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Aims: Type 2 diabetes mellitus (T2DM,) is a risk factor for severe COVID-19. Our aim was to
compare the clinical outcomes of patients with and without T2DM during the first hit of
COVID-19 in Istanbul.

Methods: A retrospective population-based study was conducted including all consecutive
adult symptomatic COVID-19 cases. Patients were confirmed with rt-PCR,; treated and mon-
itored in accordance with standard protocols. The primary endpoints were hospitalization
and 30-day mortality.

Results: Of the 93,571 patients, 22.6% had T2DM, with older age and higher BMI. Propensity
Score matched evaluation resulted in significantly higher rates of hospitalization (1.5-fold),
30-day mortality (1.6-fold), and pneumonia (1.4-fold). They revealed more severe laboratory
deviations, comorbidities, and frequent drug usage than the Non-DM group. In T2DM age,
pneumonia, hypertension, obesity, and insulin-based therapies were associated with an
increased likelihood of hospitalization; whereas age, male gender, lymphopenia, obesity,
and insulin treatment were considerably associated with higher odds of death.
Conclusions: COVID-19 patients with T2DM had worse clinical outcomes with higher hospi-
talization and 30-day mortality rates than those without diabetes. Compared to most terri-
tories of the world, COVID-19 mortality was much lower in Istanbul, which may be
associated with accessible healthcare provision and the younger structure of the

population.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) has spread rapidly on a global scale, with over 110 million
cases of coronavirus disease (COVID-19) have been diagnosed,
and more than 2,4 million people lost worldwide [1,2]. Turkey
is one of the countries affected most by COVID-19; as of Feb
17, 2021, over 2.6 million cumulative confirmed cases were
detected, and 27.738 citizens have died [3].

Recent studies have indicated that T2DM was one of the
most encountered comorbidities in COVID-19 patients and
is also considered an independent risk factor for disease
severity and mortality [4,5]. The prevalence of T2DM in
COVID-19 ranges from 5.7% to as high as 68.3% around the
world [4-7]; also hospitalization and mortality rates in
COVID-19 patients vary across populations and studies. In a
systematic review from China, mortality is estimated at 3-
4% [8]. However, reports from several European countries
have shown that mortality rates range between 10% and
20% [9,10]. Furthermore, in the majority of studies, mortality
rates were given for hospitalized patients only [11,12]. Never-
theless, in the literature, there are barely large-scale popula-
tion studies on the clinical course of COVID-19 patients with
T2DM. Yet, reliable population-based estimates of COVID-19
mortality in T2DM patients are essential for supporting clini-
cal experts, providing standards to monitor the epidemic, and
reinforcing the performance of health services.

Istanbul is a metropolitan city, with its 15.5 million inhab-
itants, representing 19% of Turkey’s population [13]. Based on
a population-based study in 2010, in Turkey [14] and the data
shared by the Turkish Statistical Institution in 2019, the age
and sex-standardized prevalence of diabetes in the adult pop-
ulation of Istanbul is estimated as 15.2% (translating to 1.7
million adults) [13,14]. During the first wave of COVID-19,
Istanbul was the epicenter of the pandemic and had nearly
two-thirds of all COVID-19 cases identified in Turkey [3]. Con-
sidering this fact, we aimed to investigate the clinical charac-
teristics and risk factors of hospitalization and mortality in
COVID-19 patients with and without T2DM in Istanbul.

2. Material and methods
2.1.  Setting

This retrospective population-based study was included all
symptomatic COVID-19 cases with or without T2DM in Istan-
bul, using the national COVID-19 registry of the Turkish Min-
istry of Health (MoH). During the study period, a real-time
reverse transcription-polymerase chain reaction (rt-PCR) test
for SARS-CoV-2 was available for individuals with symptoms
consistent with COVID-19, those with a history of traveling
abroad or in close contact with a COVID-19 patient in the pre-
vious 14 days. All rt-PCR positive results are mandatorily
recorded into the national case-based surveillance system,
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which is integrated with the hospital and laboratory informa-
tion systems.

This study was approved by the COVID-19 Investigation
Review Board under the Bioethics Committee of MoH, which
waived the requirement of informed consent due to the retro-
spective study design and anonymity of the national database
(IRB no: 95741342-020:186404/28.10.2020).

2.2. Study population

A consort diagram illustrating participant enrollment is pro-
vided in Fig. 1. We included all adult patients to avoid any
chance of selection bias. Briefly, from March 11 (date of the
first COVID-19 case in Istanbul) to May 30, 2020 (inclusive),
of the 203,456 confirmed cases in Turkey, 26.4% (n = 53,785)
were excluded as they were < 18 years or asymptomatic/mild
(<2 symptoms) cases. Out of 149,671 moderate/severe cases in
ambulatory or inpatient settings, 62.5% (n = 93,571) were from
Istanbul and formed our study population. After exclusion of
patients with type 1 diabetes (n = 206) and unclassified dia-
betes (including new hyperglycemia, n = 420), the remaining
21,180 T2DM and 71,765 Non-DM patients formed our cohorts.
Those with no available HbAlc records (in < 12 months,
n = 1562) were also excluded. A sample of 18,658 T2DM
patients was matched for age and gender with a non-DM
group using the Propensity Score Matching System-PSMS on
a 1:1 scale. Finally, the clinical and laboratory data of 37,316
patients were analyzed.

