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Abstract

Introduction With intense deficiency of medical resources
during COVID-19 pandemic, risk stratification is of
strategic importance. Blood glucose level is an important
risk factor for the prognosis of infection and critically ill
patients. We aimed to investigate the prognostic value of
blood glucose level in patients with COVID-19.
Research design and methods We collected clinical
and survival information of 2041 consecutive hospitalized
patients with COVID-19 from two medical centers in
Wuhan. Patients without available blood glucose level were
excluded. We performed multivariable Cox regression to
calculate HRs of blood glucose-associated indexes for the
risk of progression to critical cases/mortality among non-
critical cases, as well as in-hospital mortality in critical
cases. Sensitivity analysis were conducted in patient
without diabetes.
Results Elevation of admission blood glucose level was
an independent risk factor for progression to critical cases/
death among non-critical cases (HR=1.30, 95% CI 1.03 to
1.63, p=0.026). Elevation of initial blood glucose level of
critical diagnosis was an independent risk factor for in-
hospital mortality in critical cases (HR=1.84, 95% CI 1.14
to 2.98, p=0.013). Higher median glucose level during
hospital stay or after critical diagnosis (≥6.1 mmol/L)
was independently associated with increased risks of
progression to critical cases/death among non-critical
cases, as well as in-hospital mortality in critical cases.
Above results were consistent in the sensitivity analysis in
patients without diabetes.
Conclusions Elevation of blood glucose level predicted
worse outcomes in hospitalized patients with COVID-19.
Our findings may provide a simple and practical way to risk
stratify COVID-19 inpatients for hierarchical management,
particularly where medical resources are in severe
shortage during the pandemic.

Background
The pandemic of COVID-19 is a global
health crisis,1 with the number of confirmed
cases worldwide reaching over 3 million and
counting,2 as well as an overall case fatality
rate of 2.3%–9.9% and mortality as high as

Significance of this study
What is already known about this subject?
►► Previously published articles found that age, gen-

der, comorbidities, lymphocyte counts, C reactive
protein, procalcitonin, D-Dimer and other cytokines
were associated with prognosis of patients with
COVID-19. However, the effect of blood glucose level
on prognosis was never reported.

What are the new findings?
►► Elevation of admission blood glucose level was an

independent risk factor for progression to critical
cases/death among non-
critical cases (HR=1.30,
95% CI 1.03 to 1.63, p=0.026). Elevation of initial blood glucose level of critical diagnosis was
an independent risk factor for in-hospital mortality in critical cases (HR=1.84, 95% CI 1.14 to 2.98,
p=0.013). Higher median glucose level during hospital stay or after critical diagnosis (median glucose
≥6.1 mmol/L) was independently associated with increased risks of progression to critical cases/death
among non-
critical cases, as well as in-
hospital
mortality in critical cases.

How might these results change the focus of
research or clinical practice?
►► Our findings may provide a simple and practical way

to risk stratify COVID-19 inpatients for hierarchical
management, particularly where medical resources
are in severe shortage during the pandemic.

