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Abstract

Purpose New coronavirus disease 2019 (COVID-19) has a worse prognosis in patients with diabetes. However, there are
insufficient data about the effect of hyperglycemia on COVID-19 prognosis in non-diabetic patients. This study aimed to
investigate the relationship between random blood glucose levels measured at the time of diagnosis and prognosis of
COVID-19 disease in non-diabetic patients.

Methods A nationwide retrospective cohort of non-diabetic patients with confirmed COVID-19 infection from 11 March to
30 May 2020 in the Turkish Ministry of Health database was investigated. The patients were stratified into three groups
according to blood glucose levels which were <100 mg/dL in group-1, in the range of 100-139 mg/dl in group-2, and the
range of 140-199 mg/dl in group-3. Clinical characteristics and outcomes were compared among the groups. The primary
outcome was mortality.

Results A total of 12,817 non-diabetic patients (median age [IQR]: 44 [25] years, females: 50.9%) were included. Patients in
group-2 (5%) and group-3 (14%) had higher mortality rates than patients in group-1 (2.1%). The rates of hospitalization,
hospital stays longer than 8 days, intensive care unit (ICU) admission, ICU stay more than 6 days, and mechanical
ventilation were also significantly higher in group-3 patients. Likewise, glucose levels in the range of 140-199 mg/dL were
an independent associate of mortality and composite of ICU admission and/or mechanical ventilation.

Conclusion Hyperglycemia at the time of COVID-19 diagnosis is associated with poor prognosis in non-diabetic patients.

Clinicians should be more careful in the treatment of non-diabetic COVID-19 patients with hyperglycemia.

Keywords COVID-19 - SARS-CoV-2 - Hyperglycemia - Hospitalization * ICU admission - Mechanical ventilation -

Mortality

Introduction

New coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
been one of the most important epidemics of the century
threatening human health worldwide. Due to the COVID-19,
more than 130 million patients have been infected, and more
than 2.8 million deaths have occurred around the world [1, 2].

Mortality and morbidity rates of COVID-19 disease
increase significantly in certain population groups such as
males, older adults, or patients with comorbidities. Type 2
diabetes mellitus (T2DM) is one of the most frequent
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comorbidities in COVID-19 patients with considerably
increased mortality and morbidity rates [3, 4]. Moreover,
recent data indicate that new-onset hyperglycemia is com-
mon among hospitalized COVID-19 patients with no his-
tory of diabetes in the past. Besides, hyperglycemia on
hospital admission is a significant prognostic factor for
COVID-19 patients without diabetes mellitus [5—-8]. Studies
from the United States, Italy, Spain, and China have con-
sistently shown an increased risk of mortality, intensive care
unit (ICU) admission, and a need for mechanical ventilation
in patients with on admission hyperglycemia but no pre-
vious diagnosis of diabetes mellitus [5-9].

On the other hand, not all COVID-19 patients require hos-
pitalization at the time of diagnosis. While the studies that have
shown the impact of hyperglycemia on COVID-19 outcomes
were performed exclusively in hospitalized patients, very little
information has been obtained from the less severe COVID-19
population who comprise a great proportion of the confirmed
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Fig. 1 Study inclusion
flow chart
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o Patients with glycemia >200
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e Missing data (n = 715)
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cases. Moreover, criteria to exclude patients with diabetes and
define hyperglycemia were not consistent across different studies
mentioned above. In this study, we aimed to investigate the
association of blood glucose levels by the time of COVID-19
diagnosis and clinical outcomes including hospitalization, mor-
tality, and ICU admission and/or a need for mechanical venti-
lation in COVID-19 patients without diabetes mellitus.