2.3. Data collection

All data were obtained from the national database. Sociode-
mographic characteristics (age, gender, body mass index-
BMI, smoking, and education), information on complications,
comorbidities, and medications; and laboratory results
including blood glucose, glycosylated hemoglobin Alc-
HbA1lc, lipids (low-, high-density lipoprotein cholesterol
(LDL-chol, HDL-chol), total chol, and triglycerides), creatinine,
aminotransferases (ALT, AST), D-dimer, C-reactive protein-
CRP, procalcitonin, lymphocyte count, lactate
dehydrogenase-LDH, ferritin, and fibrinogen were obtained.
Chest computerized tomography-CT results were available
in the national database as positive (bilateral distribution of
patchy shadows or ground-glass opacities) or negative for
COVID-19.

2.4. Definitions

Clinical definitions were explained below. Briefly, smoking
was defined as current smoking, higher education as receiv-
ing more than formal education (>9 years). BMI was calcu-
lated as the ratio of weight to the square of height (kg/m?).
Pre-existing T2DM was identified based on the International
Classification of Diseases System-10 (ICD-10) codes or having
any HbAlc > 6.5% or prescription of any antihyperglycemic
drug-AHD within the last twelve months. Hypertension, dys-
lipidemia, chronic obstructive pulmonary disease-COPD,
asthma, heart failure, coronary artery disease-CAD, periph-
eral artery disease, and stroke were defined based on the rel-

evant ICD-10 codes. Cardiovascular disease-CVD was

composed of CAD, stroke, and peripheral artery disease.
Microvascular complications included retinopathy and neu-
ropathy. Obesity was defined as BMI > 30 kg/m?.

Diabetic complications were defined based on the ICD-10
codes; retinopathy as having an intravitreal injection or laser
photocoagulation, and neuropathy with the prescription of
relevant drugs (i.e., pregabalin, gabapentin, duloxetine, or
alpha-lipoic acid). Chronic kidney disease-CKD was described
as a reduced estimated glomerular filtration rate (eGFR:
<60 mL/min/1.73 m? based on the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [15].

Insulin-based regimens were defined as any insulin with/
without other AHDs. Renin-angiotensin system (RAS) blocker
use was described as receiving any angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers or their
combination forms.

2.5.  Study endpoints

The primary endpoints of the study were hospitalization and
30-day mortality. The secondary outcomes were hospital stay
longer than the median duration (7 days), intensive care unit-
ICU admission, and ICU stays longer than the median dura-
tion (6 days).

2.6.  Statistical analysis

All data were analyzed using Statistical Package for Social
Sciences v.25 (SPSS Inc. 111 Chicago, IL). Numerical variables
were expressed as means (standard deviation-SD) or medians
(interquartile range-IQR) and categorical variables as counts
and percentages (n, %). Normality of distribution was
assessed using the Kolmogorov-Smirnov test, and differences
between groups with Chi-square test for categorical variables,
student’s t-test, or Mann-Whitney U test, as appropriate.

Univariate analyses were performed to evaluate the poten-
tial variables associated with hospitalization or mortality in
groups, separately and presented with odds ratio-OR and
95% confidence intervals-CI. Age- and sex-adjusted multivari-
able logistic regressions were performed to assess the associ-
ation of clinical characteristics and biochemical results with
the study endpoints. Variables with a potential or significant
univariate association with the endpoints were included in
multiple models set for T2DM and Non-DM, separately.
Hosmer-Lemeshow test was used for goodness of fit and
Box-Tidwell test to check the linearity of the logit for contin-
uous independent variables. Statistical significance was
defined as a two-sided p-value < 0.05.

3. Results
3.1.  Overall study population

3.1.1.  Principal findings

This study analyzed the demographic and clinical features of
93,571 adult Turkish patients with COVID-19 in Istanbul and
identified factors associated with hospitalization and fatality
of COVID-19 using the nationwide database. Approximately,
22.6% (n = 21,180) of cases had T2DM.
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Fig. 1 - Consort diagram of the study participants.

As presented in Table 1, the median (IQR) age of the T2DM
and Non-DM cohorts was 53 (22) and 38 (20) years, and the
proportion of men were 42% and 55%, respectively. Median
BMI was higher in T2DM than those without diabetes. Nearly
half of T2DM patients had HbAlc over 7%. T2DM cohort had
higher median levels of triglycerides, and glucose but lower
HDL-chol than the Non-DM cohort. More patients in the
T2DM cohort had high levels of AST, D-dimer, CRP, procalci-
tonin, LDH, and ferritin. In the T2DM cohort, smoking was

less prevalent but comorbidities (hypertension, dyslipidemia,
obesity, COPD/asthma, heart failure, CAD, peripheral artery
disease, stroke, and cancer) were more common, and more
patients were using RAS blockers, statins, and acetylsalicylic
acid-ASA.

