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Abstract

To observe the predictive effect of fasting blood glucose (FBG) level on the prognosis,
clinical sequelae, and pulmonary absorption in hospitalized coronavirus disease 2019
(COVID-19) patients with and without a history of diabetes, respectively, and to evaluate
the correlation between the dynamic changes of FBG and poor prognosis. In this
bidirectional cohort study, we enrolled 2545 hospitalized COVID-19 patients (439
diabetics and 2106 without a diabetic history) and followed up for 1 year. The patients
were divided according to the level of admission FBG. The dynamic changes of FBG were
compared between the survival and the death cases. The prediction effect of FBG on
1-year mortality and sequelae was analyzed. The 1-year all cause mortality rate and in-
hospital mortality rate of COVID-19 patients were J-curve correlated with FBG (p < 0.001
for both in the nondiabetic history group, p=0.004 and p = 0.01 in the diabetic history
group). FBG = 7.0 mmol/L had a higher risk of developing sequelae (p = 0.025) and have
slower recovery of abnormal lung scans (p < 0.001) in patients who denied a history of
diabetes. Multivariable Cox regression analysis showed that FBG = 7.0 mmol/L was an
independent risk factor for the mortality of COVID-19 regardless of the presence or deny
a history of diabetes (hazard atio [HR] = 10.63, 95% confidence interval [Cl]: 7.15-15.83,
p<0.001; HR=3.9, 95% Cl: 1.56-9.77, p = 0.004, respectively). Our study shows that
FBG = 7.0 mmol/L can be a predictive factor of 1-year all-cause mortality in COVID-19
patients, independent of diabetes history. FBG=7.0mmol/L has an advantage in
predicting the severity, clinical sequelae, and pulmonary absorption in COVID-19 patients
without a history of diabetes. Early detection, timely treatment, and strict control of blood
glucose when finding hyperglycemia in COVID-19 patients (with or without diabetes) are

critical for their prognosis.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has posed a serious
threat to global health." According to epidemiological and clinical data,
patients with COVID-19 have higher risks of elevated blood glucose
levels. COVID-19 patients with hyperglycemia will be more likely to
transform into severe and fatal cases.>™ Cai et al.” demonstrated that
COVID-19 patients with fasting blood glucose (FBG) 27.0 mmol/L had
poor prognoses. Huang et al. proved that FBG was a strong predictor
for in-hospital mortality in COVID-19 patients.®

At present, many studies investigated the effect of FBG on the
short-term adverse prognosis in COVID-19 patients, but most studies
are limited by follow-up time and sample size. In terms of the
stratification of FBG levels in nondiabetic COVID-19 patients, most
research used dichotomy (<7.0 and 27.0 mmol/L), some used
trichotomy (<6.1, 6.1-7.0, and =7.0mmol/L),> while few studies
focused on further stratification of FBG.” Based on the criteria of
the American Diabetes Association (ADA) and World Health
Organization (WHO),®? FBG in the prediabetic status is defined as
5.6-6.9 and 6.1-6.9 mmol/L, respectively. Therefore, in this investiga-
tion, we divided admission FBG into four levels in COVID-19 patients
without a diabetic history (<5.5, 5.6-6.0, 6.1-6.9, and >7.0 mmol/L)
and three levels in COVID-19 patients with a diabetic history (<6.1,
6.1-6.9, and 27.0 mmol/L), so as to investigate the effect of FBG on
1-year mortality, sequelae, and pulmonary absorption in hospitalized
COVID-19 patients with and without diabetic history, respectively. On
the other hand, few studies report the dynamic changes of FBG in
COVID-19 patients during hospitalization and its predictive effect on
their long-term prognosis.” To observe the impact of SARS-CoV-2
infection on FBG and avoid the possible confounding factors of
diabetes on FBG, we divided COVID-19 patients into the diabetic
history group and nondiabetic history group, analyzed the dynamic
changes of FBG in patients with different admission FBG levels, and
compared the level of FBG in the survival and death cases to study the
impact of FBG level on the long-term prognosis in the two groups.

