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This retrospective study examined changes in fasting blood glucose (FBG) levels during
hospitalization and their effect on risk of death for Coronavirus disease 2019 (COVID-19)
patients without previously diagnosed diabetes. A model with low- and high-stable
pattern trajectories was established based on a longitudinal change in FBG levels. We
analyzed FBG trajectory-associated clinical features and risk factors for death due to
COVID-19. Of the 230 enrolled patients, 44 died and 87.83% had a low-stable pattern
(average FBG range: 6.63–7.54 mmol/L), and 12.17% had a high-stable pattern (average
FBG range: 12.59–14.02 mmol/L). There were statistical differences in laboratory findings
and case fatality between the two FBG patterns. Multivariable logistic regression analysis
showed that increased neutrophil count (odds ratio [OR], 25.43; 95% confidence interval
[CI]: 2.07, 313.03), elevated direct bilirubin (OR, 5.80; 95%CI: 1.72, 19.58), elevated
creatinine (OR, 26.69; 95% CI: 5.82, 122.29), lymphopenia (OR, 8.07; 95% CI: 2.70,
24.14), and high-stable FBG pattern (OR, 8.79; 95% CI: 2.39, 32.29) were independent
risk factors for higher case fatality in patients with COVID-19 and hyperglycemia but no
history of diabetes. FBG trajectories were significantly associated with death risk in
patients with COVID-19 and no diabetes.

Keywords: fasting blood glucose trajectory, COVID-19, glycemic control, SARS-CoV-2, longitudinal change
Abbreviations: FBG, fasting blood glucose; COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval;
GBTM, group-based trajectory modeling; DBIL, direct bilirubin.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2, has become a major threat
to global health since it was first reported in December 2019. As
of February 16, 2021, more than 100 million cases of COVID-19
have been confirmed worldwide, resulting in more than 2.4
million deaths (1). Pneumonia is the main clinical
manifestation of COVID-19. Mild cases may have no obvious
symptoms, whereas severe cases may involve severe respiratory
distress syndrome, septic shock, or multiple organ dysfunction
syndrome (2).

It is well-known that hyperglycemia and poor glycemic
control are established risk factors for most infectious diseases
(3, 4), including severe acute respiratory syndrome (5) and
Middle East respiratory syndrome (6). Hyperglycemia is
detrimental to the control of viremia and inflammation and
aggravates morbidity and mortality in patients. Previous studies
have shown that stress hyperglycemia due to an acute blood
glucose disorder can occur in patients with COVID-19, even in
those without a previous diagnosis of diabetes. Furthermore, it
has been confirmed that hyperglycemia is an independent poor
prognostic factor for COVID-19 with or without pre-existing
diabetes (7, 8).

Long-term hyperglycemia may induce abnormal coagulation
function, endothelial dysfunction, and inflammatory cytokine
overproduction caused by abnormal immune activation (9, 10).
Therefore, blood glucose control is necessary for recovery from
infectious diseases. Evidence indicates that poor glycemic control
in patients with COVID-19 is associated with a higher risk of
complications or case fatality (11–13). However, these studies, in
which fasting blood glucose (FBG) was presented in the form of
an initial value at admission or as a mean value during
hospitalization, have primarily focused on patients with pre-
existing diabetes. Moreover, they did not consider longitudinal
change in FBG related to COVID-19. Therefore, in this study, we
aimed to examine the association between longitudinal change in
COVID-19-related abnormal FBG and outcome for patients with
COVID-19 who without a previous diagnosis of diabetes.
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MATERIAL AND METHODS

Study Design and Participants
This retrospective study was conducted in three hospitals in Wuhan,
China, namely, Wuhan Union Hospital, Wuhan Union West
Hospital, and Wuhan Red Cross Hospital, all of which had been
mandatorily designated to treat patients with COVID-19. Ethical
approval was granted by the Institutional Ethics Committees of
Wuhan Union Hospital (No. 0036). No patients or medical staff
participated in the study design or statistical analysis.

A total of 1,474 adult patients with a laboratory-confirmed
diagnosis of COVID-19 had been admitted to one of the three
hospitals between January 14 and February 25, 2020. A diagnosis
of COVID-19 was laboratory-confirmed in accordance with the
interim guidance formulated by the World Health Organization
(14). We excluded 1,244 patients based on the following
exclusion criteria: (i) previous diagnosis of diabetes; (ii) admission
FBG <6.1 mmol/L (impaired fasting glucose was defined as
FBG >6.1 mmol/L according to the World Health Organization
guidelines (15); (iii) FBG measured less than three times during
hospitalization. Finally, 230 patients with COVID-19 were included
in the analysis. A patient selection flowchart is presented in Figure
1. All patients were followed up until discharge or in-hospital death.

Data Collection
Information derived from demographic data, clinical
manifestations, comorbidities, laboratory findings during
hospitalization, and final outcomes (discharge or death) of all
enrolled patients was acquired retrospectively from the admission
records of the relevant departments. Comorbidities included
chronic obstructive pulmonary disease, asthma, hypertension,
chronic cardiac disease, anemia, chronic kidney disease, chronic
hepatic disease, cerebrovascular disease, and malignant disease, all
of which had been diagnosed using standard criteria. Laboratory
findings included complete blood count, coagulation profile, renal
and liver function, and inflammation markers.

Clinical management was standardized and appeared to be
similar across the three hospitals, comprising antiviral therapy;
symptomatic and supportive treatment; empirical antimicrobial
FIGURE 1 | Flowchart of patient selection.
March 2021 | Volume 12 | Article 640529

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Song et al. Fasting Blood Glucose and COVID-19
therapy as appropriate to prevent or treat secondary infections;
and oxygen support, in accordance with the Diagnosis and
Treatment Plan for COVID-19 issued by the National Health
Commission of People’s Republic of China (6th Edition) (16).
Hypoglycemic therapy included oral hypoglycemic medications
and insulin injections. Patients were discharged at the discretion
of the attending physician after a standard prescribed set of
discharge criteria had been met, according to the aforementioned
Diagnosis and Treatment Plan (16).

Measurement of FBG
The timing and frequency of FBG monitoring varied from
person to person, depending on hyperglycemia severity, and
patients with severe hyperglycemia had more frequent FBG
surveillance accordingly. In our study, we collected FBG data
on at least three occasions during hospitalization, including at
admission and at discharge. All blood samplings had been
conducted under fasting conditions (overnight fasting for at
least 8 hours). Serum concentrations of FBG had been
measured using an automatic biochemical analyzer (AU5800
Analyzer; Beckman Coulter, Brea, CA).

