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ABSTRACT

Some debates exist regarding the association of diabetes mellitus (DM) with COVID-19 infection severity and
mortality. In this study, we aimed to describe and compare the clinical characteristics and outcomes of hospitalized
COVID-19 patients with and without DM. In this single-centered, retrospective, observational study, we enrolled
adult patients with COVID-19 who were admitted to the Shariati hospital, Tehran, Iran, from February 25, 2020,
to April 21, 2020. The clinical and paraclinical information as well as the clinical outcomes of patients were col-
lected from inpatient medical records. A total of 353 cases were included (mean age, 61.67 years; 57.51 % male),
of whom 111 patients were diabetics (mean age, 63.66 years; 55.86 % male). In comparison to those without DM,
diabetic patients with COVID-19 were more likely to have other comorbidities, elevated systolic blood pressure
(SBP), elevated blood sugar (BS), lower estimated glomerular filtration rate (¢GFR) and elevated blood urea ni-
trogen (BUN). The association of DM with severe outcomes of COVID-19 infection (i.e. mechanical ventilation,
median length of hospital stay and mortality) remained non-significant before and after adjustments for several
factors including age, sex, body mass index (BMI), smoking status, and comorbidities. Based on our results DM
has not been associated with worse outcomes in hospitalized patients for COVID-19 infection.
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INTRODUCTION

Since December 2019, the new corona-
virus named coronavirus disease 2019
(COVID-19) caused a public health emer-
gency worldwide. With the outbreak of this
virus in the world, the clinicians are increas-
ingly confronted with problems and dilemmas
associated with the possible effect of preexist-
ing conditions such as hypertension, cardio-
vascular disease, cancer and diabetes mellitus
(DM) on the course and outcome of COVID-
19 infection (Zhu et al., 2020).

DM is a chronic disease with serious com-
plications, affecting more than 463 million
people around the world (Huang et al., 2020).
Whether DM is associated with severe and fe-
tal COVID-19 infection remains controver-
sial and population-based studies most from
China have reported diverse findings; some
show an increased mortality (Cao et al., 2020)
and severe COVID-19 infection among dia-
betic individuals (Wan et al., 2020; Zhang et
al., 2020b), whereas others find no associa-
tion (Ruan et al., 2020; Wang et al., 2020a).

The better understanding of factors re-
lated to the worse outcome in COVID-19 pa-
tients make clinicians able to select the vul-
nerable patients better and consequently im-
prove medical care. Therefore, in the pre-
sent study, we aimed to evaluate the clinical
characteristics of hospitalized COVID-19 pa-
tients with and without DM and to investigate
the association between DM and clinical out-
comes among hospitalized COVID-19 pa-
tients.

METHODS

Study design and participants

This single center, retrospective, observa-
tional study was performed at the Shariati
hospital, Tehran, Iran. We retrospectively an-
alyzed the data of adult patients (> 18 years
old) with COVID-19 who were admitted to
the hospital from February 25, 2020 (i.e.
when the first patient was admitted), to April
21, 2020. Patients with possible COVID-19
infection were admitted to the hospital with

the following criteria: 1) loss of conscious-
ness, 2) respiratory rate > 24, 3) pulse rate >
90, 4) systolic blood pressure (SBP) < 90
mmHg, or 5) O saturation < 93 %. Chest
computed tomography (CT) scan was per-
formed for those patients with fever or respir-
atory symptoms.

The diagnosis of COVID-19 was made
based on the following criteria (Cariou et al.,
2020): 1) positive COVID-19 quantitative
real-time reverse transcriptase-polymerase-
chain-reaction (RT-PCR) test on samples
from the nasopharynx or oropharynx or 2)
clinical symptoms and chest CT findings
(confirmed by two independent radiologist)
indicative of COVID-19 infection.

The study was approved by the ethics
committee of Tehran University of Medical
Sciences (code:
IR.TUMS.VCR.REC.1399.002) and the re-
quirement for written informed consent was
waived by the ethics committee for this retro-
spective study.