3.1.2. Endpoint analysis
In the T2DM cohort, the crude rate of hospitalization was 2.1-
fold (44.7% vs. 21.2%), and mortality 4.3-fold (6.9% vs. 1.6%)
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Table 1 - Basic characteristics of patients with and without type 2 diabetes mellitus diagnosed with COVID-19 in Istanbul

(before PSM).

T2DM Non-DM Available data (n) p

(n = 21,180) (n=71,765)  (T2DM/Non-DM)
Age, years, median (IQR) 53 (22) 38 (20) 21,180/71,765 <0.001
Gender, male, n (%) 8965 (42.3) 39,471 (55.0)  21,180/71,765 <0.001
Follow-up center, n (%)
Public hospitals 15,598 (73.6) 56,016 (78.1)
University hospitals 1173 (5.5) 2738 (3.8) 21,180/71,765 <0.001
Private centers 4409 (20.8) 13,011 (18.1)
Education (>9 years - n, %) 67.9 (28.4) 34.2 (39.4) 2393/8677 <0.001
BMI, kg/m?, median (IQR) 30.0 (7.1) 25.7 (6.6) 2251/4695 <0.001
Clinical severity
Hospitalization, n (%) 9468 (44.7) 15,180 (21.2) 21,180/71,765 <0.001
Hospital stay > 7 days, n (%) 4080 (57.4) 2689 (55.8) 7109/4819 0.085
ICU admission, n (% of those hospitalized) 2125 (22.5) 2197 (14.5) 9442/15,157 <0.001
ICU stay > 6 days, n (%) 1168 (55.1) 1073 (49.0) 2119/2191 <0.001
Death, n (%) 1451 (6.9) 1131 (1.6) 21,179/71,759 <0.001
Chest CT on admission consistent with COVID-19, n (%) 6476 (32.1) 11,637 (17.3) 20,188/67,230 <0.001
Laboratory values
Glucose, mg/dL, median (IQR) 125 (76) 103 (23) 2157/3039 <0.001
HbA1lc, %, [mmol/mol] median (IQR) 6.9 (2.3) [52 (2)] 8813/—
HbAlc > 7% [53 mmol/mol], n (%) 6989 (48.2) 14506/—
Total chol, mg/dL, median (IQR) 196.0 (64.6) 194.0 (63.0) 1320/802 0.126
Triglycerides, mg/dL, median (IQR) 136 (100) 115.0 (80.7) 1974/1225 <0.001
HDL-chol, mg/dL, median (IQR) 46.9 (17.0) 49.0 (19.7) 1465/868 0.004
LDL-chol, mg/dL, median (IQR) 119.5 (55.0) 118.0 (51.7) 1549/884 0.599
AST, >ULN, n (%) 632 (23.4) 831 (20.1) 2696/4130 0.001
ALT, >ULN, n (%) 586 (21.8) 944 (22.9) 2691/4115 0.261
D-dimer > ULN, n (%) 819 (61.1) 860 (46.6) 1341/1845 <0.001
CRP, >ULN, n (%) 3937 (72.9) 5844 (62.0) 5402/9426 <0.001
Procalcitonin, >ULN, n (%) 160 (17.3) 102 (11.8) 924/861 0.001
Lactate dehydrogenase, >ULN, n (%) 1457 (46.7) 1566 (36.5) 3123/4287 <0.001
Ferritin, >100 ng/mL, n (%) 1847 (64.3) 1933 (56.0) 2871/3451 <0.001
Fibrinogen, >ULN, n(%) 306 (79.7) 347 (74.6) 384/465 0.081
Lymphopenia, Lym # <1000/uL, n (%) 2387 (20.4) 4998 (16.6) 11,684/30,143 <0.001
Comorbid conditions
Smoking (current smoker - n, %) 2230 (15.5) 10,845 (20.4) 14,343/53,230 <0.001
Hypertension, n (%) 14,054 (66.4) 16,328 (22.8) 21,180/71,765 <0.001
Dyslipidemia, n (%) 9245 (43.6) 4926 (6.9) 21,180/71,765 <0.001
COPD/Asthma, n (%) 6769 (32.0) 10,666 (14.9)  21,180/71,765 <0.001
Obesity, n (%) 1128 (50.2) 964 (20.5) 2249/4694 <0.001
Heart failure, n (%) 1676 (7.9) 868 (1.2) 21,180/71,765 <0.001
Coronary artery disease, n (%) 6205 (29.3) 4893 (6.8) 21,180/71,765 <0.001
Peripheral artery disease, n (%) 1506 (7.1) 1373 (1.9) 21,180/71,765 <0.001
Stroke, n (%) 684 (3.2) 451 (0.6) 21,180/71,765 <0.001
Diabetic retinopathy, n (%) 480 (2.3) _ 21,180/
Diabetic neuropathy, n (%) 2380 (11.2) _ 21,180/———
Chronic kidney disease, n (%) 1217 (18.9) 745 (8.4) 6442/8873 <0.001
Cancer, n (%) 1409 (6.7) 1576 (2.2) 21,180/71,765 <0.001
Treatments
Insulin-based regimen, n (%) 4408 (20.8) _ 21,180/———
RAS blocker, n (%) 9569 (45.2) 7685 (10.7) 21,180/71,765 <0.001
Statin, n (%) 5295 (25.0) 1677 (2.3) 21,180/71,765 <0.001
Acetylsalicylic acid, n (%) 5905 (27.9) 4500 (6.3) 21,180/71,765 <0.001