2 | METHODS

2.1 | Study design and participants

In this bidirectional cohort study, we chose 4493 hospitalized
COVID-19 patients who were admitted to five designated COVID-
19 hospitals from January 1, 2020 to March 18, 2020 in Hubei
Province, including the headquarter, west Hospital, and tumor center
of Union Hospital, the Central Hospital of Wuhan, and Dongfeng
Hospital.'° Among the patients, 425 lacked blood glucose data, 670
missed clinical data or outcomes, 612 transferred to other hospitals,
and 241 patients losing contact during follow-up were excluded.
Therefore, a total of 2545 COVID-19 patients (439 diabetics and
2106 without a diabetic history) were enrolled (Figure 1). All patients
met the following conditions: (1) positive reverse transcription-
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Patients diagnosed as COVID-19 in Hubei Province
from January 1, 2020, to March 18, 2020(n=4493)

Exclusion criteria:

425 lacked blood glucose data

670 missed clinical data or outcomes
612 transferred to other hospitals

241 patients losing contact during follow-up

v
‘ 2545 COVID-19 patients were enrolled ‘

| |

439 with diabetics

FIGURE 1 Flow chart of patient selection. We enrolled 439
coronavirus diseases 2019 (COVID-19) patients with a diabetic
history and 2106 COVID-19 patients without a diabetic history

2106 without a diabetic history

polymerase chain reaction (RT-PCR) detection of SARS-CoV-2 in
respiratory tract samples; (2) clinically confirmation of COVID-19;
(3) complete and traceable clinical information; (4) complete follow-
up and answer of questionnaires. According to the FBG level at
admission, COVID-19 patients without a diabetic history were
divided into four groups: FBG<5.5 5.6-6.0, 6.1-6.9, and
>7.0mmol/L,? and COVID-19 patients with a diabetic history were
divided into three groups: FBG < 6.1 6.1-6.9, and 27.0 mmol/L.

2.2 | Data collection

All data from the electronic medical records of the 2545 COVID-19
patients were reviewed manually. The demographic characteristics,
comorbidities, clinical signs and symptoms, laboratory results, in-
hospital treatment (including drug and oxygen therapy), and clinical
outcome (discharge or death) were recorded using standardized case

report forms and entered into a secure online database MySQL.*°

2.3 | Case follow-up

All survival discharged patients underwent a series of telephone
questionnaires or outpatient services every 3 months, including all-
cause death, clinical sequelae, and lung condition. Death and its cause
were reported by the patient's relative or clinician. The follow-up
time was up to March 17, 2021, or the date of death.

2.4 | Statistical analysis

All data were analyzed by SPSS Statistics 26.0 (IBM), GraphPad Prism
8.0.2 (Version 5.0; GraphPad Software), and R software (Version
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FIGURE 2 The dynamic changes of fasting blood glucose (FBG) in patients with different admission FBG levels. (A) The Lowess curve of FBG
in coronavirus 2019 (COVID-19) patients without a history of diabetes. (B) The Lowess curve of FBG in COVID-19 patients with a history of
diabetes. (C) The Lowess curve of FBG in the survival and death cases among COVID-19 patients without a history of diabetes. (D) The Lowess
curve of FBG in the survival and death cases among COVID-19 patients with a history of diabetes

3.6.3; Math Soft). Descriptive statistics were used for baseline data,
categorical variables were expressed as proportions, and the normally
distributed measurement data were shown as mean + standard
deviation (SD). One-way analysis of variance (ANOVA) was used
for intergroup comparison. Least significant difference t-test was
used for homogeneity of variance and Tamhane T2 test was used for
heterogeneity of variance in pairwise comparison. The non-normally
distributed measurement data were shown as median (interquartile
range, IQR). The nonparametric Kruskal-Wallis H test was used for
intergroup comparison. The Mann-Whitney U test was used for
pairwise comparison. Fisher's exact test was used for counting data.
The model of the dynamic trajectory of FBG was established using
Lowess. Kaplan-Meier and log-rank tests were used to compare the
survival curves of the nondiabetic patients. Cox regression was used
to analyze the influence of several risk factors on survival rate. The

difference was considered to be statistically significant at p < 0.05.