Data collection

The clinical, laboratory and radiologic
data during hospital admission were reviewed
and the following data were extracted from
patients’ medical records: 1) demographic
data, 2) symptoms and signs at the time of
hospital admission (i.e. fever, cough, dysp-
nea, sore throat, diarrhea, nausea/vomiting,
anorexia, headache, weakness, myalgia, co-
ryza, chills, chest pain, level of conscious-
ness, blood pressure, pulse rate, respiratory
rate and O; saturation), 3) self-reported preex-
isting medical conditions (i.e. DM, hyperten-
sion, malignancy, kidney disease, ischemic
heart disease [IHD], and cerebrovascular ac-
cident [CVA]), 4) laboratory test results
within 24 hours of hospital admission (i.e.
random blood sugar [BS], complete blood
count with differential, coagulation profile,
blood gas analysis, liver and renal function
tests, electrolytes, and high-sensitivity C-re-
active protein [hs-CRP], 5) chest CT images,
and 6) clinical outcomes (i.e. length of hospi-
tal stay, mechanical ventilation, intensive care
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unit [ICU] admission, and death). All data
were checked by two independent physicians.

Definitions

DM was defined according to the self-re-
ported history of DM or the use of antidiabetic
medications (oral hypoglycemic agents or in-
sulin). Those who had been smoking at least
one cigarette per day at the time of evaluation
were considered as current smoker. Immuno-
deficiency was defined based on the medical
history of organ transplantation or using im-
munosuppressive drugs such as corticoster-
oids, methotrexate, azathioprine, cyclospor-
ine, mycophenolate mofetil, tacrolimus, or si-
rolimus. Fever was defined by the oral tem-
perature of 37.8 °C or higher. Shock was de-
fined based on mean arterial blood pressure of
less than 65 mmHg or SBP less than 90
mmHg (Brindley et al., 2006). Both invasive
and non-invasive mechanical ventilation were
considered as mechanical ventilation treat-
ment.

To calculate the CT severity score, each
lung was divided into three zones, (1) upper
zone (above the carina), (2) middle zone
(from the carina to the inferior pulmonary
vein) and (3) lower zone (below the inferior
pulmonary vein). Then based on the severity
of parenchymal involvement, the following
scores were assigned for each zone: 0, no in-
volvement; 1, 1-25 % involved; 2, 26-50 %
involved; 3, 51-75 % involved; 4, 76-100 %
involved. Finally, overall chest CT severity
score was estimated by summing the scores
from all six zones (range of possible score, 0-
24).

Statistical analyses

Continuous variables were presented as
mean (standard deviation, SD) or median (in-
terquartile range, IQR). Categorical variables
were presented as number (%). Parametric
and non-parametric tests including the inde-
pendent t test, Mann-Whitney U test, ¥* test,
or Fisher’s exact test were used to compare
differences between variables where appro-
priate.

To examine whether DM is the risk factor
for worse outcomes, multivariable logistic re-
gression models were used. Adjusting covari-
ates were selected based on the parameters as-
sociated with severe outcomes suggested by
previous studies, including age, sex, body
mass index (BMI), smoking status, and
comorbidities (e.g. hypertension, IHD, CVA,
malignancy, chronic kidney disease (CKD)/
dialysis, and immunodeficiency) (Zheng et
al., 2020). All tests were two-sided, and a P
value less than 0.05 was defined as statisti-
cally significant. The Stata 11 software
(StataCorp, Texas, USA) was used for statis-
tical analyses.

RESULTS

The data of 353 patients (203 men and 150
women) hospitalized for COVID-19 infection
were included (mean age, 61.67 years [range,
18-97 years]). The COVID-19 RT-PCR test
was done for all patients and chest CT scan
was performed in 239 patients. Of these 353
patients, the diagnosis of COVID-19 was
based on positive RT-PCR in 164 patients and
the remaining patients were diagnosed based
on the clinical symptoms and chest CT scan
indicative of COVID-19 infection.

Based on past medical history, 111
(31.44 %) patients had DM and among them
COVID-19 infection was diagnosed accord-
ing to positive RT-PCR test in 52 cases. Other
comorbidities including hypertension, IHD,
CVA, malignancy, CKD/dialysis, and immu-
nodeficiency were identified in 220 (62.32 %)
cases. In addition to DM, hypertension
(36.54 %) and IHD (25.78 %) are the most
common comorbidities in hospitalized
COVID-19 patients (Table 1). In comparison
to non-diabetic patients, those with DM had a
higher = proportion of  comorbidities
(P<0.001), including IHD (P=0.006), hyper-
tension (P<0.001), CKD/dialysis (P=0.002)
and malignancy (P=0.035) (Table 1).

