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Abstract

Background: Hyperglycemia is an important predictor of prolonged hospita-
lization and mortality. The objective of this study was to analyze the role of
early hyperglycemia in predicting the severity of COVID-19 illness and mor-
tality. Method: Retrospective study on 259 patients with COVID-19 with
measurement of average glucose during 24 hours of admission. Association of
Early Hyperglycemia categorized as <180 mg/dl or >180 mg/dl; was studied
with mortality, requirement of ICU stay and prognostic markers. Results:
Early hyperglycemia (>180 mg/dl) revealed a higher median value for CRP
(109 mg/l [IQR; 48 - 199]) in comparison to <180 mg/dl group (86 mg/l
[IQR; 26.3 - 153]) p = 0.03. ICU stay was higher in >180 mg/dl group; 24
(15.9%) vs 14 patients (13%) [p = 0.51] in the <180 mg/dl group. Mortality in
the group > 180 mg/dl was 8 (5.3%) while <180 mg/dl had a mortality rate of
4 (3.7%) [p = 0.547]. Conclusion: Hyperglycemia in the first 24 hours may
anticipate an increased risk of ICU stay and a higher mortality rate. It may be
a possible predictor of disease severity.
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1. Introduction

The coronavirus disease of 2019 (COVID-19) has a diverse spectrum of clinical
presentation, ranging from patients being completely asymptomatic carriers to
exceedingly severe outcomes such as acute respiratory distress syndrome
(ARDS) and multi-organ failure, necessitating ventilatory support and critical
care [1]. While Chinese cohort studies demonstrated an intensive care unit
(ICU) admission rate of 7% - 26%, the numbers ranged between 5% - 12% of to-
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tal positive SARS-CoV-2 cases in Italy [2] [3]. Presence of comorbidities such as
diabetes mellitus, hypertension, chronic obstructive pulmonary disease (COPD)
and coronary artery disease (CAD) are independent risk factors for disease pro-
gression, in addition to age over 65 and male sex [4].

Admission hyperglycemia plays an important role in predicting mortality in
hospitalized patients with COVID-19 [5]. It is also associated with increased in-
cidence in mechanical ventilation and requirement of ICU stay [6]. Various me-
ta-analyses done in different centers have recognized diabetes mellitus as signif-
icant comorbidity in COVID-19 [7] [8]. Paramount significance is the greater
incidence of poor outcomes associated with diabetes mellitus, demonstrated by
44.5% of diabetics developing severe disease [7]. Similar findings have been re-
flected in a single-center, retrospective, observational study in China, where 22%
of critically-ill COVID-19 patients who did not survive were diabetic [2]. Di-
abetes was reported in a greater proportion of critical and deceased patients in
comparison to non-critical patients, reiterating the role of diabetes as a signifi-
cant marker of poorer outcomes [9].

Early hyperglycemia as defined by high blood sugars (>180 mg/dl) on admis-
sion and during the initial 24 hours of admission, is postulated to affect the
prognosis of these patients. This study aims at identifying the link between early
hyperglycemia and the requirement of intensive care as well as with the mortali-
ty rate of the patients admitted with COVID-19. We postulate that early hyper-
glycemia may indirectly reflect the disease course and severity. If so, then timely
intervention aimed at achieving optimal glucose control will promote better
outcomes. Ascertaining the association between admission hyperglycemia and
duration of hospital stay gives us the dual benefit of identifying uncontrolled
blood sugars as a prognostic marker of COVID-19 severity and being able to in-
itiate early and aggressive blood sugar control regimens, thereby reducing com-

plications and improving patient outcomes.

2. Objectives

Primary

To explore the association between early hyperglycemia and adverse outcomes
as measured by requirement of intensive care (ICU) and all causes of in-hospital
mortality.

Secondary

To correlate the levels of prognostic markers such as C-reactive protein (CRP)
and D-dimer in these patients to reflect the inflammatory and prothrombotic

state in patients with adverse outcomes.

3. Methods
3.1. Materials and Methods

This retrospective observational study included a total of 259 patients from one

of the largest tertiary care centers in Dubai, United Arab Emirates caring for
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COVID-19 patients. Relevant data were collected from the electronic medical
system.

Patients were included on the basis of World Health Organization (WHO)
case definition of COVID-19 with laboratory confirmation of SARS-CoV-2 by
real-time polymerase chain reaction (RT-PCR) of nasopharyngeal swabs or en-
dotracheal aspirates, which were either known to be diabetic or presented with
an HbA1C above 6.5%. Patients with no previous history of diabetes and HbA1lc
< 6.5% were excluded.

Blood glucose levels on admission and early blood glucose profile, defined as
the mean of the blood glucose values in the first 24 hours of admission were col-
lected. Hemoglobin A1C and prognostic markers such as C-reactive protein
(CRP) and D-dimer were recorded. Duration of hospital stay and ICU stay was
extracted. The primary endpoint was measured by all causes of in-hospital mor-
tality and requirement of ICU stay.