Materials and methods
Study design and participants

This nationwide study was conducted using the COVID-19
registry of the Turkish Ministry of Health National Elec-
tronic Database. To promote data sharing with the scientific
society, demographic, clinical, and outcome data of all
symptomatic confirmed cases of COVID-19 infection were
made available to the author group under the supervision of
the Ministry of Health, and several publications have been
made so far [10, 11]. The study population included 149,671
adult patients with confirmed COVID-19 (PCR positive)
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diagnosis from 11 March through 30 May 2020. Figure 1
illustrates the patient enrollment. Briefly, patients with type
1 diabetes mellitus (n=370), T2DM (n=33,478), or
unclassified (n =715, see “’Definitions” below), with blood
glucose level above 200 mg/dl (n =187) and no glucose
measurement (n=102,104) at the time of COVID-19
diagnosis were excluded from the analysis. The final study
population comprised 12,817 confirmed COVID-19 patients
without previously known diabetes. The patients were stra-
tified into three groups according to glucose level which was
<100 mg/dL in group-1, in the range of 100-139 mg/dl in
group-2, and in the range of 140-199 mg/dl in group-3. The
design and procedures in the study are in accordance with
the Declaration of Helsinki and the study protocol was
approved by the COVID-19 Investigation Review Board
under the General Directorate of Health Services Bioethics
Committee (IRB no: 95741342-020:186404/28.10.2020).

Data collection

Sociodemographic characteristics (gender, age, body mass
index (BMI), smoking, and education), comorbid diseases,
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and information on medications were recorded. Blood
glucose, low-density lipoprotein cholesterol (LDL-choles-
terol), high-density lipoprotein cholesterol (HDL-choles-
terol), total cholesterol, and triglycerides, creatinine, alanine
and aspartate aminotransferases (ALT and AST), C-reactive
protein (CRP), lymphocyte count, procalcitonin, lactate
dehydrogenase (LDH), ferritin, fibrinogen, and D-dimer
were obtained from the national database. Blood glucose
levels measured within 24 h of COVID-19 diagnosis were
recorded regardless of fasting state. Chest computerized
tomography (CT) results were available in the national
database and recorded as positive (bilateral distribution of
patchy shadows or ground-glass opacity) or negative for
COVID-19.

Definitions

Smoking was defined as currently smoking at the time of
the COVID-19 diagnosis. Hypertension, dyslipidemia,
chronic obstructive pulmonary disease (COPD), asthma,
heart failure, cardiovascular disease (CVD) (combined
coronary artery, peripheral artery, and cerebrovascular dis-
eases) were identified using the International Classification
of Diseases System-10 (ICD-10) codes. BMI was calculated
as the ratio of weight to the square of heights (kg/m?).
Obesity was defined as BMI 230 kg/m* Chronic kidney
disease was defined as a decreased estimated glomerular
filtration rate (eGFR: <60 mL/min/1.73 m?) based on the
CKD-EPI equation [12]. Renin—angiotensin system (RAS)
blocker use was defined as receiving any angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers with/without their combination forms. Patients
who did not have an ICD-10 code for type 1 diabetes or
T2DM in twelve months past or patients who had an HbAlc
value below 6.5% along with the absence of any anti-
hyperglycemic medication were defined as non-diabetic.
Patients with missing data were excluded.

Study outcomes

The primary outcome was mortality. The secondary out-
comes were the rates of hospitalization and ICU admission
and/or mechanical ventilation.

Statistical analyses

Numerical data were expressed as median (interquartile range-
IQR) and categorical variables as counts (1) and percentage (%).
Normality of distribution was assessed using the
Kolmogorov—Smirnov test. Differences between groups were
assessed using the Chi-square test for categorical variables and
the student’s #-test or the Mann—Whitney U test, as appropriate.
Univariate analyses were performed to evaluate the potential

variables associated with mortality, hospitalization, and ICU
admission, and/or mechanical ventilation and presented with an
odds ratio (OR) and 95% confidence intervals (CI). Multi-
variable logistic regression analysis was used to study the
independently associated risk factors of the three outcomes.
Variables with significant univariate association with the out-
comes and variables which could be potential predictors despite
the lack of significant univariate association were included in a
multivariate model. Hosmer-Lemeshow and the likelihood ratio
tests were used to assess final model fitting. Statistical sig-
nificance was defined as a two-sided p value of <0.05. All data
were analyzed using Statistical Package for the Social Sciences
(SPSS) for Windows 25.0 (SPSS Inc. 111 Chicago, IL).

