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Abstract
Type 2 diabetes (T2D) increases the risk of coronavirus disease (COVID-19). This study investigates the association
between glucose control of COVID-19 patients with T2D in first 7 days after hospital admission and prognosis. A total of
252 infected inpatients with T2D in China were included. Well-controlled blood glucose was defined as stable fasting blood
glucose (FBG) levels in the range of 3.9–7.8 mmol/L during first 7 days using indicators of average (FBGA), maximum
(FBGM) or first-time (FBG1) FBG levels. The primary endpoint was admission to intensive care unit or death. Hazard ratio
(HR) of poorly controlled glucose level group compared with well-controlled group were 4.96 (P= 0.021) for FBGM and
5.55 (P= 0.014) for FBGA. Well-controlled blood glucose levels in first 7 days could improve the prognosis of COVID-19
inpatients with diabetes.
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Abbreviations
COVID-19 Coronavirus disease 2019
SARS-CoV-2 severe acute respiratory syndrome

coronavirus 2
ICU intensive care unit
HR hazard ratio
95% CI 95% confidence interval
FBG fasting blood glucose
CVD cardiovascular and cerebrovascular diseases
IQR interquartile range
COPD chronic obstructive pulmonary disease
CPT convalescent plasma transfusion

Introduction

The coronavirus pandemic, caused by a novel coronavirus,
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has spread all over the world since Dec 2019 [1].
By the end of 2020, confirmed coronavirus cases surpassed
90 million globally according to reports by WHO.

Studies have suggested that most people affected by
coronavirus disease 2019 (COVID-19) have comorbidities,
the most prevalent of which are hypertension, diabetes, and
cardiovascular disease [2–5]. Generally, about 10–20% of
patients with COVID-19 had diabetes. Research suggests
that the patients with diabetes were more susceptive to
SARS-CoV-2 and subsequently had poor COVID-19
prognosis [6–8]. Thus, the patients with diabetes require
more attention from the perspective of either prevention
during pandemic or hospitalized treatment after infection.
Glucose management is a universal topic for diabetes
therapy. Hyperglycemia is detrimental to inflammation
control and yields high risk of secondary infection and
mortality [9]. Relationship between glucose level manage-
ment and survival outcomes of general infected inpatients
has been reported [10–12]. However, few studies described
this association in infected inpatients with pre-existing
diabetes. Some researchers have clarified the importance
and provided insights for glucose control in patients with
diabetes and COVID-19 [13–15].

In order to investigate the association between blood
glucose control and prognosis of patients with diabetes and
COVID-19, we retrospectively analyzed 206 inpatients
diagnosed with type 2 diabetes (T2D) and lab-confirmed
COVID-19 admitted to a designated isolation medical
center in Wuhan Huoshenshan hospital from February 4th
to March 30th 2020. We showed the poorly controlled
fasting blood glucose (FBG) levels (>7.8 mmol/L) put the
hospitalized patients with diabetes and COVID-19 at high
risk of admission to intensive care unit (ICU) or in-hospital
death. One group in China reported a large population-
based study also focusing on link between blood glucose

level management and prognosis of patients with diabetes
and COVID-19 [7]. Although relatively small sample size
in this study, however, there is some significant difference
between these two works in outcome selection, recom-
mended level for FBG control, handing dynamic FBG. We
also discover whether FBG at admission can predict the
prognosis. We hope our findings can raise more concern
about blood glucose management for patients with COVID-
19 and diabetes.