The most common symptoms at the time
of admission were dyspnea (56.09 %), fever
(50.42 %), cough (50.14 %), and weakness
(41.08 %). With the exception of higher SBP
among diabetic patients (P=0.017), neither of
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Table 1: Clinical characteristics and outcome of hospitalized COVID-19 patients based on the presence

of diabetes

Male, n (%) 203 (57.51) 62 (55.86) 141 (58.26) 0.671

Age (y), mean (SD) 61.67 (16.38) 63.66 (13.32) | 60.76 (17.56) | 0.123

BMI (kg/m?), mean (SD) 27.52 (5.21) 28.22 (5.63) 27.18 (4.98) 0.127

Current smoker, n (%) 25 (7.08) 11 (9.91) 14 (5.79) 0.161

Comorbidities, n (%) 220 (62.32) 84 (75.68) 136 (56.20) <0.001
Hypertension, n (%) 129 (36.54) 64 (57.66) 65 (26.86) <0.001
IHD, n (%) 91 (25.78) 39 (35.14) 52 (21.49) 0.006
CVA, n (%) 8 (2.27) 3(2.70) 5(2.07) 0.710
Malignancy, n (%) 45 (12.75) 8 (7.21) 37 (15.29) 0.035
CKD/Dialysis, n (%) 14 (3.97) 10 (9.01) 4 (1.65) 0.002
almmunodeficiency, n (%) 35 (9.92) 7 (6.31) 28 (11.57) 0.124

bSymptoms and signs
cFever, n (%) 178 (50.42) 55 (49.55) 123 (50.83) 0.824
Cough, n (%) 177 (50.14) 51 (45.95) 126 (52.07) 0.286
Dyspnea, n (%) 198 (56.09) 55 (49.55) 143 (59.09) 0.094
Sore throat, n (%) 16 (4.53) 8 (7.21) 8 (3.31) 0.165
Diarrhea, n (%) 18 (5.10) 6 (5.41) 12 (4.96) 0.801
Nausea/Vomiting, n (%) 44 (12.46) 16 (14.41) 28 (11.57) 0.453
Anorexia, n (%) 39 (11.05) 17 (15.32) 22 (9.09) 0.083
Headache, n (%) 15 (4.25) 6 (5.41) 9 (3.72) 0.570
Weakness, n (%) 145 (41.08) 45 (40.54) 100 (41.32) 0.890
Myalgia, n (%) 65 (18.41) 21 (18.92) 44 (18.18) 0.868
Coryza, n (%) 8 (2.27) 2 (1.80) 6 (2.48) 0.999
Chills, n (%) 23 (6.52) 10 (9.01) 13 (5.37) 0.199
Chest pain, n (%) 26 (7.37) 7 (6.31) 19 (7.85) 0.606
dShock, n (%) 10 (2.87) 2 (1.80) 8 (3.38) 0.512
Unconsciousness, n (%) 31(8.78) 13 (11.71) 18 (7.44) 0.188
SBP (mmHg), median (IQR) 130 (115.50-142) | 133 (120- 150) | 127 (115- 140) | 0.017
DBP (mmHg), median (IQR) | 80 (70-90) 80 (70-90) 80 (70-88) 0.366
Pulse rate, median (IQR) 92 (84-104) 93 (85-103) 90 (83.50-104) | 0.631
Respiratory rate, median 20 (17-22) 20 (17-22) 19 (17-22) 0.456
(IQR)
O2 saturation (%), median 92 (87-94) 92 (87-95) 92 (87-94) 0.709
(IQR)

b.eCT severity score, median 8 (5-12) 9 (5-14) 8 (5-12) 0.786

(IQR)

ICU admission, n (%) 122 (34.56) 38 (34.23) 84 (34.70) 0.930

fMechanical ventilation treat- 111 (31.44) 35 (31.53) 76 (31.40) 0.981

ment, n (%)

Length of hospital stay (day), 4 (2-9) 5 (3-8) 4 (1-9) 0.195

median (IQR)

Mortality, n (%) 91 (25.78) 28 (25.23) 63 (26.03) 0.872

a0rgan transplantation or using immunosuppressive drugs such as corticosteroids, methotrexate, az-
athioprine, cyclosporine, mycophenolate mofetil, tacrolimus, or sirolimus; At the time of hospital ad-
mission; °Oral temperature = 37.8°C; dMean arterial blood pressure < 65 mmHg or SBP < 90 mmHg;
eCT was performed in 239 patients; fIncluding non-invasive and invasive mechanical ventilation

BMI: body mass index, CKD: chronic kidney disease, CT: computed tomography, CVA: Cerebrovas-
cular accident, DBP: diastolic blood pressure, ICU: intensive care unit, IHD: ischemic heart disease,
IQR: interquartile range, SBP: systolic blood pressure, SD: standard deviation
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symptoms nor signs were significantly differ-
ent between patients with DM than those
without (Table 1).