Statistical Analysis
FBG trajectories were modeled using group-based trajectory
modeling (GBTM) for all enrolled participants with the FBG
measured more than three times, using SAS Proc Traj program.
GBTM, a form offinite mixedmodel, is applied to longitudinal data
to identify sharing common potential development trajectories of
group using maximum likelihood estimation, which has been
increasingly applied in clinical research (17, 18). One advantage
of GBTM is that its trajectories are not restricted to a single pattern
since GBTM does not assume a single functional form of
population, that is, it allows for group trajectories to rise, fall, or
remain stable. Optimal trajectory numbers in GBTM cannot be
selected and identified in advance; however, they can be identified
according to superior and inferior models in the process of
Frontiers in Endocrinology | www.frontiersin.org 3
statistical analysis (17, 19). After exploring various numbers of
potential trajectories and the polynomial orders of each trajectory,
the optimal trajectory model was selected, which had the smallest
Bayesian information criterion value. Moreover, the number of
observed objects in each trajectory was guaranteed to account for at
least 5% of the total number of cases, and the average posterior
probability of each trajectory was >70% (18). Finally, two FBG
trajectories were obtained in this study (Figure 2). The optimal
FBG trajectory model was a polynomial order 2,0 model. Patients
were categorized as having either “low-stable pattern” or “high-
stable pattern” and two patient groups were formed accordingly.

Descriptive statistics were used to describe patient baseline data.
Categorical variables are presented as numbers with percentage
proportions, and continuous variables are expressed as mean ±
standard deviation, if they were normally distributed, or as median
(interquartile range [IQR]), if they were non-normally distributed.
Proportions for categorical variables were compared using the c2
test, Cochran-Mantel-Hensel c2 test, or Fisher’s exact test. All
laboratory data are presented as average concentrations based on
measurements during hospitalization, including at admission and at
discharge. The optimal cut-off value was determined using Youden’s
index. In the descriptive analysis, the characteristics of the data were
compared according to survival status and trajectory classes.

We conducted univariable and multivariable logistics
regression analysis to identify factors correlating with case
fatality, whose variables were screened using least absolute
shrinkage and selection operator (LASSO) regression analysis
to avoid overfitting for the large number of variables. A Kaplan-
Meier survival curve was plotted to determine the relationship
between the FBG patterns and the final outcomes. Linear mixed
model was used to describe the relationship between changes in
FBG levels and COVID-19 survivors and non-survivors. We
analyzed the association between reduction in FBG level during
hospitalization and prognosis using logistical regression. Pearson
correlation coefficient was used to evaluate the correlation between
glycemic variations and the evolution of biochemical parameters.
FIGURE 2 | Fasting blood glucose trajectories with low-stable and high-stable patterns based on longitudinal change in fasting blood glucose.
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R software (version 3.6.3) was used to calculate Pearson’s
correlation coefficient, and other analyses were conducted using
SAS version 9.4 software.
RESULTS

Demographics and Clinical Features of
Patients
From January 14 to February 25, 2020, 1,474 patients with confirmed
COVID-19 had been admitted to the aforementioned three
hospitals. After excluding 309 patients with a previous diagnosis of
diabetes, 742 with an FBG <6.1mmol/L at admission, and 193 whose
FBG had beenmeasured less than three times during hospitalization,
a total of 230 patients were retrospectively enrolled in final analysis
(Figure 1). All of these patients had hyperglycemia during
hospitalization (average FBG, 7.70 mmol/L).

The baseline data and clinical features of all patients are
shown in Table 1. The median age of these patients was 63 (IQR,
54–70) years, and 139 (59.13%) were men. Among the 230
patients, 44 (19.13%) died during hospitalization. Compared
with survivors, there were more elderly patients (63.64% vs.
35.48%, P = 0.0006) among non-survivors. Moreover, non-
survivors were more likely to present expectoration (55.00% vs.
37.58%, P = 0.0444), have a history of malignant disease (15.00%
vs. 4.46%, P = 0.0165), and require invasive mechanical
ventilation (IMV) (38.64% vs. 4.84%, P < 0.0001).

In terms of treatment, the use of antibiotic (90.91% vs.
72.58%, P = 0.018), corticosteroid (59.09% vs. 36.02%, P =
0.0050), and hypoglycemic therapy (13.64% vs. 2.69%, P =
0.0022) was more common among non-survivors than
survivors, whereas the use of traditional Chinese medicine
(63.44% vs. 31.81, P = 0.0001) and antihypertensive medicine
(23.12% vs. 6.82%, P = 0.0263) was more common in survivors
than in non-survivors. There were no significant differences in
the use of antiviral (P > 0.9999) and lipid-lowing therapy (P =
0.6350) between survivors and non-survivors.

The results of relevant laboratory examinations are shown in
Table 1. We found that, compared with survivors, non-survivors
weremore likely to have abnormal routine blood test results, elevated
hepatic and renal biochemical indicators, hypoproteinemia, and
coagulation function disorders. The FBG in non-survivors
(median, 9.35; IQR, 8.13–11.97) were higher than those in
survivors (median, 6.49; IQR, 5.92–7.52; P < 0.0001).

FBG Trajectories of Patients
The study population was categorized based on two observed
trajectories of FBG during hospitalization. These trajectories were
based on FBG levels and changing patterns (Figure 2): 87.83% (n
= 202) of patients with sustained abnormal but relatively low FBG
levels (categorized as “low-stable pattern”, in which the mean FBG
levels ranged from 6.63 to 7.54 mmol/L during hospitalization),
and 12.17% (n = 28) of patients with sustained high FBG levels
(categorized as “high-stable pattern”, in which the mean FBG
levels ranged from 12.59 to 14.02 mmol/L during hospitalization).
The proportion of non-surviving patients with a high-stable
Frontiers in Endocrinology | www.frontiersin.org 4
pattern was 38.64%, which was found to be considerably higher
than that of survivors (5.91%; P < 0.0001) (Table 1).

Clinical Features Between Patients With
Low- or High-Stable FBG Patterns
The clinical features concerning all patients with low- or high-
stable FBG patterns are presented in Supplementary Table 1.
Compared with patients having the low-stable pattern, those
with the high-stable pattern were found to be older (median age,
69.50 vs 63.00 years; P = 0.0359) and to have a malignant disease
(17.39% vs. 5.17%, P = 0.0265). There were no statistically
significant differences in terms of onset symptoms and
comorbidities, except for the presence of malignant disease,
between the low- and the high-stable pattern groups. However,
individuals with the high-stable pattern were more likely to
accept IMV treatment throughout their whole course than
those with the low-stable pattern (28.57% vs. 8.91%, P =
0.0021). Furthermore, in patients with the high-stable pattern,
the use of corticosteroid (64.29% vs. 37.13%, P = 0.0061) and
hypoglycemic therapy (39.29% vs. 0, P < 0.0001) was more
common than in those with low-stable pattern.