Methods

Study population

There were 3057 laboratory-confirmed COVID-19 cases
admitted to Huoshenshan Hospital in Wuhan, China, from
February 4th to March 30th 2020. This retrospective study
included 1568 cases with highest grade being severe or
critical during hospitalization [16]. The severity grade of
COVID-19 patients was diagnosed based on the diagnostic
and treatment guideline (Version 5–7) by the National
Health Committee of China, and varied during hospitaliza-
tion. We extracted demographic, clinical characteristics,
laboratory findings and prognosis of inpatients from elec-
tronic medical records (EMR). Clinical outcomes were fol-
lowed up to April 10th, 2020. A total of 252 of 1568 patients
were defined as preexisting T2D patients based on self-
reported T2D or drugs for glycemic control. We excluded
the subjects without available FBG readings in first 7 days
after admission (n= 30), those without FBG measurement
before admitting to ICU (n= 5), and those with hypogly-
cemia (BG < 3.9 mmol/L) (n= 3) or age beyond 19–85
years (n= 8). Finally, 206 diabetes patients were remained
in our final analysis. This study was approved by the
Medical Ethical Committee of Wuhan Huoshenshan Hos-
pital. The informed consent was waived by the ethics board
of the hospital due to urgency need during this pandemic.
All procedures were in accordance with the World Medical
Association’s Declaration of Helsinki.

Blood glucose measurement and survival outcome

FBG levels and time of blood sampling was extracted
from EMR. The time and frequency of FBG examination
varied within subjects depending on clinic need. We
mainly concentrated on the FBG values in 7 days after
admission. The arithmetic mean (FBGA), maximum
(FBGM) and first-time (FBG1) levels for dynamic mea-
surement of FBG in each patient was calculated to
represent average, worse and baseline (admission) glucose
control, respectively. With the references from others, we
selected ≤7.8 mmol/L as a criteria for well controlled FBG
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of inpatients [9, 13]. We also used cutoff at 10.0 mmol/L
for grouping as a sensitive analysis [7]. Although hemo-
globin A1c (HbA1c) test is thought to be more accurate
and reliable than FBG test, the small number of patients
had HbA1c being tested. However, we also extracted
available HbA1c from only 33 patients to illustrate that
FBG in 7 days show better consistency with HbA1c than
FBG in 28 days used in others [7].

The outcomes included discharging from hospital, hos-
pitalization, and death. We defined primary endpoint as
admission to ICU or in-hospital death.

Statistical analysis

Continuous and categorical variables were presented as
median (interquartile range, IQR) and n (%), respectively.
Local polynomial regression was used to smooth the
dynamic glucose change across days after admission.
Pearson correlation coefficient (PCC) was used to evaluate
the linear correlation between continuous variables. We
employed Cox proportional hazard model to estimate the
hazard ratio (HR) with 95% confidence interval (CI) of
FBG management (binary, well-controlled vs. poorly con-
trolled status) surrogated by FBGA, FBGM or FBG1 on
survival outcome. Two models were built to evaluate the
underlying confounding effects of various combinations of
covariates. Model 1 was adjusted for age (continuous),
gender (binary) and severity classification on admission
(binary, non-severe vs. severe). Model 2 furtherly accoun-
ted for comorbidities including hypertension (binary), CVD
(binary), COPD (binary) and combined other comorbidities
(binary), treatments including antivirus drug used (binary),
convalescent plasma transfusion (CPT) therapy (binary) and
steroid used (binary). The combined variable was a binary
indictor defined as patients with any of cancer, chronic
kidney disease and chronic liver disease. We used the scaled
Schoenfeld residuals to check the proportional hazard
assumption in Cox regression [17]. Furthermore, potential
nonlinear relationship between FBG and outcome was dis-
covered by generating a restricted cubic spline term of FBG
in Cox regression with specifying 3 to the number of knots.

We used R software (version 3.6.2) for all analyses. All
statistical tests were two-sided and P < 0.05 was considered
to be statistically significant.