Apparently, diabetic patients had higher
levels of random BS (median 227.5 mg/dL in
diabetics vs. 109 mg/dL in non-diabetics). In
addition, renal function indices including es-
timated glomerular filtration rate (¢GFR) and
blood urea nitrogen (BUN) were significantly
different in diabetic patients in comparison to
those without DM; higher BUN (P=0.015)
and lower eGFR (P=0.018) in diabetic pa-
tients (Table 2).

In the course of hospital admission, 122
(34.56 %) patients receive ICU care and 111
(31.44 %) patients required mechanical venti-
lation. The median length of hospital stay was
4 days (IQR 2-9). Neither of outcomes includ-
ing ICU admission, mechanical ventilation,
median length of hospital stay and mortality
was significantly different between patients
with DM and those without (Table 1). The re-
lationship between DM and clinical outcomes
(mechanical ventilation, median length of
hospital stay and mortality) remained non-
significant after adjustments for several fac-
tors including age, sex, BMI, smoking status,
and comorbidities (Table 3).

In patients with DM, mortality rates were
higher among males (P=0.005). To compare
clinical characteristics of survivors and non-
survivors with DM, non-survivors were older
(mean (SD), 68.93 (13.07) vs. 61.88 (13.01);
P=0.005) and were more likely to have
comorbidities  (92.86 % vs.  69.88 %;
P=0.014) especially = immunodeficiency
(21.43 % vs. 1.2 %; P=0.001). In addition,
non-survivors were more frequently uncon-
scious (35.71 % vs. 3.61 %; P<0.001) and
had a lower SBP (median, 129 vs. 136 mmHg;
P=0.031) than survivors at the time of hospi-
tal admission. Among the 111 patients who
were diabetics, 38 (34.23 %) patients were
treated in the ICU and 35 (31.53 %) patients
received mechanical ventilation. Compared
with survivors, non-survivors were more
likely to admit to the ICU (100 % wvs.
12.05 %; P<0.001), and received mechanical

ventilation (100 % vs. 8.43 %; P<0.001) (Ta-
ble 4). As shown in Table 5, several labora-
tory tests were significantly different between
diabetic survivors and non-survivors. The
neutrophil/lymphocyte ratio (P=0.022), creat-
inine (P=0.002), and BUN (P=0.004) were
significantly higher in diabetic non-survivors.
Furthermore, platelet count (P=0.014), pCO>
(P=0.039), bicarbonate (P=0.039) and eGFR
(P=0.004) were significantly lower in dia-
betic non-survivors (Table 5).

DISCUSSION

In this report, we describe the baseline
clinical features, laboratory parameters and
the main outcomes of 353 patients with or
without DM, who were hospitalized with the
diagnosis of COVID-19 in Shariati hospital.
Our study indicated that DM is not associated
with the main adverse clinical outcomes, in-
cluding higher length of hospital stay, need to
mechanical ventilation and mortality in hos-
pitalized COVID-19 patients before and after
adjustments for several factors.

COVID-19 is a novel disease and our
knowledge about the possible risk factors re-
lated to disease severity and death are limited.
Several studies evaluated the association be-
tween DM and COVID-19 severity and mor-
tality with inconsistent results (Cao et al.,
2020; Du et al., 2020; Huang et al., 2020;
Zhang et al., 2020a). Some of the studies in-
dicated that DM was associated with signifi-
cant increase in composite adverse clinical
outcomes and death in COVID-19 patients.
For example, in a study conducted by Zhou et
al. 31 % of those dying with COVID-19 in-
fection were diabetic (P=0.0051) (Zhou et al.,
2020). In another study, Cao et al. showed a
higher prevalence of DM in COVID-19 pa-
tients who died (5.9 % in survivors vs. 35.3 %
in non-survivors; P=<0.001) (Cao et al.,
2020). Yan et al. also indicated higher mortal-
ity rate among hospitalized COVID-19 pa-
tients with DM (Yan et al., 2020). Further-
more, in a recent published meta-analysis in-
cluding 6452 COVID-19 patients from 30 ob-
servational retrospective studies, the underly-
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Table 2: Laboratory results among hospitalized COVID-19 patients with or without diabetes