49% in critical cases.2–4 Faced with its rapid
spread, medical resources, especially for
intensive care units (ICUs), are being heavily
taxed to the point of near depletion in many
countries. Therefore, one of the pressing
challenges in its management is the prompt
and accurate prognostication of patients with
COVID-19 based on their likelihood to progress into critical or life-
threatening conditions. Risk stratification would be of immense
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help for clinicians as well as health administrative authorities worldwide to capitalize their limited resources in
their response to the outbreak.5
However, there was still no universally feasible laboratory index to predict the prognosis of patients with
COVID-19, particularly during such a large-scale infectious disease outbreak setting. Blood glucose level is a
routine test that can be carried out in virtually all clinical settings. Among patients with COVID-19, 45.2%
had anomalies in blood glucose levels.3 Previous studies
showed that stress hyperglycemia was an independent
risk factor associated with worse outcomes among critically ill patients.6 In addition, hypoglycemia may lead to
cardiovascular events, also conferring a harmful effect on
prognosis.7 We therefore speculated that blood glucose
levels may have predictive value on COVID-19 prognosis.
In our current study, we reviewed 2041 patients with
COVID-19 from two medical centers in Wuhan City
and explored the effects of blood glucose levels on the
outcomes of progression to critical cases and in-hospital
mortality. We sought to identify an instant and simple
approach for risk stratification and hierarchical management of COVID-19 in all clinical settings.
Research design and methods
Study population
Consecutive inpatients with COVID-19 from Wuhan
Hankou Hospital and No. Six Hospital of Wuhan between
26 December 2019 and 15 March 2020 were collected in
this study. The final follow-up date was 19 March 2020.
Patients without available blood glucose test results were
excluded from our study. The disease severity (critical or
non-critical) was evaluated dynamically from the admission to the discharged. Critical patients were those who
met any of the following conditions during the whole
hospital stay: (1) respiratory failure requiring mechanical ventilation; (2) failures of other organs that required
monitoring and treatment in ICU; and (3) shock.8
Informed consent was waived.
Data collection and definition
We collected the patients’ clinical data, including demographic information, medical history, laboratory findings, treatment and prognosis. Admission blood glucose
level was measured from the first blood sample after
admission. The initial blood glucose level of critical
diagnosis was defined as the first blood glucose level
after being diagnosed as critical case. We used occurrence of hypoglycemia, median blood glucose, glucose
coefficient of variation, maximum blood glucose and
minimum blood glucose to evaluate in-hospital blood
glucose status. The level of median blood glucose during
hospital stay or after critical diagnosis was categorized
into <6.1 mmol/L and ≥6.1 mmol/L.9 Hyperglycemia was
defined as blood glucose level ≥6.1 mmol/L after admission.10 Hypoglycemia was defined as blood glucose level
below 4.0 mmol/L after admission.11
2

Study outcomes
For non-critical patients at admission, we used a composite
outcome to analyze the association between glucose-
relevant indexes and the risk of progression to critical
cases/death. The composite outcome was reached when
any of the following outcomes occurred, which included
admission to ICU, mechanical ventilation, hemodynamic compromise or death. The time to the composite
outcome was identified as the interval from admission to
the first occurrence of the composite outcome during
hospital stay. For critical patients, we evaluated the
predictive performances of glucose-associated indexes in
in-hospital mortality. The time from critical cases to death
was defined as the time interval from the date diagnosed
as critical cases to the date of death from any cause.
Statistical analysis
All continuous variables were tested for normality. Data
were expressed as mean and SD if normally distributed
or as median and IQR otherwise. The categorical variables were presented as frequencies and percentages.
Cox proportional hazard regression models were applied
to evaluate the association between the multiple blood
glucose indexes and prognosis. This multivariable analysis was adjusted for all factors included in the univariable analysis. The HRs and 95% CIs of Cox regression
models were reported. Because patients with diabetes
generally had higher glucose levels and poor outcomes
than that of patients without diabetes, which may result
in bias in evaluating the relationship of glucose levels with
the rate of progression to critical cases/death or in-hospital mortality. Therefore, in the present study, sensitivity analysis was conducted to evaluate the association
of admission blood glucose level with the risk of critical
cases/death among non-critical patient without diabetes
at admission. Similar analyses were also performed to
evaluate the association of initial blood glucose level of
critical diagnosis with in-hospital mortality among critical
patients without diabetes. We used Stata/MP V.14.0 and
R software (V.3.6.1) to conduct data analyses, and two-
sided p values less than 0.05 were considered significant.
Results
Baseline characteristics
From 26 December 26 2019 to 15 March 2020, a total
of 2289 cases of hospitalized patients with COVID-19
were consecutively collected from two medical centers
in Wuhan, China. After exclusion of cases without available blood glucose data (n=248), a total of 2041 cases of
hospitalized patients with COVID-19 were collected. The
median glucose determination number was 2 (IQR 1–4)
for all patients during the whole hospitalization with a
median in-hospital stay of 13.5 days (IQR 7.8–20.9), and
the determination number of fasting blood glucose for all
patients was 2 (IQR 1–3). Among all cases, 697 patients
were critical cases, 30.1% (210/697) patients were diagnosed as critical cases at admission, 49.6% (346/697)
BMJ Open Diab Res Care 2020;8:e001476. doi:10.1136/bmjdrc-2020-001476
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Figure 1