Results

In total, there were 206 patients with diabetes and COVID-19
included in this study with mean follow-up of 16.9 days.
Sixteen patients reached the endpoint. The general clinical
characteristics of the participants are shown in Table 1. Median
age was 66 (IQR, 60–73) and 53.9% of participants were male.Ta
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The major symptoms on admission were fever (68.3%), cough
(61.5%), fatigue (45.9%), and dyspnea (17.6%), similar to the
general patient population [18, 19]. The main comorbidities
were hypertension (65.0%) and CVD (32.5%). Lab examina-
tion on admission showed most subjects had high C-reaction
protein (CRP) level (55.6%) and lymphopenia (33.5%). About
75% of patients (155/206) had available records of glycemic
control drug use before admission including alpha-glucosidase
inhibitors (36.1%), insulin (29.7%), metformin (26.5%), sul-
fonylurea (19.4%), DPP-4 inhibitors (2.6%), and thiazolidine-
diones (1.9%). 84.5% of inpatients received antivirus treatment.
Fig. S1 shows HbA1c level correlated with baseline glucose
(FBG1) (PCC= 0.728, P= 1.13E-05), maximum FBG
(FBGM) (PCC= 0.685, P= 1.54E-05), and arithmetic mean of
FBG (FBGA) (PCC= 0.708, P= 5.73E-06) during the first
7 days after hospital admission. All these correlations were
stronger than that between HbA1c and FBGM (PCC= 0.632,
P= 7.93E-05) during 28 days after admission, which indicated
FBG in 7 days show better consistency with HbA1c than FBG
in 28 days. Given that steroid treatment could increase FBG
level of patients [20], Fig. S2 shows the dynamic FBG changes
of inpatients during 28 days after admission with or without
steroid treatment. In comparison to the group without steroid
treatment, patients taking steroid therapy had higher FBG
levels during hospitalization.

For glucose management defined by FBG1, body tempera-
ture, heart rate, respiratory rate and blood pressure show
similarity between the well-controlled and poorly controlled
groups. Patients in the well-controlled group reported slightly
lower frequencies of fever (67.2% vs. 70.0%) and dyspnea
(16% vs. 20%) compared to the poorly controlled group. In
addition, the proportion of diagnosed severity in the well-
controlled group is modestly lower than in the poorly con-
trolled (56.0% vs. 60.5%). However, pre-existing hypertension
(69.6% vs. 58.0%) and CVD (36.8% vs. 25.9%) were more
frequent in the well-controlled group. Patients with well-
controlled glucose show significantly lower proportions of
leukocytosis (8.3% vs. 23.0%), increased neutrophil counts

(12.5% vs. 31.1%), lymphopenia (28.3% vs. 41.9%), elevated
urea nitrogen levels (7.0% vs. 12.9%), and elevated CRP levels
(49.1% vs. 67.1%) than those with poorly controlled glucose.
For FBGM and FBGA, the numbers of patient in the well-
controlled group decreased with illness progression when
compared to the group under FBG1 (125 vs. 108, 125 vs. 113),
which hints poor glucose management for patient with diabetes
during COVID-19 treatment. The dynamic glucose change
after admission of well-controlled and poorly controlled groups
under different definitions is shown in Fig. 1A–C.

Table 2 presents the results of the associations between
FBG control groups and prognosis of patients with diabetes
and COVID-19. Compared to the well-controlled group, the
HR of the poorly controlled group was 5.07 (95% CI,
1.44–17.86; P= 0.011) for FBGM and 5.62 (95% CI,
1.59–19.83; P= 0.007) for FBGA after adjusting for age,
sex, and severity classification (Model 1). The findings were
also statistically significant for groups in terms of FBGM

(HR= 4.96; 95% CI, 1.27–19.40; P= 0.021) and FBGA

(HR= 5.55; 95% CI, 1.41–21.81; P= 0.014) after further
adjusting for hypertension, CVD, COPD, other comorbid-
ities, antivirus drug used, CPT therapy and steroid used

(A) FBG1 group (B) FBGM group (C) FBGA group

Fig. 1 Dynamic FBG changes in patients of the well controlled and poorly controlled groups defined by (A) FBG1, (B) FBGM, and (C) FBGA

during the first 7 days after admission

Table 2 Associations between blood glucose control groups (with
cutoff at 7.8 mmol/L) and prognosis of patients with diabetes and
COVID-19

