV, noninvasive ventilation; No O,, no oxygen required; SpO2, peripheral capillary

oxygen saturation.

Consistent with this, this study also found a higher death rate (13%)
in patients with diabetes than patients without diabetes (7.3%). It
has also been found that patients with diabetes had longer hospital
stays than patients without diabetes which is consistent with the re-
sults reported by Al-Salameh et al. (2021) but contrasts with another
study done by Ciardullo et al. (2021).

Various possible mechanisms have been put forward to ex-
plain the underlying process responsible for high mortality from
COVID-19 in patients with diabetes. Pluripotent stem cells-derived
pancreatic beta-cells appear to be permissive for SARS-CoV-2

infection (Yang, Han, et al., 2020; Yang, Yu, et al., 2020; Yang, Zhong,
et al., 2020). Analysis of pancreatic autopsies from patients infected
with COVID-19 showed that beta-cells were infiltrated by SARS-
CoV-2 in all patients (Steenblock et al., 2021). During infection with
COVID-19, ACE2 expression decreases, and this leads to the exag-
gerated activity of Ang Il with subsequent development of insulin
resistance. And it is insulin resistance which is the main factor that
triggers the activation of the inflammatory response that forestall
cytokine storm (Govender et al., 2021). SARS-CoV-2 infection leads
to a surge of different inflammatory mediators in the blood. Change
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TABLE 4 Radiography and laboratory findings on admission in patients with diabetes, overall and by survivor status, Median (IQR)/

number (%).

Variables Normal range Total (n = 281)
TC WBC (x107/L) 4-10 8.5(6.3-11.6)
>10 16 (3.2%)
4-10 303 (60.6%)
<4 181 (36.2%)
Neutrophil (x10%/L) 2-7 6.43 (4.33-9.50)
Lymphocyte (x107/L) 0.8-4.5 1.42(0.95-2.07)
<0.8 3(16.6%)
0.8-4.5 263 (52.6%)
>4.5 154 (30.8%)
Platelet (x107/L) 150-350 230 (180-310)
<150 8 (11.6%)
150-350 361 (72.2%)
>350 81 (16.2%)
NLR 4.38 (2.68-7.81)
D-dimer (ng/L) 0-500 634 (344-1230)
S. Ferritin 20-300 346 (154-687)
RBS 4.4-7.2 11.9 (9.1-15.2)
HRCT findings
Consolidation 74 (14.8%)
GGO 300 (60%)

GGO + Consolidation 126 (25.2%)
HRCT involvement
Bilateral 241 (48.2%)

Unilateral 41 (8.2%)

Survivor (n = 239) Non-survivor (n = 42) p Value
8.2(6.2-11.1) 5(6.3-12) 0.003
74 (31%) 1(50%) 0.026
159 (66.5%) 1(50%) 0.06
7 (2.9%) 0 (0%) 0.558
6.21 (4.22-9.25) 8.61(5.16-13.43) <0.001
1.46 (1-2.09) 1.06 (0.72-1.88) <0.001
121 (50.6%) 32 (76.2%) 0.004
115 (48.1%) 10 (23.8%) 0.006
3(1.3%) 0 (0%) 1
232 (186-310) 209 (150-254) 0.108
21 (8.8%) 9 (21.4%) 0.03
177 (74.1%) 26 (61.9%) 0.151
41 (17.2%) 7 (16.7%) 1
4 (2.51-7.45) 7.08 (4.38-13.71) <0.001
618 (334-1220) 964 (490-1354) 0.413
328 (145-616) 534 (181-981) 0.07
11.3(8.9-15.2) 13(11.1-15) 0.069
25 (10.5%) 4(9.5%) 1
153 (64%) 23 (54.8%) 0.332
61 (25.5%) 15 (35.7%) 0.237
217 (90.8%) 37 (88.1%) 0.792
22 (9.2%) 5(11.9%) 0.792

Abbreviations: GGO, Ground-glass opacity; NLR, neutrophil-to-lymphocyte ratio; RBS, Random blood sugar; TC WBC, total count of white blood

cells.

TABLE 5 Univariate analysis of the risk of death for COVID-19
patients with diabetes

Number of
Patient type death (%) Chi-square p-Value
COVID-19 patient with 42 (76.36%) 4.44 0.034

diabetes

COVID-19 patient
without diabetes

13 (23.64%)

in the activity of natural killer cells and IFN-y production increase
the vascular permeability for inflammatory mediators. In addition,
the virus itself triggers increased production of reactive oxygen spe-
cies. These pathologic processes lead to progressive lung damage
resulting in acute respiratory distress syndrome (ARDS). The above-
mentioned mechanisms are exaggerated in patients with diabetes
(Lim et al., 2021).