Flow chart of the inclusion and exclusion of patients with COVID-19. ICU, intensive care unit.

patients were developed among non-
critical cases at
admission and 20.2% (141/697) patients were diagnosed
as critical cases but the exact time of being diagnosed as
critical cases was missing. A total of 1690 patients were
non-critical at admission. A detailed flow chart was shown
in figure 1. Baseline characteristics of all 2041 cases were
shown in online supplementary table S1. Table 1 showed
the baseline characteristics of non-
critical patients at
admission and critical cases at the time of critical diagnosis. For non-critical patients at admission, the median
age was 61.0 years (IQR 50.0–69.0) and 865 (51.2%)
were female. The median admission blood glucose was
5.9 mmol/L (IQR 5.1–7.5). Median in-hospital stay was
13.3 days (IQR 7.7–20.9). For critical cases, the median
age was 65.0 years (IQR 54.0–73.0), and 322 (46.2%)
patients were women. Median initial blood glucose level
of being diagnosed as critical cases was 6.9 mmol/L (IQR
5.7–8.7). Median in-
hospital stay was 15.8 days (IQR
8.4–23.1). The 30-day in-hospital mortality was 14.6% for
all patients.
Blood glucose level was an independent risk factor for
progression to critical cases/death among non-critical cases
For 1690 non-critical cases at admission, 382 (22.6%)
patients developed into critical cases/death. The 30-day
rate of progression to critical cases/death among non-
critical cases at admission is 28.9%. Results of univariable
regression model showed that age, gender, hypertension,
diabetes, chronic kidney disease, admission white cell
counts, lymphocyte counts, D-Dimer, aspartate aminotransferase, alanine aminotransferase, insulin treatment,
corticosteroid use, admission blood glucose, glucose coefficient of variation (CV), median blood glucose, median
BMJ Open Diab Res Care 2020;8:e001476. doi:10.1136/bmjdrc-2020-001476

in-hospital glucose level, maximum blood glucose and
minimum blood glucose were significantly associated
with progression from non-critical cases to critical cases/
death (p<0.05) (online supplementary table S2). In the
multivariable Cox model, admission blood glucose level
was an independent risk factor for progression to critical
cases/death (HR=1.30, 95% CI 1.03 to 1.63, p=0.026)
(table 2). For other glucose-associated indexes, multivariable Cox models showed that the median blood glucose
(HR=1.09, 95% CI 1.06 to 1.12), glucose CV (HR=2.40,
95% CI 1.10 to 5.25, p=0.028), maximum blood glucose
(HR=1.07, 95% CI 1.04 to 1.09) and minimum blood
glucose (HR=1.07, 95% CI 1.04 to 1.10) were significant
independent risk factors for progression to critical cases/
death (figure 2A). We found that higher median in-hospital glucose level was independently associated with
the higher rate of progression to critical cases/death
among non-critical cases (HR=2.25, 95% CI 1.78 to 2.84,
p<0.001). Sensitivity analysis were performed in patients
without diabetes, and multivariable regression model
showed that the independent risk factors were the same
to the analysis in all cases. Details were shown in online
supplementary figure S1A.
Blood glucose level was an independent risk factor for inhospital mortality in critical cases
As for the 697 critical cases, the time of critical diagnosis
was available in 556 patients who were enrolled into the
univariable and multivariable analysis. One hundred and
fifty-one out of 556 patients died. The 30-day in-hospital
mortality for critical cases is 30.9%. Univariable analysis revealed that age, gender, smoking history, admisDimer,
sion white cell counts, lymphocyte counts, D-
3
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Table 1 Demographics and baseline characteristics of non-critical patients with COVID-19 at admission and critical patients
with COVID-19 at the time of critical diagnosis
Variables

Non-critical patients (n=1690)

Critical patients* (n=697)

Gender (female), n (%)
Age (years), median (IQR)

865 (51.2)
61.0 (50.0–69.0)