3 | RESULTS

3.1 | Patient characteristics

A total of 2545 hospitalized COVID-19 patients (439 diabetics and
2106 without a diabetic history) were included in this study

(Table 1). Among the 439 COVID-19 patients with a diabetic
history, the cases of admission FBG < 6.1, 6.1-6.9, and 27.0 mmol/L
were 91 (20.7%), 58 (13.2%), and 290 (66.1%), respectively. The
distribution of FBG in diabetics was not related to the age and
gender of patients and showed no significant difference in
severity, comorbidities, clinical symptoms, complications, and
specialized treatment of COVID-19. Among the 2106 COVID-19
patients without a diabetic history, the cases of admission
FBG<5.5, 5.6-6.0, 6.1-6.9, and =7.0mmol/L were 1107
(52.6%), 446 (21.2%), 253 (12.0%), and 300 (14.2%), respectively,
with 17 (0.8%) in FBG < 3.9 mmol/L (Table 1). Patients with
admission FBG = 7.0 mmol/L tended to be elder (>65 years old),
male, and severe (all p<0.001). In terms of clinical symptoms,
patients with FBG 2 7.0 mmol/L were more prone to having
fatigue, expectoration, dyspnea, and consciousness disorder (all
p <0.001). Regarding comorbidities, FBG levels were higher in
patients with cancer (p=0.047). As for complications, patients
with FBG 2 7.0 mmol/L had increased rates of hypoproteinemia,
respiratory failure, acute respiratory distress syndrome, acute
kidney injury, acute liver injury, and lower limb venous thrombosis
(all p<0.001). And for treatment, patients with FBG = 7.0 mmol/L
were more likely to be treated with antibiotics, glucocorticoids,
p <0.001)

vasoactive drugs, and mechanical

(Table 1).

ventilation (all
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3.2 | The longitudinal trajectory of FBG

We further collected data of FBG level after admission. The locally
weighted scatterplot smoothing (Lowess) method was used to
demonstrate the longitudinal trajectory of FBG in nondiabetic
COVID-19 patients with different admission FBG levels (<5.5,
5.6-6.0, 6.1-6.9, and 27.0 mmol/L). In general, the relative position
of the longitudinal trajectory of FBG between the four groups
remained stable. The FBG level in the <5.5 mmol/L group showed an
increasing trend and finally stabilized at 5.29 mmol/L (95% confi-
dence interval [CI]: 5.20-5.39). The FBG baseline in the
5.6-6.0mmol/L group was stable at 5.74mmol/L (95% Cl:
5.6-5.87), controlled at 6.66 mmol/L (95% Cl: 6.0-7.32) in the
6.1-6.9 group, and showed a gradual decrease to 7.08 mmol/L (95%
Cl: 6.44-7.72) within 35 days after admission in the 27.0 mmol/L
group (Figure 2A). In the COVID-19 patients with a diabetic history,
the FBG level in the 7.0 mmol/L group showed a decreasing trend
within 35 days after admission and controlled at 8.34 mmol/L (95%
Cl: 7.69-9.00) and showed an increasing trend in the 6.1-6.9 mmol/L
group. The FBG level in the <é6.1mmol/L group stabilized at
6.27 mmol/L (95% Cl: 5.71-6.83) in the first 3 weeks, showed a
rising trend after 3 weeks, and increased to 8.40 mmol/L (95% Cl:

We further compared the dynamic changes of FBG between
the survival and death cases in COVID-19 patients without a
diabetic history. The level of FBG remained stable within the
normal range with very little fluctuation in the survival cases.
However, it was relatively higher all along with a large fluctuation
in the death cases (p<0.001). The FBG baseline gradually
increased after 15 days, increased to 8.15mmol/L (95% CI:
7.57-8.69), and gradually decline to controlled at 7.55 mmol/L
(95% Cl: 6.46-8.65) in the death cases (Figure 2C). Among the
diabetic history group, the baseline level of FBG in the dead cases
was similar to that among the nondiabetic history group. The level
of FBG in the death cases changed significantly over time with a
steadily increasing tendency. However, it continuously declined
and was controlled at 7.44 mmol/L (95% Cl: 7.04-7.84) in the