Older people had increased risk of death in past respiratory viral
pandemics like severe acute respiratory syndrome (SARS) and the
Middle East respiratory syndrome (MERS) (Choi et al., 2003; Hong
et al., 2018). In compliance with this, older age is also demonstrated

TABLE 6 Multivariate analysis of the risk of death for COVID-19
patients with diabetes

Risk of death
Characteristics OR p-Value
COVID-19 patient with diabetes
No - 0.015
Yes 2.34

Note: The adjusted multivariable logistic regression model for
estimating the risk of death for COVID patient with diabetes (the model
is adjusted for sex and comorbidities).

to be a significant risk factor of higher mortality and increased
need of care in COVID-19 patients (Geriatric Medicine Research
Collaborative et al., 2021). Our study also agrees with this obser-
vation as it found a higher mean age of non-survivors and it is asso-
ciated with high in-hospital mortality and ICU requirement. Several
possible causes may be responsible for the high mortality rate of
elderly patient. The correlations between expression of ACE2 and
immune signatures differ between young and elderly persons in the
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TABLE 7 Predicting factors for poor outcome of the patients with COVID-19 and diabetes: Logistic regression analysis

Need to ICU

Variable Crude OR (95% ClI)

Demographic and clinical characteristics

Adjusted® OR (95% Cl)

1.03 (1.005-1.07)*

Age 1.05(1.02-1.07)*

(p =0.00) (0p=0.03)
Sex 0.85(0.49-1.49)

(p=0.48)

Co-morbidities

Hypertension 0.94 (0.48-1.96)

(b =0.93) (p=0.34)

CKD 1.94 (1.05-3.61)* 2.09 (1.002-4.24)*
(p =0.04) (p =0.04)

COPD 3.58 (1.51-8.50)* 3.28 (1.24-8.07)*
(p =0.004) (p=0.01)

IHD 3.22(1.81-5.74)* 2.32 (1.17-4.58)* 1.98(0.99-3.90)
(p=0.00) (p=0.02) (0 =0.05)

CVD 0.50(0.11-2.32) 1.59 (0.34-5.38)
(p=0.37) (0 =0.49)

Lab reports

Haematological and Biochemistry parameters

Mortality

Crude OR (95% CI)

1.04 (1.01-1.07)*
(p=0.003)

0.80(0.41-1.58)
(p=0.52)

0.68 (0.32-1.55)

Adjusted® OR (95% Cl)

1.04 (1.01-1.08)*
(0 =0.02)

WBC 1.00 (1.00-1.00)* 1.00 (1.00-1.00)* 1.00 (1.00-1.00)*
(p = 0.00) (p =0.02) (p = 0.004)
Neutrophil 1.07 (1.04-1.11)* 1.06 (1.02-1.10)* 1.04 (1.01-1.09)*
(p = 0.00) (p = 0.001) (p =0.03)
Lymphocyte 0.92 (0.89-0.96) 0.94 (0.90-0.97)*
(p = 0.00) (p = 0.001)
Platelet 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)*
(p=0.39) (p=0.11) (p =0.03)
NLR 1.12 (1.07-1.17)* 1.07 (1.03-1.11)*
(p = 0.00) (p =0.001)
D-dimer 1.00 (1.00-1.00)* 1.00 (1.00-1.00)* 1.00 (1.00-1.00)
(p = 0.001) (p = 0.04) (p=0.42)
Ferritin 1.00 (1.00-1.00)* 1.00 (1.00-1.00)
(p=0.02) (p=0.08)
RBS 1.02 (0.99-1.06) 1.02 (0.98-1.06)
(p=0.24) (p=0.33)
Admission 0.89 (0.86-0.93)* 0.91(0.87-0.94)* 0.92 (0.88-0.95)* 0.92 (0.89-0.96)*
Sp02 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)

SVariables that were significant at 10% level of significance (p = 0.1) in the univariable models were included in the multivariable model.

‘Effect variables (significant at 5% level of significance).

lungs, indicating that the variation in immune responses against the
virus might be responsible for development of different patterns of
disease severity across different age groups (Li, Deng et al., 2020;
Li, Li, et al., 2020). Moreover, numerous age-related changes in the
immune system of older adults, collectively known as immunosenes-
cence, contribute to increased risk of getting infection and altered
immune response to SARS-CoV-2 in elderly people (Nikolich-Zugich
et al., 2020).

Observational studies that looked at epidemiologic charac-
teristics of patients with and without diabetes reported a higher
prevalence of comorbidities in patients with diabetes (Diedisheim

etal., 2021; Luo et al., 2021; Moftakhar et al., 2021). Consistent with
these studies, our study also observed a significantly higher preva-
lence of comorbidities in patients with diabetes, and non-survivors
had higher burden of co-morbidities than those who survived.

The presenting clinical features did not differ significantly be-
tween patients with and without diabetes which well agrees with
another study (Li, Deng et al., 2020; Li, Li, et al., 2020). Consistent
with previous studies (Gaba et al., 2022; Kaminska et al., 2021), our
study also observed a higher requirement of advanced respiratory
support (HFNC, NIV and ventilator support) in patients with dia-
betes. Our study also found higher requirements of ICU in patients



ASADUZZAMAN ET AL.

1.0

0.6

Sensitivity

0.4

I I I
0.0 0.2 0.4 0.6 0.8 1.0

1 — Specificity

FIGURE 1 ROC curve for multivariable model predicting
mortality. Area under the curve (AUC): 0.8192.
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FIGURE 2 ROC curve for multivariable model predicting ICU
requirement. Area under the curve (AUC): 0.8473.

with diabetes and non-survivor patients with diabetes had a signifi-
cantly longer hospital stay, higher ICU requirement and higher need
for advanced respiratory support.