322 (46.2)
65.0 (54.0–73.0)

Diabetes, n (%)

206 (12.2)

126 (18.1)

Hypertension, n (%)

418 (24.7)

244 (35.0)

Chronic obstructive pulmonary disease, n (%)

51 (3.0)

34 (4.9)

Cancer†, n (%)

22 (1.3)

12 (1.7)

Chronic kidney disease, n (%)
Smoking history, n (%)

33 (2.0)

25 (3.6)

230 (13.6)

137 (19.7)

Admission glucose (mmol/L), n (%)

5.9 (5.1 to 7.5)

–

 Normal (<6.1)

916 (54.2)

–

 Hyperglycemia (≥6.1)

774 (45.8)

–

Initial glucose (mmol/L) ‡, n (%)

–

 Normal (<6.1)

–

 Hyperglycemia (≥6.1)

–

Occurrence of hypoglycemia, n (%)

6.9 (5.7 to 8.7)
170 (33.7)
334 (66.3)
79 (4.7)

26 (5.2)

 <6.1

973 (57.6)

166 (32.9)

 ≥6.1

717 (42.4)

338 (67.1)

Median blood glucose, n (%)

Median glucose (mmol/L), median (IQR)

5.8 (5.1–7.1)

6.9 (5.7–8.5)

Glucose coefficient of variation, median (IQR)

0.2 (0.1–0.3)

0.2 (0.1–0.3)

Maximum glucose (mmol/L), median (IQR)

6.7 (5.4–8.8)

8.4 (6.6–11.4)

Minimum glucose (mmol/L), median (IQR)

5.2 (4.6–6.2)

5.7 (4.7–7.2)

Admission white blood cell counts (109/L), median (IQR)

5.3 (4.1–6.9)

5.7 (4.3–8.1)

9

Admission lymphocyte counts (10 /L), median (IQR)

0.9 (0.7–1.4)

0.8 (0.6–1.2)

Admission D-Dimer (mg/L), median (IQR)

0.4 (0.2–0.8)

0.5 (0.3–1.1)

25.3 (18.0–38.0)

29.6 (19.6–46.7)

Admission AST (U/L), median (IQR)
Admission ALT (U/L), median (IQR)

23.0 (15.6–36.0)

24.7 (17.0–39.6)

Admission creatinine (μmol/L), median (IQR)

69.0 (57.0–84.0)

72.5 (59.9–95.0)

Corticosteroid use, n (%)

653 (38.6)

373 (53.5)

Insulin use, n (%)

198 (11.7)

135 (19.4)

1601 (94.7)

682 (97.8)

Mechanical ventilation, n (%)

328 (19.4)

564 (80.9)

Admission to ICU, n (%)

132 (7.8)

342 (49.1)

15 (0.9)

29 (4.2)

Oxygen therapy, n (%)

Shock, n (%)
Median length of in-hospital stay (days), median (IQR)
Death, n (%)

13.3 (7.7–20.9)
125 (7.4)

15.8 (8.4–23.1)
157 (22.5)

*All the glucose-associated indices in critical patients with COVID-19 were analyzed based on the blood glucose concentration after
diagnosis of critical case.
†Included in this category is any type of cancer.
‡The initial glucose of critical cases was the first blood glucose concentration after diagnosis of critical case.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ICU, intensive care unit.

creatinine, insulin treatment, corticosteroid use, initial
blood glucose level of critical diagnosis, median blood
glucose, median glucose level after critical diagnosis,
maximum blood glucose and minimum blood glucose
were significantly associated with in-
hospital mortality
4

(p<0.05) (online supplementary table S3). In multivariable analysis, initial blood glucose level of critical
diagnosis was significantly associated with in-
hospital
mortality (HR=1.84, 95% CI 1.14 to 2.98, p=0.013)
(table 2). Regarding the other blood glucose-associated
BMJ Open Diab Res Care 2020;8:e001476. doi:10.1136/bmjdrc-2020-001476
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Table 2 Association of blood glucose group with progression to critical cases/death from non-critical cases at admission in
patients with COVID-19 and with in-hospital mortality in critical cases of COVID-19 in multivariable Cox regression model*
Non-critical patients
Variables