higher than in the Non-DM cohort. Also, patients with T2DM 3.2 Propensity matched groups

had more severe clinical COVID-19 disease with a significantly

higher rate of ICU admission, ICU stays longer than 6 days, 3.2.1. Principal findings

and pneumonia. Hospital stays longer than 7 days were also After matching, the median (IQR) age was 53 (20) years, and
more frequent among patients with T2DM but the difference male participants were 44%. In T2DM and Non-DM groups
did not reach statistical significance. median (IQR) BMI was 30.0 (7.1) and 27.1 (6.4) kg/m?, respec-
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Table 2 - Basic characteristics of patients with and without

(after PSM).

type 2 diabetes mellitus diagnosed with COVID-19 in Istanbul

T2DM Non-DM Available data (n) o)

(n = 18,658) (n=18,658)  (T2DM/Non-DM)
Age, years, median (IQR) 53 (20) 53 (20) 18,658/18,658 1.000
Gender, male, n (%) 8207 (44.0) 8207 (44.0) 18,658/18,658 1.000
Follow-up center, n (%)
Public hospitals 13,797 (73.9) 14,431 (77.3)
University hospitals 1030 (5.5) 720 (3.9) 18,658/18,658 <0.001
Private centers 3831 (20.5) 3507 (18.8)
Education (>9 years - n,%) 604 (28.6) 587 (26.9) 2112/2182 0.21
BMI, kg/m?, median (IQR) 30.0 (7.1) 27.1 (6.4) 2050/1193 <0.001
Clinical severity
Hospitalization, n (%) 8172 (43.8) 5485 (29.4) 18,658/18,658 <0.001
Hospital stay > 7 days, n (%) 4080 (57.4) 2689 (55.8) 7109/4819 0.09
ICU admission, n (% of those hospitalized) 1706 (20.9) 1078 (19.7) 8151/5473 0.08
ICU stay > 6 days, n (%) 913 (53.7) 584 (54.3) 1700/1076 0.77
Death, n (%) 1162 (6.2) 733 (3.9) 18,657/18,657 <0.001
Chest CT on admission consistent with COVID-19, n (%) 5648 (31.8) 4076 (23.1) 17,771/17,672 <0.001
Laboratory values
Glucose, mg/dL, median (IQR) 126 (76) 107 (28) 1708/628 <0.001
HbA1lc, %, [mmol/mol] median (IQR) 6.9(23)[52(2] ——— 8193/——
HbAlc > 7% [53 mmol/mol], n (%) 3798 (46.4) _ 8177/
Total chol, mg/dL, median (IQR) 197 (64) 201 (57) 1155/247 0.214
Triglycerides, mg/dL, median (IQR) 136 (100) 121 (79) 1711/370 <0.001
HDL-chol, mg/dL, median (IQR) 47 (18) 50 (17) 1281/265 0.005
LDL-chol, mg/dL, median (IQR) 120 (53.9) 127.8 (51.5) 1364/270 0.048
AST, >ULN, n (%) 481 (22.6) 191 (23.6) 2127/810 0.58
ALT, >ULN, n (%) 493 (23.1) 138 (16.6) 2132/833 <0.001
D-dimer > ULN, n (%) 594 (58.0) 254 (68.6) 1024/370 <0.001
CRP, >ULN, n (%) 3023 (69.8) 1018 (77.4) 4332/1316 <0.001
Procalcitonin, >ULN, n (%) 108 (15.7) 44 (19.7) 689/223 0.16
Lactate dehydrogenase, >ULN, n (%) 1139 (44.8) 472 (53.1) 2545/889 <0.001
Ferritin, >100 ng/mL, n (%) 1462 (62.4) 509 (70.9) 2344/718 <0.001
Fibrinogen, >ULN, n(%) 234 (79.9) 96 (78.0) 293/123 0.68
Lymphopenia, Lym # <1000/uL, n (%) 2009 (19.7) 1713 (20.5) 10,212/8346 0.15
Comorbid conditions
Smoking (current smoker - n, %) 1960 (15.5) 2225 (17.1) 12,681/13,039) <0.001
Hypertension, n (%) 12,455 (66.8) 7870 (42.2) 18,658/18,658 <0.001
Dyslipidemia, n (%) 8333 (44.7) 2456 (13.2) 18,658/18,658 <0.001
COPD/Asthma, n (%) 5845 (31.3) 3929 (21.1) 18,658/18,658 <0.001
Obesity, n (%) 1024 (50.0) 344 (28.8) 2049/1193 <0.001
Heart failure, n (%) 1392 (7.5) 631 (3.4) 18,658/18,658 <0.001
Coronary artery disease, n (%) 5399 (28.9) 2839 (15.2) 18,658/18,658 <0.001
Peripheral artery disease, n (%) 1318 (7.1) 646 (3.5) 18,658/18,658 <0.001
Stroke, n (%) 577 (3.1) 301 (1.6) 18,658/18,658 <0.001
Diabetic retinopathy, n (%) 433 (2.3) 18,658/
Diabetic neuropathy, n (%) 2112 (11.3) 18,658/
Chronic kidney disease, n (%) 916 (16.9) 410 (18.5) 5417/2219 0.10
Cancer, n (%) 1209 (6.5) 790 (4.2) 18,658/18,658 <0.001
Treatments
Insulin-based regimen, n (%) 3340 (17.9) _ 18,658/———
RAS blocker, n (%) 8371 (44.9) 4491 (24.1) 18,658/18,658 <0.001
Statin, n (%) 4727 (25.3) 1106 (5.9) 18,658/18,658 <0.001
Acetylsalicylic acid, n (%) 5148 (27.6) 2550 (6.8) 18,658/18,658 <0.001