Patients with diabetes had an increased level of neutrophil, NLR
and platelet count and a lower lymphocyte count when compared
with patients without diabetes which is consistent with previous stud-
ies (Corona et al., 2021; Tabrizi et al., 2021). In this study, leukocytosis,
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neutrophilia, lymphopenia and thrombocytopenia were more fre-
quently seen in non-survivor patients with diabetes. Several studies
(Abd El-Lateef et al., 2022; Loomba et al., 2022; Malik et al., 2021; Niu
et al., 2022; Yang, Gao, et al., 2022; Yang, Huang, & Lui, 2022) found
lymphopenia and thrombocytopenia as independent predictors of
poor outcome which is also consistent with our study.

D-dimer, a fibrin degradation product and elevated level of it,
is indicative of hypercoagulable state and secondary hyperfibri-
nolysis in the body. A hypercoagulable state has been described
in COVID-19 patients and evidence found 71.4% of non-survivors
fulfilled the diagnostic criteria of disseminated intravascular coagu-
lation during hospitalization (Tang et al., 2020). Moreover, diabetes
itself leads to endothelial damage. Emerging evidence demonstrated
endothelial dysfunction in COVID-19, which makes a potential con-
tribution to COVID-19-related coagulopathy by increasing expres-
sion of procoagulants and decreased expression of anticoagulants
thrombomodulin and endothelial protein C receptor (Ma et al., 2022;
Won et al., 2022). Compared to patients without diabetes, patients
with diabetes had markedly increased level of markers of disturbance
of coagulation system such as fibrinogen and d-dimer and higher in-
flammatory markers, and these findings may explain the increased
vulnerability of patients with diabetes to coagulation abnormalities
and inflammatory storm (Varikasuvu et al., 2021). Even patients with
diabetes without other comorbidities were also at higher risk of get-
ting severe pneumonia, excessive inflammatory responses and hy-
percoagulable condition (Guo et al., 2020). Several systemic reviews
and meta-analyses (He et al., 2021; Zhao et al., 2021) demonstrated
that d-dimer is a marker of disease progression and increased mor-
tality. Our study also saw a higher d-dimer level in patients with dia-
betes, more in non-survivors, and found d-dimer as an independent
predictor of subsequent ICU requirements.

Serum ferritin level is raised in infectious and inflammatory
diseases (Kernan & Carcillo, 2017). Among the inflammatory bio-
markers, serum ferritin has the ability to define the disease course
of COVID-19 and predict the need for ICU admission and mortality
(Kaushal et al., 2022; Shakaroun et al., 2022). Though our study ob-
served a higher ferritin level in non-survivor patients, it did not prove
it as a significant risk factor of ICU admission or mortality when ad-
justed for other factors. This observation has similarity with other
studies (Aljohani et al., 2022; Carubbi et al., 2021) but contrast with
other study where higher ferritin is said to be a risk factors of severe
disease and mortality (Ahmed et al., 2021).

Hyperglycemia has been shown to be a risk factor of mortality in
hospitalized patients with COVID-19, independent of their previous
diabetes status (Lazarus et al., 2021; Vargas-Vazquez et al., 2021).
This present study also found elevated level of blood glucose in non-

survivor patients.

4.3 | Strengths and limitations

The main strength of this study is that it is a multicentre study,
conducted in four COVID-19 dedicated tertiary level hospitals, the
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largest of its kind in a region (one division out of 8 administrative
divisions) of Bangladesh.

As the nature of the present study is retrospective, that is why
it has several limitations. First, we did not have data on pre-hospital
glycemic records. Therefore, the effect of pre-hospital blood glu-
cose had been ignored. Second, this study included only those
patients who needed hospitalization. So, our findings may not be
extrapolated to all COVID-19 patients. Third, we did not consider
the effects of drugs prescribed to treat COVID-19 that may affect
the outcome. Fourth, we did not take into account the effect of
anti-diabetic drugs, but these drugs have the potential to change the
overall disease course. Fifth, data regarding duration of Diabetes,
HbA1C, complications of DM, BMI were missing. So, their effect on

the outcome may be overlooked here.

4.4 | Implications for policy, practice and
future research

This study investigated the predictors of poor prognosis of COVID-19
patients with diabetes. Considering the rapid spread of infection and
it is associated burden being placed on the healthcare system, these
findings will help in prognostication and triage decisions to curtail
this present crisis. Further well-designed studies with larger sam-
ples on different races in different geographic regions are needed to

gather evidence on this.

5 | CONCLUSION

In summary, it has been found that in patients with diabetes, sig-
nificant predictors of ICU requirement are older age, presence of
co-morbidity IHD, higher WBC count, higher D-dimer level, lower ad-
mission SpO2. Age, neutrophil count and admission SpO2 are the sig-
nificant predictors/risk factors of in-hospital mortality of COVID-19
patients with diabetes. The results of this study clearly emphasize the
need for special care for COVID-19 patients with diabetes.
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