Results
Basic characteristics

The median age of the study population (n=12,817) was 44
(25) years, and 50.9% was female. The demographic and
clinical parameters of the three groups are displayed in Table 1.
The percentage (number) of patients in group-1, 2, and 3 were
46.1% (n=>5911), 47.3% (n=16058), and 6.6% (n=848),
respectively. Median age, male sex, and mean BMI showed
increases from group 1 to group 3. The current smoking rates
in the groups were 21.2, 19.1, and 22.4%, respectively.

As shown in Table 1, most laboratory test results showed
a significantly worse direction from group-1 to group-3.
Notably, D-dimer, CRP, LDH, ferritin, and lymphopenia
that were more commonly referred to COVID-19 severity,
increased gradually across the groups. Only three laboratory
variables, total cholesterol, LDL-cholesterol, and fibrino-
gen, were not different from normal glucose to high glucose
group. Lung involvement on CT increased considerably
from group-1 to group-3.

The prevalences of hypertension, dyslipidemia, obesity,
asthma/COPD, heart failure, CVD, chronic kidney disease,
and cancer were significantly different among the three
groups, with more than double the increase in the fre-
quencies of CVD, heart failure, chronic kidney disease, and
medications in group 3 (Table 1). Similarly, the use of RAS
blockers, statins, and acetylsalicylic acid (ASA) was more
common in group-3.

Outcome analysis

There were significant differences in the primary and sec-
ondary outcomes across the groups. Mortality rate was
found to be 14% in group-3, which was significantly higher
than the mortality rate of 5% and 2.1% in group-2 and
group-1, respectively. Mortality was also significantly
higher in group-2 compared to group-1. Similar differences
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Table 1 Clinical and laboratory parameters of patients according to the different blood glucose levels

Group-1 Glucose
<100 mg/dl

Group-2 Glucose
100-139 mg/dl

Group-3 Glucose
140-199 mg/dl

Total available p
data

(n=5911, 46.1%) (n=6058, 47.3%) (n =848, 6.6%) (n=12,817)
Age, years, median (IQR) 35 (19)*** 45 (22)*** 55 (20) 12817 <0.001
Gender, female, n (%) 3137 (53.1)%** 3009 (49.7)*** 383 (45.2) 12817 <0.001
Smoking (current smoker - n,%) 952 (21.2) 832 (19.1) 125 (22.4) 9417 0.022
BMI, kg/m?, median (IQR) 25.5 (6.1) 27.2 (6.1) 28.4 (5.6) 1483 <0.001
Comorbid conditions
Hypertension, n (%) 1950 (33.0) 2739 (45.2) 503 (59.3) 12817 <0.001
Dyslipidemia, n (%) 601 (10.2) 849 (14.0) 178 (21.0) 12817 <0.001
Obesity, n (%) 121 (17.5) 187 (27.0) 34 (34.3) 1482 <0.001
Asthma/COPD, n (%) 1233 (20.9) 1561 (25.8) 271 (32.0) 12817 <0.001
Heart failure, n (%) 179 (3.0) 266 (4.4) 60 (7.1) 12817 <0.001
CVD, n (%) 868 (14.7) 1309 (21.6) 293 (34.6) 12817 <0.001
Chronic kidney disease, n (%) 306 (5.6) 551 (9.7) 125 (15.7) 11947 <0.001
Cancer, n (%) 309 (5.2) 384 (6.3) 88 (10.4) 12817 <0.001
Laboratory values
Chest CT on admission 1615 (29.2)%** 2126 (36.5)*** 354 (43.4) 12161 <0.001
consistent with COVID-19,
n (%)
Glucose, mg/dL, median (IQR) 90 (10) 110 (16) 152 (32) 12769 <0.001
Total cholesterol, mg/dL, 178 (58.7) 179.5 (66.1) 196 (68) 1141 0.151
median (IQR)
Triglycerides, mg/dL, 105 (90.5) 126 (98.5) 136 (103) 1556 0.003
median (IQR)
HDL-cholesterol, mg/dL, 48.7 (21.3) 45 (18) 47 (16.4) 1205 0.026
median (IQR)
LDL-cholesterol, mg/dL, 106.5 (46.8) 111.5 (58) 118 (53.9) 1090 0.235
median (IQR)
eGFR, ml/min/1.73 m?, 105.3 (53.1) 99.2 (48.6) 91.1 (54.1) 8563 <0.001
median (IQR)
AST>ULN, n (%) 311 (12.8) 526 (18.4) 104 (24.9) 5714 <0.001
ALT>ULN, n (%) 392 (16.2) 545 (19.2) 101 (24.3) 5684 <0.001
D-dimer >ULN, n (%) 374 (33.2) 429 (38.4) 85 (51.5) 2406 <0.001
CRP,>ULN, n (%) 1760 (49.3) 2405 (61.8) 390 (68.3) 8031 <0.001
Procalcitonin, >ULN, n (%) 35 (6.3) 51 (9.8) 21 (22.6) 1168 <0.001
Lactate dehydrogenase, >ULN, 620 (26.1) 976 (38.2) 168 (46.4) 5286 <0.001
n (%)
Ferritin, >100 ng/mL, n (%) 716 (42.8) 867 (52.4) 159 (67.4) 3565 <0.001
Fibrinogen, >ULN n (%) 176 (64.7) 199 (69.3) 35 (61.4) 616 0.351
Lymphopenia, Lym # <1000, 698 (17.1) 961 (22.7) 164 (29.1) 8869 <0.001
n (%)
Treatments
RAS blocker, n (%) 960 (16.2) 1601 (26.4) 330 (38.9) 12817 <0.001
Statin, n (%) 236 (4.0) 378 (6.2) 108 (12.7) 12817 <0.001
Acetylsalicylic acid, n (%) 701 (11.9) 1011 (16.7) 209 (24.6) 12817 <0.001