Adjusted HR (95% CI)

Critical patients†
P value

Adjusted HR (95% CI)

P value

Admission glucose group
 Normal (<6.1)

1.00

 Hyperglycemia (≥6.1)

1.30 (1.03 to 1.63)

Gender (female)
Age (year)

1.00
0.026

1.84 (1.14 to 2.98)

0.013

0.86 (0.70 to 1.06)

0.157

0.43 (0.28 to 0.66)

<0.001

1.02 (1.01 to 1.02)

<0.001

1.03 (1.02 to 1.05)

<0.001

Diabetes

1.03 (0.72 to 1.48)

0.851

1.26 (0.72 to 2.22)

0.415

Hypertension

1.21 (0.95 to 1.53)

0.125

0.80 (0.52 to 1.22)

0.293

Smoking history

1.17 (0.88 to 1.55)

0.275

1.36 (0.89 to 2.08)

0.162

Insulin treatment

1.09 (0.78 to 1.51)

0.616

0.94 (0.57 to 1.54)

0.807

Systemic glucocorticoids

1.77 (1.40 to 2.22)

<0.001

4.47 (2.41 to 8.30)

<0.001

Chronic kidney disease

2.24 (1.14 to 4.41)

0.019

0.50 (0.14 to 1.78)

0.284

Chronic obstructive pulmonary disease

0.96 (0.55 to 1.66)

0.885

0.58 (0.26 to 1.28)

0.179

Cancer

0.76 (0.33 to 1.75)

0.519

0.66 (0.18 to 2.43)

0.534

Admission white cell counts

1.10 (1.07 to 1.13)

<0.001

1.10 (1.06 to 1.14)

<0.001

Admission lymphocyte counts

0.55 (0.42 to 0.71)

<0.001

0.63 (0.37 to 1.07)

0.090

Admission D-Dimer

1.06 (1.03 to 1.09)

<0.001

1.02 (0.99 to 1.04)

0.267

Admission AST

1.00 (1.00 to 1.00)

0.157

1.00 (1.00 to 1.01)

0.106

Admission ALT

1.00 (0.99 to 1.00)

0.684

0.99 (0.98 to 1.00)

0.185

Admission creatinine

1.00 (1.00 to 1.00)

0.102

1.00 (1.00 to 1.00)

<0.001

*Multivariable Cox analysis was adjusted for all available factors in baseline table.
†The glucose-associated indices of critical cases were analyzed based on the blood glucose concentration after diagnosis of critical
case.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

indexes, multivariable analysis showed that median
blood glucose (HR=1.09, 95% CI 1.04 to 1.14) and
minimum blood glucose (HR=1.14, 95% CI 1.09 to 1.19)
were significant independent risk factors for in-hospital
mortality of critical cases (figure 2B). Higher median
glucose level after critical diagnosis was independently
associated with higher rate of in-hospital mortality in critical cases (HR=2.39, 95% CI 1.41 to 4.07, p=0.001). Sensitivity analysis in critical patients without diabetes were
also performed. Multivariable regression model showed
that the initial blood glucose of critical diagnosis, blood
glucose control, median blood glucose and minimum
blood glucose were independent risk factors for the
in-
hospital mortality of critical cases without diabetes.
Details were shown in online supplementary figure S1B.
Discussion
Based on the data from 2041 consecutive patients with
COVID-19, we found that admission blood glucose level
was an independent risk factor for predicting the progression to critical cases/death from non-critical cases, and
initial blood glucose level of critical diagnosis was an independent risk factor for in-hospital mortality in critical
cases. In addition, patients with higher median glucose
level during hospital stay or after critical diagnosis had
BMJ Open Diab Res Care 2020;8:e001476. doi:10.1136/bmjdrc-2020-001476