3.3 | One-year mortality

We further investigated the relationship between admission FBG
level and 1-year mortality in the COVID-19 patients. The results
showed that, among the 2106 hospitalized COVID-19 patients
without a diabetic history, the 1-year mortality in the groups of
<5.5, 5.6-6.0, 6.1-6.9, and 27.0 mmol/L were 3.0% (33/1107), 8.1%
(36/446), 15.8% (40/253), and 34.3% (103/300), respectively
(p <0.001) (Table 2). With the increase of FBG level, 1-year all-
cause mortality (p <0.001), in-hospital mortality (p <0.001), and
12-month postdischarge mortality (p=0.001) gradually increased.
Among the diabetic COVID-19 patients, the 1-year mortality in the
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>7.0 mmol/L group was significantly higher than those in the other
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0.00%

FBG <5.5 mmol/I FBG 5.6-6.0 mmol/I FBG 6.1-6.9mmol/I

diabetic group

groups (18.3% in the 27.0 mmol/L group, 8.6% in the 6.1-6.9 mmol/L
group, and 5.5% in the <6.1 mmol/L group, p =0.004). However,
there were no significant differences in 12-month postdischarge
mortality among the three groups (p=0.189). After stratification
according to different levels of admission FBG, the all-cause mortality
showed a gradually increasing trend and a J-shaped curve distribution

(Figure 3).

3.4 | Clinical sequelae at 1 year after discharge

Because COVID-19 patients had multiple complications during hospi-
talization, we focused on the clinical sequelae and lung images after
discharge (Table 3). We asked patients about their symptoms through
telephone and outpatient follow-up. For patients who denied a history
of diabetes, patients in the 27.0 mmol/L group had a higher risk of chest
tightness, (p=0.025), but other sequelae such as fatigue, cough,
shortness of breath, and low back pain showed no significant difference.
For lung images, patients in the 27.0 mmol/L group were more likely to
have slower recovery of abnormal lung scans (p <0.001) (Table 3).
However, among COVID-19 patients with diabetic history, there were
no significant differences in clinical sequelae and lung images between

patients with different admission FBG levels.

3.5 | Multivariate Cox risk regression analysis

We used Cox regression analysis and Kaplan-Meier survival curve to
explore the risk of death between the history of diabetes and
multiple factors in COVID-19 patients. In patients who denied
diabetes history, the risk of death was positively associated with the
level of admission FBG. With the increase of FBG, the all-cause
mortality increased (p < 0.01). Multivariate analysis showed that age
(>65 years, hazard ratio [HR]=3.05, 95% Cl: 2.26-4.12), gender
(male, HR=1.94, 95% CI: 1.44-2.6), tumor (HR=2.36, 95% Cl:
1.65-3.38), stroke (HR=2.81, 95% Cl: 1.76-4.51), hyperuricemia
(HR=2.07, 95% Cl: 1.37-3.13), chronic kidney disease (HR =2.16,
95% Cl: 1.04-4.52), FBG 5.6-6.0mmol/L (HR=2.67, 95% ClI:

FIGURE 3 J-curve associations between
fasting blood glucose (FBG) and in-hospital
mortality in the diabetic history group and the
nondiabetic history group

FBG >7.0n

Denied diabetic group

1.66-4.28), 6.1-6.9 mmol/L (HR=4.78, 95% CI: 3.01-7.61), and
FBG = 7.0 mmol/L (HR =10.63, 95% Cl: 7.15-15.83) were indepen-
dent risk factors for 1-year all-cause mortality (Table 4). In patients
who with a diabetic history. Multivariate analysis showed that age
(>65 years, HR=2.5, 95% Cl: 1.46-4.29), hyperuricemia (HR = 2.76,
95% Cl: 1.3-5.86), and FBG=7.0mmol/L (HR=3.9, 95% CI:
1.56-9.77) were independent risk factors for 12-month post-
discharge mortality (Table 5); (Figure 4).