Random BS (mg/dL), median 125 227.50 109 <0.001
(IQR) (100-220) (140-280) (92-125)
Complete blood count
WBC count (cells/uL), 6650 6555 6670 0.776
median (IQR) (4540-10400) (4895-9440) (4440-10700)
Neutrophil count (cells/uL), 5040 4922.50 5091.20 0.906
median (IQR) (3243-7837.20) | (3393-7560) (3081-8556)
Lymphocyte count (cells/uL), | 1062.60 1056.60 1066 0.731
median (IQR) (711-1522.10) | (693-1467) (732-1584)
Neutrophil/lymphocyte ratio, 4.81 5.03 4.71 0.638
median (IQR) (2.92-8.40) (3.13-8.30) (2.88-8.44)
Hemoglobin (g/dL), median 12.70 12.45 13 0.110
(IQR) (11-14.30) (10.95-14.05) (11-14.50)
Platelet count (cells/pL), 189000 195500 188000 0.175
median (IQR) (135000- (140500- (130000-
255500) 270500) 249500)
Coagulation profile
PTT (sec), median (IQR) 25 (22-29) 24.50 (22-28) 25 (22.2-29.10) | 0.255
INR, median (IQR) 1.25 1.23 1.27 0.142
(1.11-1.43) (1.10-1.39) (1.14-1.46)
Blood gas analysis
pCO2 (mmHg), median (IQR) | 39 (33-46) 39 (33-46) 39 (33-46) 0.934
Bicarbonate (mEg/L), median | 24.05 24.10 24 0.882
(IQR) (21-27.20) (21-27.76) (21-27.10)
pH, median (IQR) 7.40 7.39 7.40 0.298
(7.36-7.44) (7.35-7.43) (7.36-7.44)
Liver function
ALT (U/L), median (IQR) 29 (18-44) 30.50 (17-40) 28 (19-46) 0.545
AST (U/L), median (IQR) 41 (30-57) 41 (28-57) 41 (30-60) 0.291
ALP (U/L), median (IQR) 176 183.50 174 0.922
(129-270) (130-251) (127-272)
Total bilirubin (mg/dL), 1 0.94 1 0.622
median (IQR) (0.70-1.33) (0.70-1.32) (0.70-1.33)
Renal function and electrolytes
Creatinine (mg/dL), median 1.08 1.10 1.07 0.156
(IQR) (0.88-1.41) (0.89-1.82) (0.86-1.35)
beGFR (mL/min/1.73m3), 68.31 64.56 70.93 0.018
median (IQR) (46.79-86.92) (34.39-84.21) (51.32-88.83)
BUN (mg/dL), median (IQR) | 18 (12-28) 20 (13.4-37) 17 (12-26) 0.015
Sodium (mEg/L), median 139 139 139 0.161
(IQR) (136-141) (135-141) (137-142)
Potassium (mEq/L), median | 4.50 4.5 4.53 0.477
(IQR) (4.20-4.94) (4.19-4.88) (4.20-4.96)
hs-CRP (mg/L), median (IQR) | 67.70 (26-81) 68 (31-81) 64.70 (25-82) 0.795

aAt the time of hospital admission; ®PBased on chronic kidney disease epidemiology collaboration
(CKD-EPI) equation;

ALP: alkaline phosphatase, ALT: alanine transaminase, AST: aspartate transaminase, BS: blood
sugar, BUN: blood urea nitrogen, eGFR: estimated glomerular filtration rate, hs-CRP: high-sensitivity
C-reactive protein, INR: international normalized ratio, IQR: interquartile range, pCO2: partial pressure
of carbon dioxide, PTT: partial thromboplastin time, SD: standard deviation, WBC: white blood cell
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Table 3: Assessing the association of diabetes with length of hospital stay, mechanical ventilation, and
death in hospitalized patients with COVID-19 using the multivariable logistic regression analysis

. Length of hospital stay | ®Mechanical ventilation Mortality
Diabetes P P P
(yes/no) RR 95% ClI value OR 95% ClI value OR 95% ClI value
Unadjusted 1.038 | 0.951- | 0.404 | 1.006 | 0.620- | 0.981 | 0.959 | 0.572- | 0.872

1.133 1.632 1.605
Age-and sex- | 1.040 | 0.953- | 0.380 | 0.973 | 0.596- | 0.911 | 0.918 | 0.542- | 0.751
adjusted 1.136 1.587 1.555
Fully 1.007 | 0.912- | 0.884 | 0.820 | 0.459- | 0.504 | 0.822 | 0.440- | 0.538
adjusted 1.113 1.465 1.534

alncluding non-invasive and invasive mechanical ventilation; PAdjusted by age, sex, BMI, smoking
status, and comorbidities (e.g. hypertension, IHD, CVA, malignancy, CKD/dialysis, and Immunodefi-

ciency)