tively (Table 2). The differences in glucose, triglycerides, and
HDL-chol levels between the two groups remained significant.
There were no differences in education, high level (greater
than the upper limit of normal-ULN) AST, and lymphopenia.
Higher ALT was more common in the T2DM group. Whereas
in the Non-DM group, the median LDL-chol was higher;

additionally, more patients had high D-dimer, CRP, LDH, and
ferritin levels. In the T2DM group, except for CKD, comorbidi-
ties (hypertension, dyslipidemia, obesity, COPD/asthma, heart
failure, CAD, peripheral artery disease, stroke, and cancers)
were more common, and the use of RAS blocker, statin, and
ASA was more frequent than Non-DM group.
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3.2.2. Endpoint analysis

In the T2DM group, the rate of hospitalization was 1.5-fold
(43.8% vs. 29.4%), and 30-day mortality 1.6-fold (6.2% vs.
3.9%), and pulmonary involvement 1.4-fold (31.8% vs. 23.1%)
higher when compared to the Non-DM group. The ratio of
longer hospital stay (>7 days), ICU admission, and longer
ICU stay (>6 days) were numerically higher, and lung involve-
ment on CTwas markedly more common in the T2DM group.

In the T2DM group, multivariate regression analysis
showed independent associations of age (OR: 1.04, 95% CI:
1.02-1.06), pulmonary involvement (3.93, 2.69-5.73), hyperten-
sion (2.04, 1.14-3.63), obesity (1.47, 1.01-2.12), and any insulin
therapy (2.02, 1.30-3.12) with hospitalization; whereas age
(1.10, 1.07-1.14), male gender (2.62, 1.33-5.18), lymphopenia
(2.82, 1.45-5.53), obesity (2.83, 1.45-5.53), and insulin treat-
ment (3.76, 1.86-7.60) with mortality (Fig. 2 and Supplemen-
tary Table 1).

In the Non-DM group, while pulmonary involvement and
obesity were associated with a higher risk of hospitalization;
age, male gender, lymphopenia, pulmonary involvement,
heart failure, and CKD were positively associated with mortal-
ity. However, the ORs of common associates were smaller
than the T2DM group, and obesity appeared inversely associ-
ated with hospitalization (Supplementary Table 2).

4, Discussion

The purpose of this population-based observational study
was to describe the differences in clinical characteristics
and outcomes (hospitalization and mortality) of COVID-19
patients with and without T2DM. As expected, compared to
Non-DM patients, T2DM patients were older and heavier,
had more comorbidities, and more severe clinical disease (in-
cluding inflammatory response, pulmonary involvement, and
admission to ICU). Therefore, they were more likely to be hos-
pitalized and had a higher mortality rate.

Diabetes, in particular, T2DM is one of the most frequently
evaluated comorbidities in COVID-19. Earlier small-scale case
series [6,16] and the subsequent larger single-center studies
[17,18] from China have stated that the prevalence of diabetes
ranged from 10.1% to 23.3%. Single-center reports from other

territories demonstrated a sharp rise from 33.8% to 68.3%
[7,11] as the pandemic expanded. In fact, the frequency of dia-
betes among patients with COVID-19 may depend on the dia-
betes prevalence of the general population. For instance, the
prevalence was reported 68.3% in Saudi Arabia [4], 33.8% in
New York [11], and 20.9% in Greece [19]. In a meta-analysis,
the prevalence of diabetes was 10% in China [20], and 26.5%
in studies outside of China [21]. Likewise, the prevalence of
diabetes ranged from 13.0% to 40.2% in multicenter studies
reported in similar time frames to our study [10,11,22-24].
Similarly, the pooled prevalence of T2DM in systematic
reviews and meta-analysis on COVID-19 was in a wide range,
between 10.1% and 22% [8,21,25-27].