IQR interquartile range, BMI body mass index, CT computerized tomography, HDL-cholesterol high-density lipoprotein cholesterol, LDL-
cholesterol low-density lipoprotein cholesterol, eGFR estimated glomerular filtration rate, ULN upper limit of normal, AST aspartate amino
transferase, ALT alanine amino transferase, CRP C-reactive protein, Lym # lymphocyte count, COPD chronic obstructive pulmonary disease, CVD
cardiovascular disease, RAS renin—angiotensin aldosterone system

Post-hoc tests: *p <0.05 group-1 vs. group-2, **p <0.05 group-1 vs. group-3, ***p <0.05 group-2 vs. group-3
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Table 2 Primary and secondary outcomes according to the different blood glucose levels

p

Total available data
(n=12,817)

Group-3 Glucose 140-199 mg/dl

(n = 848, 6.6%)

Group-2 Glucose 100-139 mg/dl

(n = 6058, 47.3%)

Group-1 Glucose <100 mg/dl
(n=75911, 46.1%)

<0.001
<0.001

12817
8762

641 (75.6)
379 (59.1)

4282 (70.7)***

3839 (64.9)***

Hospitalization

2118 (49.5)***

1739 (45.3)***

Hospital stay more than 8§ days,

n (%)

<0.001

8748
1041

168 (26.4)
100 (59.5)
116 (69.0)
119 (14.0)

568 (13.3)%#

307 (8.0)#*

ICU admission, n (%)

0.005

288 (50.9)%#*

135 (44.0)%*

ICU stay more than 6 days, n (%)

0.001
<0.001

1043

342 (60.2)%#

160 (52.1)%#5

Mechanical ventilation, n (%)

Death, n (%)

12817

300 (5.0)%#*

123 2.1y

ICU intensive care unit

Post-hoc tests: *p <0.05 group-1 vs. group 2, **p <0.05 group-1 vs. group-3, ***p <0.05 group-2 vs. group-3

were also found in the rate of hospitalization, hospital stays
longer than the median duration (8 days), ICU admission,
ICU stay longer than the median duration (6 days), and
mechanical ventilation (Table 2).