Laboratory findings indicated several differences between the
two FBG pattern groups. The high-stable pattern group had
higher blood cell and neutrophil counts than the low-stable
pattern group (96.43% vs. 69.31%, P = 0.0026; 96.43% vs.
54.95%, P < 0.0001, respectively), but lower platelet, lymphocyte,
and monocyte counts (53.57% vs. 14.85%, P < 0.0001; 57.14% vs.
22.77%, P = 0.0001; 21.43% vs. 3.96%, P = 0.0001, respectively).
Compared with patients in the low-stable pattern group, those in
the high-stable pattern had a higher level of direct bilirubin (DBIL)
(64.29% vs. 37.13%, P = 0.0061), a higher prothrombin time
(57.14% vs. 33.85%, P = 0.0005), and a lower level of total
protein (60.71% vs. 20.79%, P < 0.0001). In addition, 92.59% of
patients in the high-stable pattern group had a high C-reactive
protein level, which was significantly higher than in patients in the
low-stable pattern group (58.88%, P = 0.0007). The survival
analysis showed that the high-stable pattern was significantly
associated with increased case fatality (Figure 3).

Factors Associated With Case Fatality
The number of deaths (n = 44) in our study was relatively low
and the number of variables included in this analysis was
relatively large; therefore, the LASSO model (Supplementary
Figure 1), in combination with clinical relevance, was used to
screen the variables for logistic regression analysis. Age, sex,
neutrophil count, lymphocyte count, eosinophil count, DBIL,
prealbumin, creatinine, uric acid, prothrombin time, and FBG
trajectory patterns were selected for univariable logistic
regression analysis. Univariate logistic regression analysis
showed that older age; lymphopenia; eosinophilia; an increased
neutrophil count; elevated DBIL, prealbumin, creatinine, and
uric acid; prolonged prothrombin time; and the high-stable FBG
pattern were associated with higher case fatality (Table 2).

Multivariable logistic regression analysis showed that increased
neutrophil count (OR, 25.43; 95% CI: 2.07, 313.03; P = 0.0115),
elevated DBIL (OR, 5.80; 95% CI: 1.72, 19.58; P = 0.0047), elevated
March 2021 | Volume 12 | Article 640529
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TABLE 1 | Baseline clinical characteristics and laboratory findings concerning patients with COVID-19 and hyperglycemia without previous diagnosis of diabetes.

Variables All patients (n = 230) Non-survivor (n = 44) Survivor (n = 186) P-value

Age, years
Median, (IQR) 63.00 (54.00, 70.00) 69.00 (61.00, 73.50) 62.00 (52.00, 69.00) 0.0016
≤65, n (%) 136 (59.13) 16 (36.36) 120 (64.52) 0.0006
>65, n (%) 94 (40.87) 28 (63.64) 66 (35.48)

Sex
Female, n (%) 91 (39.57) 14 (31.82) 77 (41.40) 0.2426
Male, n (%) 139 (60.43) 30 (68.18) 109 (58.60)

Onset symptoms
Fever, n (%) 183/218 (83.94) 31/41 (75.61) 152/177 (85.88) 0.1067
Pharyngalgia, n (%) 8/201 (3.98) 2/38 (5.26) 6/163 (3.68) 0.6475
Fatigue, n (%) 100/206 (48.54) 21/39 (53.85) 79/167 (47.31) 0.4618
Muscular soreness, n (%) 42/203 (20.69) 12/38 (31.58) 30/165 (18.18) 0.0661
Cough, n (%) 158/210 (75.24) 27/40 (67.50) 131/170 (77.06) 0.2076
Expectoration, n (%) 84/205 (40.98) 22/40 (55.00) 62/165 (37.58) 0.0444
Hemoptysis, n (%) 6/202 (2.97) 0 6/164 (3.66) 0.5965
Dyspnea, n (%) 81/204 (39.71) 19/40 (47.50) 62/164 (37.80) 0.2612
Rhinorrhea, n (%) 3/202 (1.49) 1/40 (2.50) 2/162 (1.23) 0.4861
Nausea, n (%) 17/203 (8.37) 3/38 (7.89) 14/165 (8.48) > 0.9999
Vomiting, n (%) 14/203 (6.90) 2/38 (5.26) 12/165 (7.27) >0.9999
Stomach ache, n (%) 4/203 (1.97) 1/39 (2.56) 3/164 (1.83) 0.5770
Diarrhea, n (%) 29/204 (14.22) 6/40 (15.00) 23/164 (14.02) 0.8741
Poor appetite, n (%) 36/203 (17.73) 4/39 (10.26) 32/164 (19.51) 0.1738
Headache, n (%) 11/202 (5.45) 1/40 (2.50) 10/162 (6.17) 0.6964
Delirium, n (%) 0 0 0 0.3593
Chest distress, n (%) 66/204 (32.35) 17/40 (42.50) 49/164 (29.88) 0.1260
Non-symptoms, n (%) 0 0 0 0.1260

Comorbidity
Chronic obstructive pulmonary disease, n (%) 3/198 (1.52) 1/40 (2.50) 2/158 (1.27) 0.4938
Asthma, n (%) 3/198 (1.52) 0 3/158 (1.90) >0.9999
Hypertension, n (%) 74/202 (36.63) 15/40 (37.50) 59/162 (36.42) 0.8989
Chronic cardiac disease, n (%) 27/201 (13.43) 4/40 (10.00) 23/161 (14.29) 0.4768
Anemia, n (%) 1/197 (0.51) 1/40 (2.50) 0 0.2030
Chronic kidney disease, n (%) 9/197 (4.57) 3/40 (7.50) 6/157 (3.82) 0.3908
Chronic hepatic disease, n (%) 5/197 (2.54) 0 5/157 (3.18) 0.5852
Cerebrovascular disease, n (%) 6/197 (3.05) 2/40 (5.00) 4/157 (2.55) 0.6034
Malignant disease, n (%) 13/197 (6.60) 6/40 (15.00) 7/157 (4.46) 0.0165

Respiratory support
Invasive mechanical ventilation, n (%) 26/230 (11.30) 17/44 (38.64) 9/186 (4.84) <0.0001

Treatment
Traditional Chinese medicine, n (%) 132/230 (57.39) 14/44 (31.81) 118/230 (63.44) 0.0001
Antiviral therapy, n (%) 210/230 (91.30) 40/44 (90.91) 170/186 (91.40) <0.9999
Antibiotic therapy, n (%) 175/230 (76.09) 40/44 (90.91) 135/186 (72.58) 0.0180
Corticosteroid, n (%) 93/230 (40.43) 26/44 (59.09) 67/186 (36.02) 0.0050
Intravenous immunoglobin, n (%) 58/230 (25.22) 12/44 (27.27) 46/186 (24.73) 0.7270
Antihypertensive medicine, n (%) 46/230 (20.00) 3/44 (6.82) 43/186 (23.12) 0.0263
Lipid-lowering therapy, n (%) 11/230 (4.78) 1/44 (2.27) 10/186 (5.38) 0.6350
Hypoglycemic therapy, n (%) 11/230 (4.78) 6/44 (13.64) 5/186 (2.69) 0.0022

Laboratory findings
Fasting blood glucose, mmol/L
Median, (IQR) 6.79 (6.05, 8.49) 9.35 (8.13, 11.97) 6.49 (5.92, 7.52) <0.0001
Low-stable, n (%) 202/230 (87.83) 27/44 (61.36) 175/186 (94.09) <0.0001
High-stable, n (%) 28/230 (12.17) 17/44 (38.64) 11/186 (5.91)