significantly poorer clinical outcomes. The above results
were also confirmed in COVID-19 patients without a
history of diabetes.
The current pandemic of COVID-19 caused a global
health crisis. It has been reported that progression into
critical cases could happen within 3–10 days in 10%–20%
of cases.12 13 Our data showed that critical cases consisted
of 34.1% of the COVID-19 patient population, with a
day mortality of 30.7%. Therefore, predicting the
30-
likelihood of progression to critical cases in non-critical
cases as well as predicting in-hospital mortality in critical cases became particularly important to the stratified
management of patients with COVID-19 in a circumstance of severe shortage of medical resources during
pandemic. As a convenient and easy-
to-
detect index,
blood glucose level can be obtained and monitored in all
clinical settings. Our data showed that 47.2% of patients
with COVID-19 had elevated blood glucose levels at
admission, and blood glucose level was an independent
risk factor for progression to critical cases/death in non-
critical cases. Furthermore, analysis of critical cases found
that initial blood glucose level of critical diagnosis was
an independent factor for in-hospital mortality in critical
cases, indicating that blood glucose levels may serve as
an instant and simple parameter for risk stratification
5
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Figure 2 Forest plots of the association of multiple glucose indexes (A) with progression to critical cases/death among non-
critical COVID-19 patients at admission and (B) with in-hospital mortality among critical patients with COVID-19 in multivariable
Cox regression analysis.

and hierarchical management of COVID-19 in all clinical
settings.
Interestingly, while 47.2% of the patients had admission
hyperglycemia, only 13.4% of the patients had diabetes.
Diabetes has been previously reported to affect the
outcomes of COVID-19 cases.3 However, the predictive
value of blood glucose level in patients without diabetes
are more concerning in clinical practice. Elevation of the
blood glucose level may represent relative hyperglycemia.
Infection might trigger an inflammatory storm, which
leads to insulin resistance. Infection could also induce
stress and sympathetic stimulation. The SARS-CoV-2 virus
might also directly attack the pancreas. All these factors
may render infected COVID-19 patients more prone to
hyperglycemia.14 15 Therefore, we performed analysis
in patients without diabetes. Results are consistent with
the overall findings. These results further illustrated that
blood glucose could reliably predict the risk of hospitalized patients with COVID-19.
Our study showed that although the rate of hypoglycemia was higher (6.7%) in patients with normal median
blood glucose level as compared with that in patients
with high median blood glucose level (>6.1 mmol/L)
6

(2.0%), the overall mortality was significantly reduced.
This finding was different from prior study that median
blood glucose level ≤6.1 mmol/L might increase the
risk of both hypoglycemia and mortality in patients with
diabetes.16 A possible explanation is that previous studies
targeted patients with diabetes, and hypoglycemia is
more likely to induce cardiovascular events, leading to
increased mortality. However, for patients with COVID19, the prevalence of cardiovascular comorbidities was
actually lower than that of patients with diabetes. Thus, a
slight increase in the risk of hypoglycemia did not offset
the survival benefits of reducing blood glucose level.
This result underlies the importance of close monitoring
and control of blood glucose level during the treatment
of COVID-19. Of note, in light of the potential risk of
hypoglycemia, glucose control should be personalized,
especially in patients with comorbidities such as cardiovascular diseases.
There are several limitations in the current study. First,
the study was conducted during a large-scale infectious
disease outbreak setting when the healthcare system was
overwhelmed by large number of patients seeking medical
care. It was a retrospective cohort study in nature, since
BMJ Open Diab Res Care 2020;8:e001476. doi:10.1136/bmjdrc-2020-001476
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conducting a large randomized trial was too challenging.
Second, detailed data on non-insulin diabetes medications and fingerstick blood glucoses done in-
between
were lacking in this study. Third, the current study only
included hospitalized patients, which were more severely
ill cases. Hence, the generalizability of these findings to
non-hospitalized patients with milder disease needs to be
further verified.
In summary, our study found that blood glucose level
was an independent risk factor to predict the progression to critical cases/death in non-
critical cases and
in-hospital mortality in critical cases, whereas patients
with higher median glucose level during hospital stay or
after critical diagnosis had significantly poorer clinical
outcomes. Our results provided a simple and practical
way to risk stratify COVID-19 inpatients for hierarchical
management, particularly where medical resources are
in severe shortage during the pandemic.
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