Cl: confidence interval, OR: odds ratio, RR: relative risk

Table 4: Clinical characteristics of hospitalized diabetic COVID-19 patients categorized based on mor-

tality outcome

Male, n (%) 62 (55.86) 40 (48.19) 22 (78.57) 0.005
Age (y), mean (SD) 63.66 (13.32) 61.88 (13.01) 68.93 (13.07) 0.015
BMI (kg/m?), mean (SD) 28.22 (5.63) 27.66 (5.21) 29.78 (6.56) 0.122
Current smoker, n (%) 11 (9.91) 5 (6.02) 6 (21.43) 0.018
Diabetes medication
No medication, n (%) 7 (33.33) 4 (28.92) 13 (46.43) 0.089
Oral medication, n (%) 9 (44.14) 1(49.4) 8 (28.57) 0.055
Insulin, n (%) 5 (22.52) 8 (21.69) 7 (25) 0.717
Comorbidities, n (%) 4 (75.68) 8 (69.88) 26 (92.86) 0.014
Hypertension, n (%) 4 (57.66) 5 (54.22) 19 (67.86) 0.207
IHD, n (%) 39 (35.14) 25 (30.12) 14 (50) 0.057
CVA, n (%) 3(2.70) (1.20) 2 (7.14) 0.156
Malignancy, n (%) 8 (7.21) 4 (4.82) 4 (14.29) 0.109
CKD/Dialysis, n (%) 10 (9.01) (9.64) 2 (7.14) 0.690
almmunodeficiency, n (%) 7 (6.31) (1.20) 6 (21.43) 0.001
bSymptoms and signs
cFever, n (%) 5 (49.55) 0 (48.19) 15 (53.57) 0.623
Cough, n (%) 1 (45.95) 2 (50.60) 9 (32.14) 0.090
Dyspnea, n (%) 55 (49.55) 42 (50.60) 13 (46.43) 0.702
Sore throat, n (%) 8 (7.21) 4 (4.82) 4 (14.29) 0.109
Diarrhea, n (%) 6 (5.41) 4(4.82) 2(7.14) 0.641
Nausea/Vomiting, n (%) 16 (14.41) 13 (15.66) 3 (10.71) 0.519
Anorexia, n (%) 7 (15.32) 4 (16.87) 3(10.71) 0.434
Headache, n (%) 6 (5.41) 4 (4.82) 2(7.14) 0.641
Weakness, n (%) 45 (40.54) 30 (36.14) 15 (53.57) 0.104
Myalgia, n (%) 1(18.91) 16 (19.18) 5(17.86) 0.868
Coryza, n (%) 2 (1.80) 2 (2.41) 0(0) 0.999
Chills, n (%) 10 (9.01) 8 (9.64) 2 (7.14) 0.690
Chest pain, n (%) 7 (6.31) 5 (6.02) 2 (7.14) 0.833
dShock, n (%) 2 (1.80) 1(1.20) 1(3.57) 0.443
Unconsciousness, n (%) 13 (11.71) 3(3.61) 10 (35.71) <0.001
SBP (mmHg), median (IQR) 133 (120-150) | 136 (120-156) | 129 (110-140) 0.031
DBP (mmHg), median (IQR) 80 (70-90) 80 (70-94) 78.50 (66.50-84) | 0.109
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Table 4 (cont.): Clinical characteristics of hospitalized diabetic COVID-19 patients categorized based

on mortality outcome

Pulse rate, median (IQR) 93 (85-103) 92 (85-102) 100 (87.50-
113.50) 0.305

Respiratory rate, median (IQR) | 20 (17-22) 20 (16-22) 20 (17-24) 0.523

Oz saturation (%), median 92 (87-95) 92 (88-95) 89.50 (81-94)

(IQR) 0.069
beCT severity score, median 9 (5-14) 7 (5-11) 11 (7-17)
(IQR) 0.051
ICU admission, n (%) 38 (34.23) 10 (12.05) 28 (100) <0.001
fMechanical ventilation treat- 35 (31.53) 7 (8.43) 28 (100)
ment, n (%) <0.001
Length of hospital stay (day), 5 (3-8) 4 (3-7) 6.50 (2-14.50)
median (IQR) 0.050

a0rgan transplantation or using immunosuppressive drugs such as corticosteroids, methotrexate, az-
athioprine, cyclosporine, mycophenolate mofetil, tacrolimus, or sirolimus; At the time of hospital ad-
mission; ¢Oral temperature = 37.8°C; YMean arterial blood pressure < 65 mmHg or SBP < 90 mmHg;
eCT was performed in 77 diabetic patients; fIncluding non-invasive and invasive mechanical ventila-