White blood cell count, ×109 /L 0.0002
≤5.6, n (%) 63/230 (27.39) 2/44 (4.55) 61/186 (32.80)
>5.6, n (%) 167/230 (72.61) 42/44 (95.45) 125/186 (67.20)

Red blood cell count, ×1012 /L 0.1443
≤4.0, n (%) 129/230 (56.09) 29/44 (65.91) 100/186 (53.76)
>4.0, n (%) 101/230 (43.91) 15/44 (34.09) 86/186 (46.24)

Platelet count, ×109 /L <0.0001
≤136, n (%) 45/230 (19.57) 23/44 (52.27) 22/186 (11.83)
>136, n (%) 185/230 (80.43) 21/44 (47.73) 164/186 (88.17)

Neutrophil count, ×109 /L <0.0001
≤4.7, n (%) 92/230 (40.00) 2/44 (4.55) 90/186 (48.39)

(Continued)
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TABLE 1 | Continued

Variables All patients (n = 230) Non-survivor (n = 44) Survivor (n = 186) P-value

>4.7, n (%) 138/230 (60.00) 42/44 (95.45) 96/186 (51.61)
Lymphocyte count, ×109 /L <0.0001
≤0.7, n (%) 62/230 (26.96) 33/44 (75.00) 29/186 (15.59)
>0.7, n (%) 168/230 (73.04) 11/44 (25.00) 157/186 (84.41)

Monocyte count, ×109 /L <0.0001
≤0.2, n (%) 14/230 (6.09) 10/44 (22.73) 4/186 (2.15)
>0.2, n (%) 216/230 (93.91) 34/44 (77.27) 182/186 (97.85)

Eosinophil count, ×109 /L <0.0001
≤0.01, n (%) 23/230 (10.00) 13/44 (29.55) 10/186 (5.38)
>0.01, n (%) 207/230 (90.00) 31/44 (70.45) 176/186 (94.62)

Basophil count, ×109 /L <0.0001
≤0.01, n (%) 38/230 (16.52) 7/44 (15.91) 31/186 (16.67)
>0.01, n (%) 192/230 (83.48) 37/44 (84.09) 155/186 (83.33)

Total bilirubin, µmol/L <0.0001
≤12.3, n (%) 113/230 (49.13) 9/44 (20.45) 104/186 (55.91)
>12.3, n (%) 117/230 (50.87) 35/44 (79.55) 82/186 (44.09)

Direct bilirubin, µmol/L <0.0001
≤4.6, n (%) 137/230 (59.57) 7/44 (15.91) 130/186 (69.89)
>4.6, n (%) 93/230 (40.43) 37/44 (84.09) 56/186 (30.11)

Alanine aminotransferase, U/L 0.4284
≤23.3, n (%) 25/230 (10.87) 3/44 (6.82) 22/186 (11.83)
>23.3, n (%) 205/230 (89.13) 41/44 (93.18) 164/186 (88.17)

Aspartate aminotransferase, U/L 0.0313
≤27.2, n (%) 61/230 (26.52) 6/44 (13.64) 55/186 (29.57)
>27.2, n (%) 169/230 (73.48) 38/44 (86.36) 131/186 (70.43)

Alkaline phosphatase, U/L 0.0014
≤53, n (%) 44/228 (19.30) 1/44 (2.27) 43/184 (23.37)
>53, n (%) 184/228 (80.70) 43/44 (97.73) 141/184 (76.63)

Glutamyl transpeptidase, U/L 0.9278
≤27.3, n (%) 53/228 (23.25) 10/44 (22.73) 43/184 (23.37)
>27.3, n (%) 175/228 (76.75) 34/44 (77.27) 141/184 (76.63)

Total protein, g/L <0.0001
≤58.6, n (%) 59/230 (25.65) 23/44 (52.27) 36/186 (19.35)
>58.6, n (%) 171/230 (74.35) 21/44 (47.73) 150/186 (80.65)

Globulin, g/L 0.4592
≤30.5, n (%) 95/230 (41.30) 16/44 (36.36) 79/186 (42.47)
>30.5, n (%) 135/230 (58.70) 28/44 (63.64) 107/186 (57.53)

Prealbumin, mg/L <0.0001
≤100.6, n (%) 37/210 (17.62) 24/44 (54.55) 13/166 (7.83)
>100.6, n (%) 173/210 (82.38) 20/44 (45.45) 153/166 (92.17)

Albumin, g/L <0.0001
≤33.8, n (%) 163/230 (70.87) 44/44 (100.00) 119/186 (63.98)
>33.8, n (%) 67/230 (29.13) 0 67/186 (36.02)

Total bile acid, µmol/L 0.0695
≤3.5, n (%) 95/228 (41.67) 13/44 (29.55) 82/184 (44.57)
>3.5, n (%) 133/228 (58.33) 31/44 (70.45) 102/184 (55.43)

Creatinine, µmol/L <0.0001
≤111, n (%) 203/230 (88.26) 24/44 (54.55) 179/186 (96.24)
>111, n (%) 27/230 (11.74) 20/44 (45.45) 7/186 (3.76)

Blood Urea Nitrogen, mmol/L <0.0001
≤8.2, n (%) 174/230 (75.65) 14/44 (31.82) 160/186 (86.02)
>8.2, n (%) 56/230 (24.35) 30/44 (68.18) 26/186 (13.98)

Uric acid, µmol/L 0.0001
≤428, n (%) 217/230 (94.35) 36/44 (81.82) 181/186 (97.31)
>428, n (%) 13/230 (5.65) 8/44 (18.18) 5/186 (2.69)

Creatine kinase, U/L 0.0002
≤83, n (%) 108/214 (50.47) 11/44 (25.00) 97/170 (57.06)
>83, n (%) 106/214 (49.53) 33/44 (75.00) 73/170 (42.94)

D-dimer, µg/mL <0.0001
≤0.97, n (%) 84/223 (37.67) 2/43 (4.65) 82/180 (45.56)
>0.97, n (%) 139/223 (62.33) 41/43 (95.35) 98/180 (54.44)

Prothrombin time, s <0.0001
≤14.3, n (%) 158/223 (70.85) 13/43 (30.23) 145/180 (80.56)

(Continued)
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creatinine (OR, 26.69; 95% CI: 5.82, 122.29; P < 0.0001),
lymphopenia (OR, 8.07; 95% CI: 2.70, 24.14; P = 0.0002), and
high-stable FBG pattern (OR, 8.79; 95% CI: 2.39, 32.29; P = 0.0011)
were independent risk factors for higher case fatality in patients with
COVID-19 with hyperglycemia but with no history of diabetes
(Table 2). Finally, FBG levels were higher and tended to increase
during hospitalization in non-survivors more than in survivors (P <
0.001, Supplementary Figure 2).