Independent associations of mortality and
secondary outcomes

Multivariate analyses indicated that age (OR, 95% CI: 1.02,
1.01-1.02), lung involvement (OR, 95% CIL: 3.12,
2.58-3.77), lymphopenia (OR, 95% CI: 1.26, 1.03-1.55),
chronic kidney disease (OR, 95% CI. 1.62, 1.12-2.33),
cancer (OR, 95% CI:1.49, 1.02-2.18) and the use of ASA
(OR, 95% CI: 1.68, 1.24-2.27) were associated with the
risk of hospitalization (Table 3). In addition, age (OR, 95%
CIL: 1.07, 1.06-1.09), male gender (OR, 95% CI: 2.68,
1.73-4.15), lung involvement (OR, 95% CIL: 1.55,
1.04-2.32), glucose levels in the range of 140-199 mg/dl
(OR, 95% CI: 2.66, 1.41-5.00), lymphopenia (OR, 95% CI:
1.1.87, 1.25-2.80), CRP (OR, 95% CI: 3.11, 1.69-5.73),
hypertension (OR, 95% CI:1.95, 1.00-3.79) and chronic
kidney disease (OR, 95% CI:2.16, 1.40-3.35) associated
with mortality (Table 2). Also, age (OR, 95% CI: 1.04,
1.03-1.05), male gender (OR, 95% CI: 1.92, 1.46-2.53),
lung involvement (OR, 95% CI: 1.63, 1.25-2.13), glucose
level in the range of 140-199 mg/dl (OR, 95% CI: 2.26,
1.45-3.52), lymphopenia (OR, 95% CI:2.03, 1.54-2.66),
CRP (OR, 95% CI: 2.31, 1.67-3.20) and heart failure (OR,
95% CI: 1.94, 1.26-2.98) were significantly associated with
the composite of ICU admission and/or mechanical venti-
lation (Table 2).

The Kaplan—Meier graph of 30-day mortality curves in
the total sample is given in Fig. 2. The rate of mortality in
group 3 patients was significantly higher (Log-Rank test:
p <0.001) than in other groups.

Discussion

The present study showed that non-diabetic COVID-19
patients who had increased glucose levels at the time of
diagnosis were at increased risk of mortality, longer hos-
pitalization, ICU admission, and a need for mechanical
ventilation than patients with lower blood glucose. On the
other hand, glucose levels at the time of diagnosis was not
independently associated with the occurrence of hospitali-
zation. Additional variables such as age, male gender, lung
involvement, lymphopenia, CRP, hypertension, and chronic
kidney disease were associated with reduced survival in
non-diabetic patients with COVID-19 disease.

Many studies reported that diabetes mellitus, especially
T2DM, is one of the most frequent comorbidities in
COVID-19 patients [10, 11, 13-15]. The findings also
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Table 3 Adjusted ORs and 95% ClIs for different levels of blood glucose from multivariate logistic regression (dependent variables:

hospitalization, ICU admission and/or mechanical ventilation, and mortality)

Hospitalization

ICU Admission and/or

Mechanical Ventilation

Mortality

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Glucose < 100 mg/dl, ref.

Glucose 100-139 mg/dl - - 1.24 (0.93-1.66) 0.145 1.44 (0.91-2.29) 0.119
Glucose 140-199 mg/dl - - 2.26 (1.45-3.52) <0.001 2.66 (1.41-5.00) 0.002
Age 1.02 (1.01-1.02) <0.001 1.04 (1.03-1.05) <0.001 1.07 (1.06-1.09) <0.001
Gender, male ref. - - 1.92 (1.46-2.53) <0.001 2.68 (1.73-4.15) <0.001
CT findings of COVID-19 3.12 (2.58-3.77) <0.001 1.63 (1.25-2.13) <0.001 1.55 (1.04-2.32) 0.031
Lymphopenia (Lym# < 1000/micL) 1.26 (1.03-1.55) 0.027 2.03 (1.54-2.66) <0.001 1.87 (1.25-2.80) 0.002
CRP - - 2.31 (1.67-3.20) <0.001 3.11 (1.69-5.73) <0.001
Hypertension - - - - 1.95 (1.00-3.79) 0.049
Chronic kidney disease 1.62 (1.12-2.33) 0.010 - - 2.16 (1.40-3.35) 0.001
Heart failure - - 1.94 (1.26-2.98) 0.003 - -
Cancer 1.49 (1.02-2.18) 0.037 - - - -