tion

BMI: body mass index, CKD: chronic kidney disease, CT: computed tomography, CVA: Cerebrovas-
cular accident, DBP: diastolic blood pressure, ICU: intensive care unit, IHD: ischemic heart disease,
IQR: interquartile range, SBP: systolic blood pressure, SD: standard deviation

ing diabetic disease was associated with se-
vere COVID-19 infection (RR, 2.45 95 % CI:
1.79-3.35; P<0.001), acute respiratory di-
stress syndrome (ARDS) (RR, 4.64 95 % CI:
1.86-11.58; P=0.001) and higher mortality
(RR, 2.12 95% CI. 1.44-3.11; P<0.001)
(Huang et al., 2020). The following mecha-
nisms are suggested by different studies
through which DM plays a role in COVID-19
severity and mortality: 1) compromising the
immune response (Huang et al., 2020), 2) re-
duction of pulmonary function (Yan et al.,
2020), 3) induction of hypercoagulability
states (Guo et al., 2020). 4) induction of an
inflammatory state with increased production
of inflammatory markers including interleu-
kin (IL)-6, IL-1 and tumor necrosis factor-al-
pha (TNF-a) (Huang et al., 2020), and 5) its
association with micro- and macrovascular
complications and other comorbidities
(Cariou et al., 2020).

In contrast, the results of other studies
were in line with the present study, indicating
that DM is not a risk factor for the disease se-
verity and mortality among COVID-19 pa-
tients. For instance, Zhang et al. showed that

DM was not associated with disease severity
in COVID-19 patients (Zhang et al., 2020a).
Chen et al. also found no association between
DM and COVID-19 death in 274 hospitalized
patients (Chen et al., 2020). Moreover, in a
prospective study conducted by Du et al., DM
was not associated with higher mortality rate
(Du et al., 2020).

Some of these controversies regarding the
association of DM and COVID-19 outcome
may arise from differences in baseline char-
acteristics of participants, DM definition cri-
teria, and the criteria used for diagnosis of
COVID-19 infection in different studies
(Cariou et al., 2020; Guo et al., 2020; Yan et
al., 2020). In addition, as shown by our report,
diabetic patients with COVID-19 were more
likely to have other comorbidities including
HTN, IHD, malignancy, and CKD than those
without, suggesting that some of the reported
worse outcome in diabetic patients may be re-
lated to other comorbidities they usually had.
However, most of those reports that conclude
DM as a risk factor for disease severity and
mortality in COVID-19 patients do not adjust
the results to other parameters (i.e. age, sex,
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Table 5: Laboratory results among hospitalized diabetic COVID-19 patients categorized based on mor-

tality outcome

Random BS (mg/dL), median 227.50 179 275 0.060
(IQR) (140-280) (137-250) (193.50-311.50)
Complete blood count
WBC count (cells/uL), 6555 6450 7325 0.267
median (IQR) (4895-9440) (4620-9100) (5185-11300)
Neutrophil count (cells/uL), 4922.50 4875 5510.40 0.460
median (IQR) (3393-7560) (3363-7204.80) | (3671.60-9309)
Lymphocyte count (cells/uL), | 1056.50 1105 749 0.141
median (IQR) (693-1467) (780-1467) (539-1442)
Neutrophil/lymphocyte ratio, 5.03 4.47 8.30 0.022
median (IQR) (3.13-8.30) (3.13-6.23) (5.47-10.50)
Hemoglobin (g/dL), median 12.45 12.65 12.15 0.447
(IQR) (10.95-14.05) (11-14.10) (10.10-13.60)
Platelet count (cells/pL), 195500 205000 171500 0.014
median (IQR) (140500~ (146500- (123500-
270500) 287500) 213000)
Coagulation profile
PTT (sec), median (IQR) 24.50 (22-28) 25 (22-28) 24 (20.50-26) 0.553
INR, median (IQR) 1.23 (1.10-1.39) | 1.22(1.10-1.41) | 1.25(1.11-1.38) | 0.999
Blood gas analysis
pCO2 (mmHg), median (IQR) | 39 (33-46) 40 (34.90-47) 35 (32-41) 0.039
Bicarbonate (mEg/L), median | 24.10 25 22.90 0.039
(IQR) (21-27.76) (21.60-28) (17.30-26.60)
pH, median (IQR) 7.39 (7.35-7.43) | 7.40 (7.36-7.43) | 7.37 (7.34-7.42) | 0.465
Liver function
ALT (U/L), median (IQR) 30.50 (17-40) 33 (18-40) 21 (14-45) 0.332
AST (U/L), median (IQR) 41 (28-57) 41 (28-52) 38 (30-61) 0.866
ALP (U/L), median (IQR) 183.50 185 171 0.857
(130-251) (132-246) (129-251)
Total bilirubin (mg/dL), 0.94 (0.70-1.32) | 1(0.70-1.35) 0.90 (0.70-1.25) | 0.564
median (IQR)
Renal function and electrolytes
Creatinine (mg/dL), median 1.10 (0.89-1.82) | 1.03 (0.88-1.41) | 1.54 (1.05-2.73) | 0.002
(IQR)
beGFR (mL/min/1.73m3), 64.56 67.20 37.14 0.004
median (IQR) (34.39-84.21) (44.34-89.76) (22.86-68.40)
BUN (mg/dL), median (IQR) 20 18 33 0.004
(13.40-37) (12.50-28.50) (18.50-69.65)
Sodium (mEg/L), median 139 139 136.50 0.055
(IQR) (135-141) (136-142) (134.50-140.50)
Potassium (mEg/L), median 450 (4.19-4.88) | 4.46 (4.15-4.75) | 4.59 (4.27-5.30) | 0.133
(IQR)
hs-CRP (mg/L) 68 (31-81) 58 (29-80) 77.50 (36-81) 0.186