The Relationship Between a Reduction
in the FBG Level During Hospitalization
and Prognosis
Among the 230 patients, 11 (4.78%) who had been treated with
hypoglycemic therapy were all in the high-stable pattern group.
There were no statistically significant differences in terms of patient’s
outcomes for those treated with or without hypoglycemic therapy in
Frontiers in Endocrinology | www.frontiersin.org 7
the patients with a high-stable pattern (P = 0.7011). In 146 patients
(63.48%), including 9 patients who died, final FBG levels prior to
discharge or death decreased relative to their on-admission FBG,
whereas 84 patients (36.52%), including 35 who died, had increased
final FBG relative to their on-admission FBG. Patients with
decreased FBG had a lower risk of death compared to those with
increased FBG (OR, 0.092; 95% CI: 0.041, 0.205; P < 0.0001).

In Supplementary Figure 3, we present the results of
associations between the glycemic variations and the evolution
of biochemical parameters. There were several statistically
significant correlations between the glycemic variations and
routine blood tests, liver and kidney function, and coagulation
indicators; however, Pearson’s correlation coefficients (r) were all
very small (all r < 0.4) suggesting that the strength of these
relationships was weak.
DISCUSSION

In this study, we analyzed clinical characteristics and outcomes
in relation to 230 patients with COVID-19 and abnormal FBG
but without a previous diagnosis of diabetes. In preliminary
study, we found that FBG ≥7.0 mmol/L at admission could
predict the risk of 28-day mortality in patients with COVID-19
without previous diagnosis of diabetes (7). It has also been
reported that at-admission hyperglycemia (at-admission
glycemia ≥7.78 mmol/L) is a major and independent risk
factor associated with a poor prognosis in people hospitalized
for COVID-19 (20). However, much of our understanding of
FBG levels in patients with COVID-19 has been derived from
cross-sectional data. In this study, we investigated changes in
FBG in hospitalized patients throughout the course of their
treatment for COVID-19. This current study extended those
findings to demonstrate that not only is at-admission glycemia
TABLE 1 | Continued

Variables All patients (n = 230) Non-survivor (n = 44) Survivor (n = 186) P-value

>14.3, n (%) 65/223 (29.15) 30/43 (69.77) 35/180 (19.44)
International Normalized Ratio <0.0001
≤1.1, n (%) 141/223 (63.23) 13/43 (30.23) 128/180 (71.11)
>1.1, n (%) 82/223 (36.77) 30/43 (69.77) 52/180 (28.89)

Activated partial thromboplastin time, s <0.0001
≤40.2, n (%) 164/226 (72.57) 19/43 (44.19) 145/183 (79.23)
>40.2, n (%) 62/226 (27.43) 24/43 (55.81) 38/183 (20.77)

Thromboplastin time, s 0.0123
≤16.5, n (%) 164/218 (75.23) 26/43 (60.47) 138/175 (78.86)
>16.5, n (%) 54/218 (24.77) 17/43 (39.53) 37/175 (21.14)

Fibrinogen, g/L 0.0568
≤4.1, n (%) 124/226 (54.87) 18/43 (41.86) 106/183 (57.92)
>4.1, n (%) 102/226 (45.13) 25/43 (58.14) 77/183 (42.08)

C-reactive protein, mg/L <0.0001
≤21.4, n (%) 83/224 (37.05) 0 83/180 (46.11)
>21.4, n (%) 141/224 (62.95) 44/44 (100.00) 97/180 (53.89)

Erythrocyte sedimentation rate, mm/h 0.6486
≤22, n (%) 10/91 (10.99) 2/14 (14.29) 8/77 (10.39)
>22, n (%) 81/91 (89.01) 12/14 (85.71) 69/77 (89.61)
M
arch 2021 | Volume 12 | Articl
Data are median (IQR) or n (%). P-values were calculated using c2 test, Cochran–Mantel–Haenszel c2 test, Fisher’s exact test or Wilcoxon rank-sum test, as appropriate.
IQR, interquartile range.
FIGURE 3 | Survival analysis between low-stable and high-stable pattern
trajectories.
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important, but also that certain populations, such as patients
with high-stable FBG patterns, were more likely to have
consistently high FBG levels, placing them at higher risk of a
poor outcome than those with low FBG levels.

We observed heterogeneous FBG patterns in patients with
COVID-19 during their entire hospitalization period. We
identified two distinctive trajectories, namely, low-stable and
high-stable patterns. The average FBG level ranged from 6.63
mmol/L to 7.54 mmol/L in patients with the low-stable pattern,
whereas the average FBG level ranged from 12.59 mmol/L to 14.02
mmol/L in patients with the high-stable pattern. This finding
indicated that patients with a high-stable pattern fulfilled
diagnostic criteria for diabetes, which involve a patient having
classic symptoms of hyperglycemia or a hyperglycemic crisis and a
random plasma glucose level ≥200 mg/dl (11.1 mmol/L) (21). Our
study findings showed that corticosteroid therapy was associated
with patient outcomes and the FBG trajectory. It is known that
corticosteroids can induce hyperglycemia, which results from
impairment of multiple pathways affecting carbohydrate
metabolism. Glucocorticoids cause hepatic insulin resistance,
resulting in increased hepatic glucose output and induce
peripheral insulin resistance, which predominantly reflects
insulin action in skeletal muscle (22). The American Diabetes
Association defined stress-induced hyperglycemia as >140 mg/dl
(7.77 mmol/L) in patients with no previous diagnosis of diabetes
(23). Although many patients have multiple episodes of abnormal
FBG during hospitalization, it remains unclear whether a patient
should be diagnosed with type 2 diabetes, considering the
possibility of stress hyperglycemia and the effect of medications
on blood glucose. In a prospective cohort study, discrete FBG
trajectories were significantly associated with subsequent risk of
myocardial infarction and cancer in individuals without diabetes
(24, 25). In addition to diabetes, changes in FBG may also play a
Frontiers in Endocrinology | www.frontiersin.org 8
key role in the development of other diseases. Moreover, the FBG
data were more accessible than other laboratory indicators and the
relationship between FBG trajectories and disease, except diabetes,
was also more closely investigated.

Individuals with the high-stable pattern were more likely to have
abnormal laboratory data in relation to including inflammatory cell
counts (neutrophil, lymphocyte, and monocyte counts), serum liver
and kidney function indicators, and coagulation function indicators
than those with the low-stable pattern (Supplementary Table 1). A
previous study revealed that hyperglycemia (12 mmol/L), regardless
of the level of insulin, activated the coagulation cascade (13). In our
study, 89.29% of the patients with the high-stable pattern had high
D-dimer levels, which was consistent with the results reported in
the aforementioned studies. Moreover, patients with systemic
inflammatory response syndrome tend to be hyperglycemic (26).
One clinical trial reported that hyperglycemia also enhanced
coagulation and reduced neutrophil degranulation in patients
during systemic inflammation (27). These results further
support our findings.