4 | DISCUSSION

In this bidirectional cohort study, our study shows that the 1-year all-
cause mortality rate and in-hospital mortality rate of COVID-19 patients
were J-curve correlated with FBG. FBG27.0mmol/L can be a
predictive factor of 1-year all-cause mortality in COVID-19 patients,
independent of diabetes history. FBG = 7.0 mmol/L has an advantage in
predicting the severity, clinical sequelae, and pulmonary absorption in
COVID-19 patients without a history of diabetes. But the results found
that fasting glucose at admission was not significantly superior in
predicting disease course and prognosis in patients with a history of
diabetes. Previous studies have shown that FBG may be associated with
a poor prognosis in COVID-19 patients and early intervention can help
improve the prognosis.?>>'! Lazarus et al.” proved an explosion-
response gradient relationship between admission FBG level and
severity degree in COVID-19 patients, Wang et al. demonstrated that
FBG was an independent predictor of poor prognosis at 28 days in
COVID-19 patients, showing no association with the history of
diabetes.’* Diabetes is associated with the severity and mortality of
COVID-19. However, it was not possible to prove whether diabetes was
an independent factor or whether it was just a confounding factor.
Many diseases, such as old age, hypertension, cardiovascular disease,
and obesity, often coexist with diabetes, and each of these comorbid-
ities has been shown to be associated with the severity and mortality of
COVID-19. Therefore, the role of fasting glucose at admission in
predicting the disease course and prognosis of COVID-19 patients with
a history of diabetes is likely to be superimposed by other factors and
not significantly superior. COVID-19 brought about not only clinical
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TABLE 4 Multivariate prediction of 1 year mortality in 2106
COVID-19 patients without a diabetic history

Variables Odds ratio  95% ClI p

FBG < 5.5 mmol/L 1 (ref) <0.001
FBG 5.6-6.0 mmol/L 2.67 1.66-4.28 <0.001
FBG 6.1-6.9 mmol/L 4.78 3.01-7.61 <0.001
FBG 2 7.0 mmol/L 10.63 7.15-15.83 <0.001
Male 1.94 1.44-2.6 <0.001
Age > 65 3.05 2.26-4.12 <0.001
Tumor 2.36 1.65-3.38 <0.001
Coronary heart disease 1.2 0.77-1.88 0.428
Stroke 2.81 1.76-4.51 <0.001
Hypertension 0.9 0.67-1.21 0.474
Hyperuricemia 2.07 1.37-3.13 0.001
Chronic obstructive 0.95 0.56-1.60 0.833

pulmonary disease
Chronic kidney disease 2.16 1.04-4.52 0.04

Abbreviations: Cl, confidence interval; COVID-19, coronavirus diseases
2019; FBG, fasting blood glucose.

manifestations in the acute phase, but also many complications
afterward, and the pathologic changes in the lung caused by COVID-
19 will take a long time to restore. Therefore, in addition to the survival
of the patients, we also focused on the related complications and
pulmonary changes of FBG at 1 year after discharge. We found that,
among COVID-19 patients without a diabetic history, those whose
admission 27.0 mmol/L were more likely to have chest tightness and
slower recovery of abnormal lung images at 1 year after discharge.
Roncon et al. reported that COVID-19 patients with hyperglycemia or
diabetes were more likely to undergo ICU care.*? Lazarus et al. reported
that hyperglycemia promotes the progression of COVID-19.>%'2
Diabetic microvascular lesions in the respiratory tract may impair
alveolar gas exchange and lung compliance, resulting in impaired lung
function and reduced absorption of lung inflammation.** Caruso et al.
confirmed that diabetes and hyperglycemia could cause pulmonary
remodeling and respiratory restriction.”> We found that the levels of
admission FBG in COVID-19 patients had a significant impact on the
incidence of clinical complications, the use of glucocorticoids, vasoactive
drugs, and mechanical ventilation. It suggested that, with the increasing
of admission FBG level, patients without a diabetic history tended to be
more severe, need more intensive treatment, and have a worse
prognosis. Therefore, we believe that the level of admission FBG, a
risk predictor for COVID-19, needs to be further stratified so as to
predict the mortality and the incidence of long-term complications.
Patients with FBG > 6.1 mmol/L accounted for 26.2% (553/2106)
and a total of 14.2% (300/2106) patients had blood glucose 27.0 mmol/
L. These results indicated that our study included both undiagnosed
diabetic patients and nondiabetic patients with hyperglycemia caused