Diabetes prevalence is better understood with the few
published population-based studies. Accordingly, diabetes
prevalence in hospitalized COVID-19 patients was 12% in Italy
[9], 18.9% in Spain [4], and 9% in South Korea (including
ambulatory and hospitalized cases) [12]. Although, diabetes
prevalence in COVID-19 studies from several metropolitan
cities was in a wide range from 3.8% in Tehran [28] to 68.3%
in Riyadh [7]. Studies from other cities (i.e., New York, Wuhan,
Atlanta, Milan, Daegu, Madrid, London, and Detroit) were
generally based on limited case series [11,18,29-34], and the
community-based studies were scarce [29]. The present
population-based study from Istanbul metropolitan city
included both outpatient and inpatient COVID-19 cases with
a T2DM prevalence of 22.6%.

Generally, in studies published on COVID-19, the average
patient age has been reported above 60 [10,19,22-24,35-37],
the majority was male [22-24,27,35-37], and patients with
T2DM tended to be older [17,18,22]. Unlike most of the stud-
ies, the median age of our cohort was younger and the propor-
tion of men was lower in the T2DM group due to the smaller
percentage of the elderly population in our society as com-
pared to European countries, e.g. Italy (8.6% vs. 22.7%) [38],
as well as prompt, strict quarantine restrictions limited to
the older people which may keep them uninfected [3,38].
Moreover, as outpatients might be relatively younger, the
inclusion of both ambulatory and hospitalized patients in
our study may also play a role. The female predominance of
COVID-19 patients with T2DM is shown in similar reports

Hospitalization Mortality
OR, 95% CI p OR, 95% CI p
Age . 1.04(1.02-1.06) = <0.001 - 1.10 (1.07 - 1.14) <0.001
Gender (male) —e 1.40 (0.95 - 2.04) 0.086 2.62 (1.33-5.18) 0.006
HbA1c >7% (53 mmol/mol) —e 0.98 (0.66 - 1.45) 0.916 e 0.67 (0.35-1.28) 0.225
CT findings of COVID-19 —— 3.93(2.69-5.73)  <0.001 L 1.45 (0.80 - 2.65) 0.221
Lymphopenia (Lym # <1000/uL) [ 1.60 (0.99 - 2.61) 0.058 2.82(1.52-5.24) 0.001
Hypertension —— 2.04(1.14-3.63) 0.016 e 0.39(0.10- 1.53) 0.177
Dyslipidemia - 0.94 (0.64 - 1.38) 0.754 1.30(0.64 - 2.66) 0.467
Obesity i 1.47(1.01-2.12) = 0.042 2.83 (1.45-5.53) 0.002
Asthma/COPD —— 1.10(0.75 - 1.61) 0.621 - 0.82(0.43-1.57) 0.546
Heart failure - 1.04 (0.55 - 1.96) 0.906 3 1.83(0.86 - 3.88) 0.116
Cardiovascular disease —e— 0.66 (0.44 - 1.00) 0.050 —a— 0.78 (0.37-1.68) 0.528
Microvascular complications —a— 0.90 (0.59 - 1.37) 0.620 — 1.06 (0.56 - 2.00) 0.868
Cancer —_— 1.58 (0.76 - 3.26) 0.219 ] 1.63 (0.68 - 3.93) 0.277
RAS blocker + combinations — 1.04 (0.66 - 1.65) 0.868 —_— 2.03 (0.80-5.14) 0.136
Insulin-based regimens — 2.01(1.30-3.12) 0.002 3.76 (1.86 - 7.60) <0.001

0.1

1

10

0.1

1

10

Fig. 2 - Forest plot graph of multivariable logistic regression analysis of patients with type 2 diabetes mellitus in Istanbul
(dependent variables: hospitalization, and mortality).
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from outpatient and inpatient settings, particularly in
younger patient samples [9,12].

Hypertension and obesity were the most prevalent comor-
bidities in hospitalized COVID-19 patients. In several popula-
tion reports, hypertension ranged from 32% to 66%
[7,11,27,39], and obesity between 29% and 42% [7,11,27].
Besides, comorbidities are much more common in COVID-19
patients with T2DM. In the present study, the prevalence of
hypertension was higher in the T2DM group, compared to
the Non-DM group (66.4% vs. 22.8%), and it did not change
after age- and sex-matching. The median BMI of our T2DM
cohort was in the obesity cut-off, though, obesity prevalence
was higher (50.2% vs. 28.8%).

In general, comorbidities predict poor outcomes in COVID-
19 patients. In a meta-analysis from the US, Europe, and
China, the prevalence of heart disease was 37% and CKD
27% [39]. In a multicenter study from Turkey among patients
with CKD, 21.9% admitted to ICU, and 14.2% died [40]. The
interactions between CKD and diabetes in COVID-19 may ren-
der these patients highly vulnerable to death. In a registry
study enrolled COVID-19 patients from seven countries, those
with underlying heart disease (24%) had worse outcomes with
a 39.7% mortality rate [41].