The findings of our analysis indicated that participants with a
high-stable FBG pattern had a higher risk of death. These
findings provide a novel insight into the long-term patterns of
FBG change and highlight that, among patients with COVID-19
without diabetes, there are heterogeneous FBG trajectories. To
our knowledge, no prior study has examined the potential effect
of FBG trajectories on the risk of death in patients with COVID-
19 and with no prior diagnosis of diabetes. Similarly, it has been
reported that severe hyperglycemia after admission is a strong
predictor of death among patients with COVID-19 not requiring
intensive care unit admission (28), which is consistent with our
results. A recent study found that patients who had higher
average glucose during their first week of hospitalization were
more likely to have comorbidity and abnormal laboratory
TABLE 2 | Univariable and multivariable analyses for death concerning all study patients.

Univariable analysis OR (95% CI) P-value Multivariable analysis OR (95% CI) P-value

FBG trajectories Low-stable Ref
High-stable 10.02 (4.24, 23.67) <0.0001 8.79 (2.39, 32.29) 0.0011

Age, years ≤65 Ref
>65 3.18 (1.61, 6.30) 0.0009

Sex Female 0 (ref)
Male 1.51 (0.75, 3.04) 0.2447

Neutrophil count, ×109 /L ≤4.7 0 (ref)
>4.7 19.69 (4.63, 83.71) <0.0001 25.43 (2.07, 313.03) 0.0115

Direct bilirubin, µmol/L ≤4.6 0 (ref)
>4.6 12.27 (5.16, 29.18) <0.0001 5.80 (1.72, 19.58) 0.0047

Creatinine, µmol/L ≤111 0 (ref)
>111 21.30 (8.15, 55.65) <0.0001 26.69 (5.82, 122.29) <0.0001

Prothrombin time, s ≤14.3 0 (ref)
>14.3 9.56 (4.52, 20.20) <0.0001

Lymphocyte count, ×109 /L ≤0.7 16.24 (7.38, 35.75) 8.07 (2.70, 24.14) 0.0002
>0.7 1 (ref) <0.0001

Uric acid, µmol/L ≤428 0 (ref)
>428 8.04 (2.49, 26.00) 0.0005

Prealbumin, g/L ≤100.6 14.12 (6.22, 32.07)
>100.6 1 (ref) <0.0001

Eosinophil count, ×109 /L ≤0.01 0 (ref)
>0.01 7.38 (2.98, 18.31) <0.0001
March 2021 | Volume 12 | Article
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markers, and were at greater risk of severe pneumonia, acute
respiratory distress syndrome, and death (29). Our data further
confirmed that higher FBG during the entire hospitalization was
independently correlated with death. Our findings indicate that a
patient’s FBG is a more sensitive marker of metabolic balance.

Results of our multivariable logistic regression analysis also
showed that increased neutrophil count, elevated DBIL and
creatinine, and lymphopenia were independently associated
with case fatality in patients with COVID-19 and no prior
diagnosis of diabetes (Table 2). In addition, our findings
suggest that non-survivors of COVID-19 were more likely to
accept IMV treatment than survivors. Moreover, a higher
proportion of patients with the high-stability FBG pattern
received IMV treatment than those with the low-stability
FBG pattern.

Our findings provide direct evidence to support recent
suggestions that regularly monitoring FBG in patients with
COVID-19 is of significance in terms of public health, and for
clinical diagnosis and treatment. One recent study reported that
continuous glucose monitoring was more sensitive than HbA1c
and fasting glucose measurements in detecting dysglycemia in a
Spanish population without diabetes; therefore, continuous
blood glucose monitoring could facilitate screening and
prompt treatment in patients with suspected dysglycemia (27).
We recommend that more attention should be paid to the
trajectories of the FBG pattern throughout the disease course
rather than focusing particularly on one single measurement. It
has been previously reported that well-controlled blood glucose
levels and maintaining glycemic variability within 3.9–10.0
mmol/L is associated with a significant reduction in composite
adverse outcomes and death among patients with COVID-19
with type 2 diabetes (11). A retrospective study of 2,748 medical
patients in an intensive care unit showed that blood glucose levels
exceeding the upper and lower limits of the normoglycemic range
(4.4–6.1 mmol/L) sustained over time, a high amplitude variation,
and a high entropy of blood glucose time series were independently
associated with hospital mortality (30). Therefore, these findings
suggest that sustained high levels or a high amplitude variation of
FBG might not be beneficial for patients with COVID-19.

Nevertheless, hypoglycemic therapy, especially insulin
treatment, has remained controversial for patients with COVID-
19. No significant difference was found between patients treated
with hypoglycemic therapy and those who were not in the high-
stable pattern group in this study, which may be due to the smaller
number of patients included. However, our data showed that
reducing the FBG level during hospitalization may improve
prognosis, suggesting that a decreased FBG may be a protective
factor. One study reported that, among 25 patients with glycemic
levels >7.7 mmol/L, 10 patients treated without insulin infusion
had a higher risk of severe disease, including increased mortality,
compared with 15 patients treated with insulin infusion (13).
However, insulin treatment has been reportedly associated with
increased mortality in patients with COVID-19 and type 2 diabetes
(31). However, randomized controlled studies involving tight
glycemic control have reported increased incidences of
hypoglycemia when targeting normoglycemia (32). Moreover, a
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clear association has been found between the occurrence of
hypoglycemia and increased mortality in critically ill patients
(32), possibly due to a lack of timely changes in medication or
dose adjustment. Thus, regular FBGmonitoring is vital for assisting
clinicians in making treatment adjustments. For critically ill
patients or those with severe sepsis, the recommended strategy
for glycemic control is that insulin therapy should be started when
blood glucose exceeds 180 mg/dl (10 mmol/L), with a goal of
maintaining blood glucose between 144 and 180 mg/dL (8–10
mmol/L) using insulin, as necessary (33, 34). Although there are no
data regarding optimal glycemic targets for inpatients with
COVID-19, it is clear that extreme FBG levels can lead to poor
outcomes, and that continuous blood glucose monitoring and
timely and appropriate blood glucose control may contribute to
positive patient outcomes.

Due to its retrospective design and the unprecedented scale of
the COVID-19 pandemic, this study had several limitations.
First, this was a retrospective study. Second, out study comprised
a small number of participants. Because the FBG measurement
time was not regular and repeat FBG examinations might have
been scheduled according to the change in the patient’s
condition. Third, HbA1c data, used for the assessment of
glycemic status before admission, were missing; therefore, we
could not distinguish whether elevated FBG levels corresponded
to stress hyperglycemia or to a previous history of diabetes.
Fourth, the data lacked external validation.

In conclusion, in this study, we identified two FBG
trajectories and found that these patterns were significantly
associated with the risk of death in patients with COVID-19
without diabetes. Monitoring FBG trajectories may provide an
important approach to assist clinicians in assessing disease
conditions and in adjusting medication or dosages. Future
research needs to explore the key risk factors associated with
elevated FBG trajectories.
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Supplementary Figure 1 | Variables selection using LASSO regression model.
(A) Tuning parameters (l) selection in LASSO model used 10-fold cross-validation
viaminimum criteria. (B) LASSO coefficient profile of 42 clinical features (age, sex, 8
treatments, and 32 laboratory indices).