Group
definition

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

FBG1 3.95 (1.36–11.47) 0.012 3.69 (1.11–12.25) 0.033

FBGM 5.07 (1.44–17.86) 0.011 4.96 (1.27–19.40) 0.021

FBGA 5.62 (1.59–19.83) 0.007 5.55 (1.41–21.81) 0.014

Model 1 was adjusted for age, gender, and severity classification on
admission

Model 2 was adjusted for age, gender, severity classification on
admission, hypertension, CVD, COPD, comorbidities, antivirus drug
used, CPT therapy and steroid used

HR hazard ratio, CI confidence interval

Endocrine (2022) 75:1–9 5



(Model 2). Poorly controlled FBG1 could predict the bad
prognosis of patients with diabetes and COVID-19 both in
Model 1 (HR= 3.95; 95% CI, 1.36–11.57; P= 0.012) and
Model 2 (HR= 3.69; 95% CI, 1.11–12.25; P= 0.033). In
addition, we could not find a significant non-linear effect of
FBG1 (P for non-linear: 0.622) or FBGA (P for non-linear:
0.257) levels on prognosis but we did for FBGM (P for non-
linear: 0.016; Fig. S3) under Model 2. Table S1 shows the
relationship between the two redefined groups using a cut-
off at 10.0 mmol/L. In comparison with the well-controlled
group, the HR of the poorly controlled group defined by
FBGM was statistically significant in both Model 1 (HR=
4.17; 95% CI, 1.47–11.82; P= 0.007) and Model 2 (HR=
3.55; 95% CI, 1.19–11.20; P= 0.024).

Discussion

In this retrospective study, we examined the effect of glucose
management on the prognosis of COVID-19 inpatients with
type 2 diabetes. We used admission FBG (FBG1), arithmetic
mean of FBG (FBGA), and maximum FBG (FBGM) as sur-
rogates of dynamic FBG for each patient and considered
7.8mmol/L as a criteria of well-controlled blood glucose. Our
results show that patients who maintained a proper blood
glucose control would have a lower risk of admission to ICU
or in-hospital death in comparison with poorly controlled
patients. Particularly, baseline FBG could predict the prog-
nosis of patients, which means a more attention needs to be
paid to patients with diabetes and COVID-19 having high
admission FBG. Doctors should invite endocrinologists and
nutritionists to participate in the management of inpatients
with diabetes and coronavirus infection whenever possible.
These also gave hints on the importance of glucose control-
ling for COVID-19 outpatient with diabetes.

To our knowledge, few studies have been performed on
the association between glucose management and prognosis
of inpatients with COVID-19 and diabetes. Recently, Zhu
et al. having a similar aim also reported the fatal prognosis of
patients with poorly controlled glucose [7]. However, there
are some differences between the two studies. First, we
focused on blood glucose during first 7 days after admission
instead of the whole observation period, which was much
more meaningful from the perspective of early prediction and
more consistent with HbA1c measurements. Second, multiple
indicator (i.e., FBG1, FBGA, and FBGM) rather than only
maximum blood glucose were employed to act for dynamic
glucose levels. Third, Zhu et al. used 10.0 mmol/L (i.e., tar-
geting level of 2 h postprandial glucose in diabetes manage-
ment) as a boundary of glucose control according to the
guidelines for prevention and control of type 2 diabetes in
China (2017) and we used 7.8 mmol/L as a cutoff, which
stands for preprandial blood glucose levels of hospitalized

patients as based on the recommendation from the American
Association of Clinical Endocrinologists and American Dia-
betes Association [9]. Last, the primary endpoint of our study
was admission to ICU or in-hospital death instead of 28-day
death. Raoufi et al. collected clinical characteristic of 117
patients with coexistent COVID-19 and diabetes and used
hemoglobin A1c (HbA1c) as index of glucose management
[21]. However, their analysis is crude (ignoring the survival
process and confounders adjustment), and no significant dif-
ference was observed in mortality rates between the well-
controlled and poorly-controlled patients. Li et al. included
132 patients with COVID-19 and diabetes and suggested
patients with admission glucose >11mmol/L had an increased
risk of death and in-hospital complications [22]. But they did
not take survival time of inpatients into consideration and
make sensitive analysis on cutoff of defining glucose control.
Two other small-scale observational studies concentrated on
risk factor for prognosis of COVID-19 patients with diabetes
instead of blood glucose control [23, 24].