by an acute blood-glucose disorder. Similar to a previous study,

TABLE 5 Multivariate prediction of 1-year mortality in 439

COVID-19 patients with a diabetic history
Odds ratio Odds ratio 95% ClI p
FBG < 6.1 mmol/L 1(ref) 0.005
FBG 6.1-6.9 mmol/L 1.71 0.49-5.91 0.399
FBG = 7.0 mmol/L 3.9 1.56-9.77 0.004
Age > 65 2.5 1.46-4.29 0.001
Hyperuricemia 2.76 1.3-5.86 0.008

Abbreviations: Cl, confidence interval; COVID-19, coronavirus diseases
2019; FBG, fasting blood glucose.

COVID-19 patients might suffer from stress hyperglycemia.® There-
fore, the relationship between the severity of COVID-19 and
hyperglycemia may be an interaction. On the one hand, the infection
of SARS-CoV-2 can cause impaired glucose metabolism. SARS-CoV-2
enters the host via angiotensin-converting enzyme 2 (ACE2), which is
also expressed in pancreatic beta cells, thus providing a pathway for
the virus to enter and destroy the islets and resulting in defective
insulin production and hyperglycemia in COVID-19 patients'**”:18
SARS CoV-2 infection leads to increased release of inflammatory
factors, which causes insulin resistance and thus contributes to
elevated blood glucose.”*”*® Hyperglycemia inhibits the chemotaxis
of neutrophils, reduces the phagocytosis of neutrophils, macrophages
and monocytes, and impairs innate cell-mediated immunity.!? In
COVID-19 patients, the proportion of proinflammatory Th17 CD4* T
cells and cytokines is elevated, while peripheral CD4*and CD8" T cells
are decreased. Therefore, hyperglycemia may induce impaired antiviral
interferon response and delayed activation of Th1/Th17, contributing
to a high inflammatory response.?’ On the other hand, a large part of
these patients developed acute kidney injury and abnormal liver
function. As liver and kidney are key organs for glucose metabolism,
the level of blood glucose would be significantly impacted.” These
patients were more likely to be treated with glucocorticoids, so the
blood glucose might show a large fluctuation. According to the
dynamic analysis of FBG in COVID-19 patients without a diabetic
history, we found that the relative position of the longitudinal
trajectory remained stable at the beginning in different admission
FBG groups. Interestingly, in diabetic COVID-19 patients with
admission FBG < 6.1 mmol/L, we observed that the level of FBG
tended to be stable in the first 3 weeks and showed an increasing
trend after 3 weeks. This might be related to the disease aggravation
and the enhanced release of proinflammatory cytokines caused by

11,21

infection, thus leading to insulin resistance. Hyperglycemia

induces oxidative stress and leads to endothelial dysfunction,”*?
which may lead to further pulmonary microangiopathy. These studies
might explain the strong association of elevated FBG levels with
clinical complications, disease severity, and mortality among COVID-
19 patients without a diabetic history and supported the direct
association between FBG levels and the progression of COVID-19.
This study has several limitations. First, we did not cover

glycated hemoglobin (HbA1c), a long-term glycemic control
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FIGURE 4 Kaplan-Meier survival curves of 100 < 5.50
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indicator that helps distinguish patients with poor long-term
glycemic control from those with stress hyperglycemia. Moreover,
most of the COVID-19 patients were from the designated hospitals
for critical patients during the pandemic, which might cause a bias of
higher mortality rates. Hence, we tried to enlarge the sample size to
reduce the bias.

In conclusion, our study shows that FBG = 7.0 mmol/L can be a
predictive factor of 1-year all-cause mortality in COVID-19 patients,
independent of diabetes history. FBG = 7.0 mmol/L has an advantage
in predicting the severity, clinical sequelae, and pulmonary absorption

in COVID-19 patients without a history of diabetes. Early detection,
timely treatment, and strict control of blood glucose when finding
hyperglycemia in COVID-19 patients (with or without diabetes) are
critical for their prognosis.
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