Compared with the Non-DM group, the higher prevalence
of comorbidities such as dyslipidemia, COPD/asthma, heart
failure, CVD, and cancer in our T2DM group was consistent
with published studies [19,32,39,41]. In contrast, CKD did
not differ in patients with or without T2DM probably due to
missing data.

Diabetes frequency differs with the clinical severity of
SARS-CoV-2 infection. In meta-analyses from China, diabetes
prevalence was higher in critical/mortal patients as compared
to non-critical patients [7,8,12,21]. The correlation between
diabetes and severe COVID-19 is not fully understood. Sug-
gested mechanisms include higher affinity cellular binding
and efficient virus entry, decreased viral clearance, delayed
Th1/Th17 activation, blunted interferon response, increased
susceptibility to hyperinflammation, and cytokine storm syn-
drome [42]. Furthermore, the low-grade chronic inflammation
in diabetes may favor the development of an exaggerated
inflammatory response [43]. SARS-CoV-2 may also directly
disrupt pancreatic beta-cells through interaction with
angiotensin-converting enzyme-2 [42,43].

COVID-19 mortality is high among hospitalized patients. It
was reported 24.5% in New York [11], 27.8% in Northern Italy
[35]. In-hospital mortality is significantly higher in COVID-19
patients with diabetes. Pre-existing diabetes, compared to
those without has accounted for 24% vs. 10.2% in a report
from China [7]; 28.8% vs. 6.2% and 7.8% vs. 2.7% in multicenter
studies from US [22], and China [44]; 24% vs. 20% in a meta-
analysis [39], and 10.6% vs. 2.1% in a South Korean
population-based study [12]. While in Sicily, although dia-
betes was not a risk factor for COVID-19, it was associated
with a higher fatality [45].

The proportion of severe to critical cases and mortality
rate are known to increase in older COVID-19 patients, and
men with T2DM were more likely to die. In line with other
studies [32,35,42], in the T2DM group of the present study,
older age and hypertension were associated with increased
risk of both hospitalization and mortality. However, male-

gender was strongly linked with the risk of mortality but
not with hospitalization; whereas, hypertension appeared to
increase the likelihood of hospitalization but not mortality.

Elevated CRP, decreased lymphocytes, and increased LDH
are the most common laboratory abnormalities in COVID-
19. In our whole T2DM cohort, more patients had higher than
ULN levels of D-dimer, CRP, LDH, and ferritin as compared
with the Non-DM cohort (Table 1). However, after matching
for age and sex, fewer patients in the T2DM group showed
ULN levels of D-dimer, CRP, LDH, and ferritin (Table 2). We
confirmed this by comparing the actual levels between
groups. In the T2DM group, the median (IQR) levels of D-
dimer, CRP, LDH, and ferritin were significantly higher than
the Non-DM group (Supplementary Table 3). During the first
wave of the COVID-19 in Turkey, there was positive discrimi-
nation for the hospitalization of patients with chronic dis-
eases including T2DM. This might have been created a bias.
As a result, T2DM patients with less severe disease may be
hospitalized while patients without T2DM may not be hospi-
talized unless they have a more severe disease of COVID-19.
In addition, laboratory tests may be more likely to be ordered
in hospitalized patients. Considering these, a higher fre-
quency of patients with high D-dimer, CRP, LDH, and ferritin
levels in the Non-DM group can be expected. Pulmonary
involvement on CT has been the leading indication for hospi-
talization in COVID-19. In a report from Greece, among hospi-
talized patients with COVID-19, 81% developed pneumonia,
and one-fifth of them was died [19]. In our T2DM group, pul-
monary involvement appeared as one of the strongest associ-
ates of hospitalization but not with mortality, and
lymphopenia was linked with the risk of mortality but not
with hospitalization.

While we and others could not demonstrate an association
between HbAlc and worse outcomes in T2DM patients with
COVID-19, some studies stated that HbAlc was associated
with adverse outcomes [22,46], and another study from New
York verified no such associations [47]. The association
between higher HbAlc and SARS-CoV-2 complications may
be mediated by pre-existing complications such as CKD and
CVD.

Insulin is a preferred treatment modality in emergencies,
especially in respiratory distress, including SARS-CoV-2 infec-
tion, and sepsis [48]. However, in some studies, insulin use
has been implicated with poor prognosis in patients with
COVID-19 through enhanced systemic inflammation, and
severe vital organ damage [17,47]. Our study has confirmed
that any pre-existing insulin therapy was strongly associated
with the risk of hospitalization and 30-day mortality. Further
analysis of the outcomes of our T2DM patient groups with
and without insulin-based therapy revealed that patients on
insulin-based therapy had higher hospitalization (61.4% vs.
40%, p < 0.001), admission to ICU (30.6% vs. 17.7%,
p < 0.001), and mortality (14.6% vs. 4.4%, p < 0.001) rates than
those on non-insulin-based regimens (Supplementary
Table 4). Insulin-treated patients are likely to have a longer
duration of diabetes with established diabetes complications
or may have a decreased beta-cell function. Nevertheless,
we could not confirm this because we did not have data
regarding the duration of diabetes, diabetes complications,
or recent glucose profile and hypoglycemia during the hospi-
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talization of our patients. Although this issue needs to be
studied further, we think that insulin therapy is indispensable
when necessary in T2DM, especially in cases with clinically
severe COVID-19 infection.