aAt the time of hospital admission; "Based on chronic kidney disease epidemiology collaboration
(CKD-EPI) equation

ALP: alkaline phosphatase, ALT: alanine transaminase, AST: aspartate transaminase, BS: blood
sugar, BUN: blood urea nitrogen, eGFR: estimated glomerular filtration rate, hs-CRP: high-sensitivity
C-reactive protein, INR: international normalized ratio, IQR: interquartile range, pCO2: partial pressure
of carbon dioxide, PTT: partial thromboplastin time, SD: standard deviation, WBC: white blood cell
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other comorbidities, and drugs) to determine
the net effect of DM on clinical outcomes
(Cao et al., 2020; Roncon et al., 2020; Wang
et al., 2020b; Zhang et al., 2020b; Zhou et al.,
2020).

As shown by Huang et al., the association
between DM and poor outcome among
COVID-19 patients may be modified by other
factors such as age and hypertension. They
demonstrated that DM had less effect on
COVID-19 severity in older and hypertensive
patients. In other words, the effect size of DM
is higher in younger patients (< 55 years) and
those without hypertension (Huang et al.,
2020). The lack of association between DM
and poor clinical outcomes in our study may
also be explained by this fact that most of our
COVID-19 patients including diabetic pa-
tients were old (76.58 % of diabetic patients
were > 55 years) and hypertensive (57.66 %
of diabetic patients).

Compatible with previous findings, our
results indicated that the mortality rate was
higher among older male patients (Cariou et
al., 2020; Yan et al., 2020). In addition, based
on our results, diabetic patients who were
smokers and those with other comorbidities
especially immunodeficiency had higher
mortality rate. Loss of consciousness and
lower SBP at the time of hospital admission
were also related to poor clinical outcome in
diabetic COVID-19 patients. No agreement
was present among various studies regarding
the best laboratory tests which predicted out-
comes of COVID-19 in diabetic patients at
the time of hospital admission (Cariou et al.,
2020; Yan et al., 2020). However, our results
showed that lower platelet count, pCO> and
bicarbonate as well as higher neutrophil/lym-
phocyte ratio, BUN and creatinine at the time
of hospital admission were associated with
higher mortality in diabetic patients.

The current study had several limitations.
First, the small sample size. Second, the ret-
rospective nature of the study. Third, the def-
inition of DM in our study was made based on
self-reported medical history (lack of hemo-
globin Alc measurements in all patients), so
some of diabetic patients may be missed.

Fourth, the inclusion of those with either pos-
itive COVID-19 RT-PCR test or clinical
symptoms and chest CT findings indicative of
COVID-19 in our study. Nevertheless, in our
study, by repetition of the analyses only in
those patients with positive COVID-19 RT-
PCR test (164 patients), the association be-
tween DM and clinical outcomes were not
changed (data not shown).

In summary, our findings suggest that DM
is not associated with poor clinical outcomes
among hospitalized patients with COVID-19.
However, due to limitations mentioned
above, our findings should be interpreted cau-
tiously and further well-designed prospective
studies are needed to confirm the data.
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