Early blood glucose profile was categorized into two groups defined as average
glucose < 180 mg/dl or >180 mg/dl. The subgroup was analyzed based on these
two categories with two studied outcomes as defined by presence of mortality

and requirement of ICU stay respectively.

3.2. Statistical Analysis

Continuous variables were presented as mean + SD or median (Q1, Q3) as ap-
propriate, and categorical data was organized into frequency and percentages.
Independent sample t-test and Mann Whitney test were used for studying nu-
merical data for the categories of average blood glucose < 180 mg/dl or <180
mg/dl as appropriate. Chi-squared analysis was used for studying the categories
of glucose level with the categories of ICU stay and mortality. All tests were
two-tailed and the p-value was considered significant at <0.05. Data entry and
statistical analysis were carried out with SPSSv20.0 (IBM Corp, Armonk, NY,
US). This study was approved by the Research and Ethical approval committee
of Dubai Health Authority with reference number DSREC-06/2020_67.

4. Results

4.1. General Characteristics of Patients

In the 259 cases studied, 224 (86.5%) were male. The mean age for our study
sample was 50.5 + 12.3 years. Median glucose on admission was 204 mg/dl [IQR;
145 - 285 mg/dl] and the mean HbAlc was 8.8% * 2.5%. Median glucose in the
first 24 hours was 205 mg/dl (139 - 259). The median duration of hospitalization
for the study sample was 13 days [IQR; 7 - 19 days]. 38(14.7%) required ICU
care during admission. Median duration of stay in ICU for such patients was
20.5 days [IQR; 13.7 - 28 days]. Laboratory parameters revealed a median C
reactive protein of 98 [IQR; 35 - 183] and a median d dimer value of 1.1 [IQR;
0.54 - 2.5]. Mortality was noted in 12 (4.65) of the patients. Baseline characteris-
tics of all study subjects are presented in Table 1.
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4.2. Hyperglycemia and COVID-19

No consistent association between early hyperglycemia and the overall duration
of hospitalization could be demonstrated. However, patients with early glycemic
levels above 180 mg/dl demonstrated both a greater incidence of requiring in-
tensive care and a longer duration of ICU stay.

24 patients (15.9%)] of the group with glucose > 180 mg/dl required ICU care
vs 14 patients (13%)] [p = 0.51] in the group with glycemic levels < 180 mg/dl.
Patients with an early average blood glucose levels > 180 mg/dl were noted to
have longer duration of ICU stay; 21 days [16.3 - 28.8 days] in comparison to 17
days [10.8 - 27.3] in the other group, (p = 0.44) (Table 2).

Table 1. General characteristics of the study sample (n = 259).

Male Gender 224 (86.5)
Age (years ) 50 £12.3
Duration of stay in hospital in days 13 (7 -19)
Patients requiring ICU stay 38 (14.7)
Duration of ICU stay 20.5 (13.7 - 28)
Admission glucose 204 (145 - 285)
Average Glucose over initial 24 hours 205 (139 - 259)
Hbalc 88+2.5
C-reactive protein 98 (35 - 183)
D-dimer 1.1 (0.55 - 2.5)
Deceased 12 (4.6)

n is the number of cases, percentages expressed in parenthesis; normal distribution ex-
pressed as mean with standard deviation; skewed data as median with interquartile range.

Table 2. Comparison of study parameters based on average glucose in the initial 24 hours.

Glucose < 180 mg/dl  Glucose > 180 mg/dl

n=108 n=151 p value

Male Gender 94 (87) 130 (86.1) 0.83

Age (years ) 50.7 £ 12.6 50.4 +12.1 0.85

Duration of stay in hospital in days 12.5 (7 - 18.7) 13 (7 - 20) 0.7

Duration of ICU stay 17 (10.8 - 27.3) 21 (16.3 - 28.8) 0.44
Admission glucose 156.5 + 50.5 292 +150.1 <0.001
Average Glucose over initial 24 hours 134.8 +23.7 267.3+73.5 <0.001
Hbalc 7316 99126 <0.001

C-reactive protein 86 (26.3 - 153) 109 (48 - 199) 0.03

D-dimer 0.97 (0.5 - 2) 1.2 (0.6 - 2.8) 0.15

n is the number of patients, normal data as mean + standard deviation; skewed data as median (inter-
quartile range).
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Prognostic markers were noted to be higher in the early hyperglycemia group
with a median C reactive protein: 109 [IQR; 48 - 199] in comparison to 86 [IQR;
26.3 - 153] in the group with early blood glucose profile < 180 mg/dl (p = 0.03).
Median D dimer was 1.20[IQR; 0.6 - 2.8] in comparison to 0.97 [IQR; 0.5 - 2.0]
in the group with <180 mg/dl (p = 0.154).