This population-based study of COVID-19 patients in
Istanbul substantiated that hospitalization and 30-day mor-
tality rates were higher in patients with T2DM as compared
with those without diabetes, and even after age- and sex-
matching both outcomes remained 1.5-fold, and 1.6-fold
higher. Although our hospitalization rate was higher than
those observed by others [9,29,37], the mortality rates in
groups with or without T2DM were significantly lower than
studies reported across the world, and this is one of the most
striking results of our study. Compared with middle-income
countries, the mortality of COVID-19 in the US and the
wealthiest European countries (i.e., Spain, Germany, Italy,
France, UK, Denmark, Norway, Sweden, and The Netherlands)
remains quite high [4,24,35,36,46,49]. This may suggest that
public health interventions may be less accessible in these
countries, among many other interplaying factors [50]. Coun-
tries with the highest life expectancy have demographically
transitioned to greater proportions of older and frailer popu-
lations, which are susceptible to infections and non-
communicable diseases. Such comorbidities were associated
with a higher risk of COVID-19-related death. On the other
hand, chronic diseases, especially diabetes contribute signifi-
cantly to the cost of COVID-19 care, therefore, some patients
may not be admitted to the hospitals despite their need. In
the case of Turkey, almost all residents are under the state-
wide health insurance system. Before the pandemic, the
MOoH established a Scientific Advisory Board for COVID-19 to
work on pandemic preparedness (public health measures,
test criteria, and standard treatment protocols). During the
first hit of COVID-19 in Istanbul, all symptomatic ambulatory
and hospitalized patients received antiviral therapy (in the
order of hydroxychloroquine, lopinavir/ritonavir, and favipi-
ravir) following standard protocols. Besides, more advanced
therapies (i.e., low molecular weight heparin-LMWH, gluco-
corticoids, high-flow nasal oxygen, mechanical ventilation,
and immunomodulators (e.g. tocilizumab, anakinra) were
procured by the MoH whenever needed [3]. Since the health
system was not overwhelmed in the first period of the epi-
demic, and all hospital services including ICU admission
and ventilators were provided free of charge to all patients
in need. Patients with underlying diseases such as diabetes
were positively discriminated against to provide hospitaliza-
tion. The healthcare facilities, which are offered equally to
everyone including those with T2DM, may at least partly
explain the low mortality rate during the first wave of the
pandemic in Istanbul. Nonetheless, other factors such as
the age structure of our population, and the inclusion of both
ambulatory and hospitalized patients might also be promoted
the low mortality rate. Supporting, other population-based
studies including the out-and in-patient settings from South
Korea [12] and Italy [37] demonstrated relatively high mortal-
ity in hospitalized cohorts with respect to the outpatient
cohorts but the mortality was still higher than our rates.

There are several limitations to our study. First, the study
groups could not be strictly matched and some clinical data,
especially of those on ambulatory care were missing, proba-

bly, physicians may not have time to order tests. The applied
multivariate modeling might be limited by residual confound-
ing and bias. Second, this study was a retrospective observa-
tion, which could not establish a causal effect relationship
between T2DM and severity and mortality of COVID-19. Third,
clinical information, such as diabetes duration, urinary albu-
min levels, and daily glucose variations in the T2DM group
were not available. Finally, an earlier started treatment may
have a favorable role in reducing mortality. Supporting, the
death rate of severe COVID-19 in T2DM has started to
decrease dramatically, in parallel to the accumulation of
treatment experience.

The most important strength of our study comes from its
feature that reflects population-based national data with ade-
quate follow-up (30 days). To our knowledge, this is one of the
few studies representing such a large consecutive confirmed
COVID-19 patients followed with a standard protocol. Mostly,
the studies available in the literature cover a limited number
of case series, which were seen in the first weeks or months
of the epidemic. Subsequently published nation-wide and
meta-analysis studies had a sample size, just over a couple
of thousands of patients. It is important to remind that, our
clinical data were obtained from the national database for
COVID-19 covering outpatient and inpatient settings. Addi-
tionally, all patients were treated at the pandemic hospitals
or outpatient designated to COVID-19. The
population-based nature of this study can exclude the possi-
ble bias due to the selection of hospitals caused by incom-
plete follow-up or assessment of in-hospital mortality only.

In conclusion; our findings demonstrated that T2DM
patients infected with SARS-CoV-2 as compared to those
without diabetes were exhibited more severe clinical disease
with a higher hospitalization, admission to ICU, and mortality
rates. Based on these findings it is emphasized that clinicians
should pay more attention to the monitoring and treatment
of COVID-19 patients with diabetes. Besides the fact that
our study covered in- and outpatient settings, and our rela-
tively young population, the low mortality observed in
patients with or without T2DM may be related to the health-
care coverage of the society, and the treatment approaches
implemented throughout the state.
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