Acetylsalicylic acid 1.68 (1.24-2.27) 0.001

ICU intensive care unit, OR odds ratio, CI confidence intervals, CT, computerized tomography, COVID-19 new coronavirus-19, CRP C-reactive

protein

Variables included in the multivariate analyses: Glucose levels <100 mg/dl, Glucose levels between 100-140 mg/dl, Glucose levels between
140-200 mg/dl, Age, Gender, Pulmonary CT findings of COVID-19, Hypertension, Dyslipidemia, Obesity, Asthma/COPD, Heart failure,
Cardiovascular disease, Chronic kidney disease, Cancer, Lymphopenia, RAS blockers + combinations, Statins, Acetylsalicylic acid (only the

significant associates were given in the table)

indicated that hyperglycemic state in patients is very
important in the prognosis of COVID-19 disease. Further-
more, some recent studies reported that glycemia levels on
hospital admission had a negative impact on the prognosis
of COVID-19 disease in non-diabetic patients
[5, 6, 8, 9, 16]. With one of the largest patient groups, the
present study showed that hyperglycemia at the time of
COVID-19 diagnosis in non-diabetic patients was an inde-
pendent predictor of mortality and the composite endpoint
of ICU admission and/or mechanical ventilation. Especially,
glucose levels in the range of 140-199 mg/dl increased the
mortality 2.7 fold and the rate of ICU admission and/or
mechanical ventilation 2.3 fold, compared to normoglyce-
mia. However, glucose levels in the range of 100-139 mg/dl
had no effect on these outcomes. Our results are consistent
with the findings of other studies which showed increased
mortality due to hyperglycemia in non-diabetic patients
with COVID-19 disease [5-9]. However, each of these
studies used different criteria to identify the non-diabetic
patients and also used the various thresholds to define
hyperglycemia when investigating the effect of glycemia
levels. Therefore, there may be some methodological issues,
especially in identifying non-diabetic patients and in
defining hyperglycemia levels in these studies. For instance,
in the study by Coppeli et al., the normoglycemia group was
defined as the patients who had glucose levels <140 mg/dl

@ Springer

[7]. It can be speculated that there may be the probability of
having undiagnosed diabetes patients in the normoglycemia
group. Also, in another recent study by Carrasco et al.,
hyperglycemia groups were defined as patients who had
glycemia levels in the range of 140-180mg/dl, and
>180 mg/dl [9]. Similarly, Bode et al., defined hyperglyce-
mia in patients without diabetes as two or more blood
glucose levels >180 mg/dL occurred within any 24-hour
period with an HbAlc<6.5% or no HbAlc testing per-
formed during hospitalization [5]. In both studies, hyper-
glycemia in non-diabetic patients was significantly
associated with increased mortality compared to patients
with normoglycemia. However, diabetes mellitus diagnosis
may be missed in a significant proportion of patients with
glycemia levels above 180 mg/dl in both studies. In the
current study, we used the glucose cut-off levels for nor-
moglycemia as <100 mg/dl and did not include the glucose
values above 200 mg/dl in order to eliminate false nega-
tivity regarding the diagnosis of diabetes. In addition, we
excluded patients who wuse antidiabetic drugs, have
HbAlc26.5%, and have a diagnosis of diabetes with an
ICD-10 diagnostic code. Therefore, we think that we had a
very homogeneous patient population in order to demon-
strate the effect of hyperglycemia in non-diabetic patients.