Supplementary Figure 2 | Relationship between changes in fasting blood
glucose levels and the monitoring time in survivors and non-survivors.

Supplementary Figure 3 | Visual correlation matrix of glycemic variations and
the evolution of biochemical parameters. This figure provides a visual representation
of the respective correlations as measured using Pearson’s correlation coefficients
(r), based on P = 0.05. The color-intensity signal indicates correlation strength,
whereas the blue and red colors indicate strong positive and negative correlations,
respectively. * <0.05. (A) The metrics (columns) represent biochemical parameters
in blood routine test. (B) The metrics (columns) represent biochemical parameters in
hepatic and renal function tests. (C) The metrics (columns) represent biochemical
parameters in coagulation function test.
REFERENCES
1. WHO. Coronavirus disease (COVID-19) pandemic. Available at: https://www.

who.int/emergencies/diseases/novel-coronavirus-2019 (Accessed 2021
February 17).

2. Wu Z, McGoogan JM. Characteristics of and Important Lessons From the
Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a
Report of 72 314 Cases From the Chinese Center for Disease Control and
Prevention. Jama (2020) 323:1239–42. doi: 10.1001/jama.2020.2648

3. Benfield T, Jensen JS, Nordestgaard BG. Influence of diabetes and
hyperglycaemia on infectious disease hospitalisation and outcome.
Diabetologia (2007) 50:549–54. doi: 10.1007/s00125-006-0570-3

4. Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio E, Gao
P, Sarwar N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific
death. New Engl J Med (2011) 364:829–41. doi: 10.1056/NEJMoa1008862

5. Yang JK, Feng Y, Yuan MY, Yuan SY, Fu HJ, Wu BY, et al. Plasma glucose
levels and diabetes are independent predictors for mortality and morbidity in
patients with SARS. Diabetic Med J Br Diabetic Assoc (2006) 23:623–8. doi:
10.1111/j.1464-5491.2006.01861.x

6. Alanazi KH, Abedi GR, Midgley CM, Alkhamis A, Alsaqer T, Almoaddi A,
et al. Diabetes Mellitus, Hypertension, and Death among 32 Patients with
MERS-CoV Infection, Saudi Arabia. Emerging Infect Dis (2020) 26:166–8. doi:
10.3201/eid2601.190952

7. Wang S, Ma P, Zhang S, Song S, Wang Z, Ma Y, et al. Fasting blood glucose at
admission is an independent predictor for 28-day mortality in patients with
COVID-19 without previous diagnosis of diabetes: a multi-centre retrospective
study. Diabetologia (2020) 63:2102–11. doi: 10.1007/s00125-020-05209-1

8. Zhang Y, Li H, Zhang J, Cao Y, Zhao X, Yu N, et al. The clinical characteristics
and outcomes of patients with diabetes and secondary hyperglycaemia with
coronavirus disease 2019: A single-centre, retrospective, observational study
in Wuhan. Diabetes Obes Metab (2020) 22:1443–54. doi: 10.1111/dom.14086

9. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M, et al.
Inflammatory cytokine concentrations are acutely increased by
hyperglycemia in humans: role of oxidative stress. Circulation (2002)
106:2067–72. doi: 10.1161/01.CIR.0000034509.14906.AE

10. Nieuwdorp M, van Haeften TW, Gouverneur MC, Mooij HL, van Lieshout
MH, Levi M, et al. Loss of endothelial glycocalyx during acute hyperglycemia
coincides with endothelial dysfunction and coagulation activation in vivo.
Diabetes (2006) 55:480–6. doi: 10.2337/diabetes.55.02.06.db05-1103

11. Zhu L, She ZG, Cheng X, Qin JJ, Zhang XJ, Cai J, et al. Association of Blood
Glucose Control andOutcomes in Patients with COVID-19 and Pre-existing Type
2 Diabetes. Cell Metab (2020) 31:1068–77.e3. doi: 10.1016/j.cmet.2020.04.021
12. Bode B, Garrett V, Messler J, McFarland R, Crowe J, Booth R, et al. Glycemic
Characteristics and Clinical Outcomes of COVID-19 Patients Hospitalized in
the United States. J Diabetes Sci Technol (2020) 14:813–21. doi: 10.1177/
1932296820924469

13. Sardu C, D’Onofrio N, Balestrieri ML, Barbieri M, Rizzo MR, Messina V, et al.
Outcomes in Patients With Hyperglycemia Affected by COVID-19: Can We
Do More on Glycemic Control? Diabetes Care (2020) 43:1408–15. doi:
10.2337/dc20-0723

14. WHO andWHO. Laboratory testing for coronavirus disease 2019 (COVID-19)
in suspected human cases (2020). Available at: www.who.int/publications-
detail/laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-
cases-20200117 (Accessed 2020 21 October).

15. WHO. Definition and diagnosis of diabetes mellitus and intermediate
hyperglycaemia. Available at: https://www.who.int/publications/i/item/
definition-and-diagnosis-of-diabetes-mellitus-and-intermediate-
hyperglycaemia (Accessed 2020 21 Ocotober).

16. National Health Commission of the People’s Republic of China. Diagnosis and
treatment plan of coronavirus disease 2019 (COVID-19) (trial version 6) (2020).
Available at: www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7
da8aefc2/files/b218cfeb1bc54639af227f922bf6b817.pdf (Accessed 2020 21
October).

17. Nagin DS, Odgers CL. Group-based trajectory modeling in clinical research.Annu
Rev Clin Psychol (2010) 6:109–38. doi: 10.1146/annurev.clinpsy.121208.131413

18. Nagin DS. Group-Based Trajectory Modeling: An Overview. In: Piquero,
Weisburd, editors. Handbook of Quantitative Criminology. New York:
Springer (2009) p. 53–67.

19. Nylund KL, Asparoutiov T, Muthen BO. Deciding on the number of classes in
latent class analysis and growth mixture modeling: A Monte Carlo simulation
study. Struct Equ Modeling (2007) 14:535–69. doi: 10.1080/10705510701575396

20. Coppelli A, Giannarelli R, Aragona M, Penno G, Falcone M, Tiseo G, et al.
Hyperglycemia at Hospital Admission Is Associated With Severity of the
Prognosis in Patients Hospitalized for COVID-19: The Pisa COVID-19 Study.
Diabetes Care (2020) 43:2345. doi: 10.2337/dc20-1380

21. American Diabetes Association. 2. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes-2018. Diabetes Care (2018) 41:S13–27.
doi: 10.2337/dc18-S002

22. Anjana R, Morton GB. MANAGEMENT OF ENDOCRINE DISEASE:
Critical review of the evidence underlying management of glucocorticoid-
induced hyperglycaemia. Eur J Endocrinol (2018) 179:R207–18. doi: 10.1530/
EJE-18-0315

23. Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman R, Hirsch
IB, et al. American Association of Clinical Endocrinologists and American
March 2021 | Volume 12 | Article 640529

https://www.frontiersin.org/articles/10.3389/fendo.2021.640529/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.640529/full#supplementary-material
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1007/s00125-006-0570-3
https://doi.org/10.1056/NEJMoa1008862
https://doi.org/10.1111/j.1464-5491.2006.01861.x
https://doi.org/10.3201/eid2601.190952
https://doi.org/10.1007/s00125-020-05209-1
https://doi.org/10.1111/dom.14086
https://doi.org/10.1161/01.CIR.0000034509.14906.AE
https://doi.org/10.2337/diabetes.55.02.06.db05-1103
https://doi.org/10.1016/j.cmet.2020.04.021
https://doi.org/10.1177/1932296820924469
https://doi.org/10.1177/1932296820924469
https://doi.org/10.2337/dc20-0723
http://www.who.int/publications-detail/laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-cases-20200117
http://www.who.int/publications-detail/laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-cases-20200117
http://www.who.int/publications-detail/laboratory-testing-for-2019-novel-coronavirus-in-suspected-human-cases-20200117
https://www.who.int/publications/i/item/definition-and-diagnosis-of-diabetes-mellitus-and-intermediate-hyperglycaemia
https://www.who.int/publications/i/item/definition-and-diagnosis-of-diabetes-mellitus-and-intermediate-hyperglycaemia
https://www.who.int/publications/i/item/definition-and-diagnosis-of-diabetes-mellitus-and-intermediate-hyperglycaemia
http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2/files/b218cfeb1bc54639af227f922bf6b817.pdf
http://www.nhc.gov.cn/yzygj/s7653p/202002/8334a8326dd94d329df351d7da8aefc2/files/b218cfeb1bc54639af227f922bf6b817.pdf
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1080/10705510701575396
https://doi.org/10.2337/dc20-1380
https://doi.org/10.2337/dc18-S002
https://doi.org/10.1530/EJE-18-0315
https://doi.org/10.1530/EJE-18-0315
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Song et al. Fasting Blood Glucose and COVID-19
Diabetes Association Consensus Statement on Inpatient Glycemic Control.
Diabetes Care (2009) 32:1119. doi: 10.2337/dc09-9029

24. Jin C, Chen S, Vaidya A, Wu Y, Wu Z, Hu FB, et al. Longitudinal Change in
Fasting Blood Glucose and Myocardial Infarction Risk in a Population
Without Diabetes. Diabetes Care (2017) 40:1565–72. doi: 10.2337/dc17-0610

25. Feng X, Wang G, Lyu Z, Chen S, Wei L, Li X, et al. The association between
fasting blood glucose trajectory and cancer risk in Chinese population without
diabetes. Int J Cancer (2020) 147:958–66. doi: 10.1002/ijc.32858

26. Bar-Or D, Rael LT, Madayag RM, Banton KL, Tanner A,2, Acuna DL, et al.
Stress Hyperglycemia in Critically Ill Patients: Insight Into Possible Molecular
Pathways. Front Med (Lausanne) (2019) 6:54–4. doi: 10.3389/fmed.2019.00054

27. Stegenga ME, van der Crabben SN, Blümer RME, Levi M, Meijers JCM, Serlie
MJ, et al. Hyperglycemia enhances coagulation and reduces neutrophil
degranulation, whereas hyperinsulinemia inhibits fibrinolysis during human
endotoxemia. Blood (2008) 112:82–9. doi: 10.1182/blood-2007-11-121723

28. Klonoff DC, Messler JC, Umpierrez GE, Peng L, Booth R, Crowe J, et al.
Association Between Achieving Inpatient Glycemic Control and Clinical
Outcomes in Hospitalized Patients With COVID-19: A Multicenter,
Retrospective Hospital-Based Analysis. Diabetes Care (2021) 44:578–85. doi:
10.2337/dc20-1857

29. Chen L, Sun W, Liu Y, Zhang L, Lv Y, Wang Q, et al. Association of Early-
Phase In-Hospital Glycemic Fluctuation With Mortality in Adult Patients
With Coronavirus Disease 2019. Diabetes Care (2021) 44:865–73.
doi: 10.2337/dc20-0780

30. Meyfroidt G, Keenan DM, Wang X, Wouters PJ, Veldhuis JD. and Van den
Berghe, G., Dynamic characteristics of blood glucose time series during the
course of critical illness: effects of intensive insulin therapy and relative
Frontiers in Endocrinology | www.frontiersin.org 11
association with mortality. Crit Care Med (2010) 38:1021–9. doi: 10.1097/
CCM.0b013e3181cf710e

31. Yu B, Li C, Sun Y, Wang DW. Insulin Treatment Is Associated with Increased
Mortality in Patients with COVID-19 and Type 2 Diabetes. Cell Metab (2021)
33:65–77.e2. doi: 10.1016/j.cmet.2020.11.014

32. Annane D, Cariou A, Maxime V, Azoulay E, D’Honneur G, Timsit JF, et al.
Corticosteroid treatment and intensive insulin therapy for septic shock in
adults: a randomized controlled trial. Jama (2010) 303:341–8. doi: 10.1001/
jama.2010.2

33. American Diabetes A. Standards of medical care in diabetes–2012. Diabetes
Care (2012) 35 Suppl 1:S11–63. doi: 10.2337/dc12-s011

34. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving Sepsis Campaign: international guidelines for management of
severe sepsis and septic shock, 2012. Intensive Care Med (2013) 39:165–228.
doi: 10.1007/s00134-012-2769-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Song, Zhang,Wang,Wang, Ma, Ma, Luo, Wang and Jin. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
March 2021 | Volume 12 | Article 640529

https://doi.org/10.2337/dc09-9029
https://doi.org/10.2337/dc17-0610
https://doi.org/10.1002/ijc.32858
https://doi.org/10.3389/fmed.2019.00054
https://doi.org/10.1182/blood-2007-11-121723
https://doi.org/10.2337/dc20-1857
https://doi.org/10.2337/dc20-0780
https://doi.org/10.1097/CCM.0b013e3181cf710e
https://doi.org/10.1097/CCM.0b013e3181cf710e
https://doi.org/10.1016/j.cmet.2020.11.014
https://doi.org/10.1001/jama.2010.2
https://doi.org/10.1001/jama.2010.2
https://doi.org/10.2337/dc12-s011
https://doi.org/10.1007/s00134-012-2769-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Association Between Longitudinal Change in Abnormal Fasting Blood Glucose Levels and Outcome of COVID-19 Patients Without Previous Diagnosis of Diabetes
	Introduction
	Material and Methods
	Study Design and Participants
	Data Collection
	Measurement of FBG
	Statistical Analysis

	Results
	Demographics and Clinical Features of Patients
	FBG Trajectories of Patients
	Clinical Features Between Patients With Low- or High-Stable FBG Patterns
	Factors Associated With Case Fatality
	The Relationship Between a Reduction in the FBG Level During Hospitalization and Prognosis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