The link between COVID-19 and diabetes/hyperglyce-
mia may be reciprocal. On the one hand, hyperglycemia
may increase viral replication in vivo and suppress the
host’s anti-viral immune response [25, 26]. Besides,
expression of angiotensin-converting enzyme 2 (ACE2)
was increased in patients with diabetes treated with ACE
inhibitors and angiotensin 2 receptor blockers. Conse-
quently, the high expression of ACE2 accelerated viral
entry into cells [6, 27, 28]. On the other hand, the SARS-
CoV-2 virus hijacks an endocrine pathway that plays a
crucial role in metabolism and potentially damages pan-
creatic β cells [29, 30]. Moreover, highly expressed proin-
flammatory cytokines, activation of the renin-angiotensin
system, and lifestyle changes might play crucial roles in
developing diabetes during this pandemic [31]. A recent
meta-analysis estimated a pooled proportion of 14.4% for
newly diagnosed diabetes in COVID-19 inpatients [32]. In
this study, we observed hyperglycemia in 192 COVID-19
patients without diabetes and steroid treatment during hos-
pitalization. This might be attributed to a stress response
connected with severe illness or the potential diabetogenic
effects of COVID-19. Furthermore, a new study also
reported Influenza A virus could induce cytokine storm by
increasing glucose metabolism [33], while cytokine storms
have been shown to poses a major threat for COVID-19
patients [34, 35]. It might be a combination of all these
factors that leads to poor prognosis of patients with diabetes
suffering from a SARS-CoV-2 infection. Nevertheless,
some of these potential mechanisms are based on other
coronaviruses and their clinical relevance remains unclear.

Continuous glucose controlling is crucial for inpatients
with diabetes and coronavirus infection. Some studies
observed the deterioration state in the patients with poor
glycemic control [14, 36]. High-dose insulin therapy has
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been recommended for the treatment of severely or critically
ill inpatients with COVID-19 and diabetes [14, 31]. How-
ever, in order to prevent the excess risk of severe hypo-
glycemia during intensive insulin therapy, continuous
glucose monitoring should be encouraged. Moreover,
potassium balance and fluid balance also deserve attentions
in the context of high insulin consumption. As a first-line
antidiabetic drug, metformin use might be associated with
reduced severity and mortality among diabetic patients
hospitalized for severe COVID-19 by reducing the level of
proinflammatory signaling and cytokine storm [24, 37, 38].
Nevertheless, doctors should carefully monitor the rare side
effects of metformin, including lactic acidosis and acute
kidney injury, especially for patients with severe symptoms.
As suggested by a consensus, SGLT2 inhibitors are not
recommended due to the putative risk of dehydration and
diabetic ketoacidosis, while DPP-4 inhibitors are well tol-
erated and can continue to be used [14].

Although this study generated a significant suggestion of
glucose management for COVID-19 patients with type 2
diabetes, several limitations should be addressed. First, due
to the retrospective nature of the study and the circumstance
of the clinical practice during the pandemic, some data was
incomplete or unavailable, which possibly weakens our
results. For example, laboratory tests were not fixed, which
meant some data points were lost in first 7 days, and sub-
sequently decrease the statistical power for analyzing glu-
cose dynamic changes. Our study had litter control on
potential confounders such as weight, race, diet and physical
activity. Last, this exploratory study is a single-center study
with a small sample size. Thus, the interpretation might be
limited by selection bias and less statistical efficacy.

Data availability

Data may be provided upon request to the corresponding
author.
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