It is not surprising that hyperglycemia was associated
with mortality in non-diabetic patients with COVID-19
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Fig. 2 Survival analyses of
patients according to different
blood glucose levels
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disease. Many studies reported that patients with pre-
diabetes had increased risk of mortality and cardiovascular
diseases [17]. It is also well known that hyperglycemia
affects mortality in critical illnesses [18]. Also, previous
studies have reported that hyperglycemia was associated
with mortality in SARS and the Middle East respiratory
syndrome (MERS) [19, 20]. There is a bidirectional rela-
tionship between hyperglycemia and SARS-CoV-2 infec-
tion. SARS CoV-2 uses the angiotensin-converting enzyme
2 (ACE-2) as the receptor for entry into the cells. Hyper-
glycemia classically impairs the immune system response
by affecting neutrophilic chemotaxis and phagocytosis, but
in SARS-CoV-2 infection, it may also increase the
expression of the ACE-2 receptors and cause a suscept-
ibility [21, 22]. Since the ACE-2 receptors are present in
other organs too that regulate glucose hemostasis, it is also
possible for SARS CoV-2 to cause hyperglycemia affecting
these organs [21]. One of the causes of hyperglycemia in
the course of COVID-19 disease may be stress hypergly-
cemia, which is frequently seen in various severe acute
diseases and can be defined as transient elevation of blood
glucose due to disease stress [23]. Although the underlying
mechanisms are not fully elucidated, our results support the
negative effect of hyperglycemia on the prognosis of
COVID-19 disease.

It has been also shown that diabetes is an important risk
factor for hospitalization in COVID-19 disease [24], but the
effect of hyperglycemia for hospitalization of non-diabetic
patients is unknown. Unlike other studies, the present study
is the first one using random glycemia levels at the time of
COVID-19 diagnosis to search for the effect of hypergly-
cemia levels on the prognosis of COVID-19 disease. This
method eliminates the increase in glucose levels due to
inflammation that may occur during the course of COVID-
19 disease or hyperglycemia that may develop secondary to

4992 4946 4899 4877 4859 4846
6349 6197 6096 6018 5974 5952
1842 1759 1692 1650 1629 1615

drug use such as steroid therapy. Also, the use of glucose
values at the time of diagnosis gave the opportunity to
demonstrate the effect of hyperglycemia on hospitalization
rates for the first time. Despite the striking effects of
hyperglycemia on the clinical severity of COVID-19 dis-
ease, no effect was found on the hospitalization rates
compared to normoglycemia levels. The possible reason for
this result may be related to the hospitalization policy of the
Ministry of Health, at the beginning of the pandemics.
Patients, especially those with chronic diseases were hos-
pitalized regardless of the symptom severity according to
this policy.

There may be several limitations of the current study.
First of all, the cross-sectional nature of the study may
preclude the cause-effect relationship between clinical and
laboratory parameters and outcomes. Also, there may be
residual or unmeasured confounding factors. Second,
although strict criteria have been used to identify non-
diabetic patients, there is also the possibility of undiagnosed
patients with diabetes in the groups. To eliminate the risk of
misclassification of patients with diabetes mellitus into the
study, we performed a targeted database search to identify
any anti-hyperglycemic prescription in 12 months past.
Additional to this limitation, we were not able to identify in
the database whether glucose measurement was performed
at a fasting state or random. Therefore, the present sample
does not successfully represent the population with pre-
diabetes. On the other hand, this may also be meaningful
within the real-world conditions as most COVID-19
patients undergo blood sampling at any time of the day,
though services may differ in other countries. Third, as the
data obtained from the electronic data recording system of
the Ministry of Health, some missing data could have a
potential impact on the results. However, we believe that
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large patient population and the strict inclusion and exclu-
sion criteria are the important strength of the present study.
In conclusion, this study demonstrated that glycemia
levels especially in the range of 140-199 mg/dL at the time
of COVID-19 diagnosis significantly increased the rates of
ICU admission and/or a need for mechanical ventilation and
mortality in non-diabetic patients. However, hyperglycemia
was not found to have an impact on hospitalization rates. In
the light of these findings, clinicians should be more careful,
especially in the treatment of non-diabetic COVID-19
patients who had hyperglycemia at the time of diagnosis.
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