Chi square analysis revealed higher rate of mortality in the group > 180 mg/dl;
8 (5.3%) while the group with glycemic levels < 180 mg/dl had a mortality of 4
(3.7%) [p = 0.547] (Table 3)

5. Discussion

Our study observed the glucose readings in the initial 24 hours; this group was
least likely to be affected by management with steroids. It was judged to be a
more reliable reflection of the initial hyperglycemia in comparison to isolated ad-
mission glycemic reading. Early hyperglycemia could be explained by pre-existing
uncontrolled diabetes or non-compliance to medications and in the light of pan-
demic; due to lack of access to medications. Nevertheless, role of stress hyper-
glycemia or new-onset diabetes cannot be understated [5]. In our population,
the group without early hyperglycemia was noted to have a lower mean HbAlc
which may indicate that prior glycemic control plays a role in the progression of
the disease.

The group with early hyperglycemia had worse prognostic markers and
in-hospital mortality. This indicates that higher glycemic levels during the initial
hours may predict a poorer course of the disease. Admission hyperglycemia has
been studied as a predictor of survival and risk of in-hospital complications and
has been associated with increased mortality risks in acute coronary syndrome
and in sepsis [10] [11]. Admission hyperglycemia has been studied as a predictor
of radiographic imaging in COVID-19 patients, with acute hyperglycemia lead-
ing to the development and progression of ARDS in these patients [12]. A re-
cent, retrospective analysis in Wuhan, China involving 605 COVID-19 patients
without a prior diagnosis of diabetes demonstrated that the 28-day mortality was
three-fold higher in patients with raised fasting glucose on admission (greater
than or equal to 7 mmol/l), thus establishing admission hyperglycemia as an in-
dependent predictor of 28-day mortality [13]. Our study was able to reflect con-

cordant findings but couldn’t achieve statistical significance.

Table 3. Chi-squared analysis of glucose levels with ICU stay and mortality.

Glucose < 180 mg/dl  Glucose > 180 mg/dl p value

Deceased Yes 4(3.7) 8 (5.3) 0.547
No 104 (96.3) 143 (94.7)

Required ICU stay Yes 14 (13) 24 (15.9) 0.511
No 94 (87) 124 (84.1

Number in parenthesis indicates percentage.
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In our study, the presence of complicated disease course was studied by look-
ing into the incidence of intensive care unit stay and mortality rates in patients
with early hyperglycemia. 8 out of 151 (5.3%) patients with early hyperglycemia
died during hospital stay while the mortality rate stood at 3.7% in patients with-
out early hyperglycemia, which is suggestive of raised mortality risk in patients
who present with uncontrolled blood sugars. Poorer outcomes were also dem-
onstrated in this group of patients with 15.9% requiring intensive care unit stay
vs 13% of patients with average blood glucose < 180 mg/dl requiring critical
care.

The role of specific biomarkers as predictors of disease severity is crucial in
early identification and risk stratification in COVID-19 patients, and helps to fa-
cilitate early and appropriate intervention measures. Elevated C-reactive protein
(CRP), procalcitonin, D-dimer and ferritin were linked to composite poor out-
comes reflected by mortality, severe disease, ARDS and need for ICU care in
COVID-19 patients [14]. In our study, we aimed to analyze the contribution of
uncontrolled blood sugars in worsening the inflammatory and thrombotic state
in COVID-19 by comparing the levels of CRP and D-Dimer in patients with and
without early hyperglycemia. While hyperglycemia is still not widely accepted as
a biomarker of severity, acute increase in blood sugars have been associated with
a concomitant increase in inflammatory mediators such as IL-6 and D-dimer
[15], which have been documented in COVID-19 patients with hyperglycemia.
This is supported by the findings of our study, with a higher level of D-dimer
being noted in patients with high early blood glucose profiles. In addition, pa-
tients with early hyperglycemia had a higher level of CRP that achieved statistic-
al significance. Admission hyperglycemia may hence be a simple but significant
predictor of the underlying inflammatory state in diabetic COVID-19 patients

and should prompt aggressive blood sugar control strategies

Limitations

This was a retrospective study with information extracted from records. It was a
single-center study. A multi-center study would be able to derive more conclu-
sive data to support these findings. Other markers of inflammation were not
studied which may have provided further light on this relationship. We have
judged ICU stay as an indicator of severity which holds true for the majority of
COVID-19 cases but also envelops the minority which may have required ICU
care for reasons other than COVID-19. Confounding factors like chronic lung
disease and hypertension; which may play a role in prognosis, were not adjusted
in the results. This may have an impact on the findings but does not eliminate a

relationship between hyperglycemia and COVID-19 severity.

6. Conclusion

Admission and early hyperglycemia may be used as a prognostic factor, affecting
the course and outcome of the diabetic patients admitted with COVID-19 infec-
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tion. It is an early warning sign correlating with the outcome in diabetic patients
with COVID-19 and may determine the outcome as uncontrolled blood sugars
could worsen the inflammatory and pro-thrombotic state and results in greater
morbidity and mortality. The role of blood sugars on admission needs to be stu-
died further as a cheap and simple biomarker in Diabetic COVID-19 patients
and should be used to raise vigilance and early intervention. Prolonged hospita-
lization and intensive care stay are reflectors of complex disease courses and in-
crease the risk of further complications including hospital-acquired infections.
The role of admission hyperglycemia, as a marker of severity in COVID-19, is a
matter of great interest and potential, as it can provide an early clue in regard to

patient prognosis.
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