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a b s t r a c t

Objective: During the coronavirus disease 2019 (COVID-19) pandemic, exploring insulin resistance and
beta-cell activity is important for understanding COVID-19‒associated new-onset diabetes. We assessed
insulin sensitivity and fasting insulin secretion in patients with COVID-19 without diabetes on admission
and at 3 and 6 months after discharge.
Methods: This 6-month prospective study assessed data from the records of 64 patients without diabetes
diagnosed with COVID-19 at Wenzhou Central Hospital, China. Each patient was followed up at 3 and 6
months after discharge. Repeated measures analysis of variance was used to investigate differences in
multiple measurements of the same variable at different times. Linear regression analysis was performed
to analyze the contributor for changes in the triglyceride-glucose (TyG) index.
Results: Fasting C-peptide levels in patients at baselinewere lower than the normal range. Comparedwith
thebaseline results, patients had significantlyelevated fasting C-peptide levels (0.35±0.24vs2.36±0.98 vs
2.52 ± 1.11 mg/L; P < .001), homeostasis model assessment for beta-cell function (0.42, interquartile range
[IQR] 0.36-0.62 vs 2.54, IQR 1.95-3.42 vs 2.90, IQR2.02-4.23; P< .001), and TyG indices (8.57± 0.47 vs 8.73±
0.60 vs 8.82 ± 0.62; P¼ .006) and decreased fasting glucose levels (5.84 ± 1.21 vs 4.95 ± 0.76 vs 5.40 ± 0.68
mmol/L; P ¼ .003) at the 3- and 6-month follow-up. Male gender, age, interferon-alfa treatment during
hospitalization, and changes in total cholesterol and high-density lipoprotein levels were significantly
associated with changes in the TyG index.
Conclusion: Our study provided the first evidence that COVID-19 may increase the risk of insulin resis-
tance in patients without diabetes.

© 2021 AACE. Published by Elsevier Inc. All rights reserved.
me 2; BMI, body mass index; COVID-19, coronavirus disease 2019; FBG, fasting blood glucose; HDL, high-density li-
OMA-CP, homeostasis model assessment for beta-cell function; HOMA-IR, homeostasis model assessment for insulin
uartile range; LDL, low-density lipoprotein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TC, total

r Chenchan Hu, Departments of Infectious Disease, The Ding Li Clinical College of Wenzhou Medical University and
, Ouhai District, Wenzhou, 325000, Zhejiang Province, China. or Dr Jue Li, Shanghai Pudong New Area Mental Health
ping Road, Yangpu District, Shanghai, 200092, China. or Dr Shen Qu, Department of Endocrinology and Metabolism,
, Tongji University, 301 Yanchang Road, Jin’an District, Shanghai, 200072, China.
li@tongji.edu.cn (J. Li), qushencn@hotmail.com (S. Qu).

ll rights reserved.

mailto:183895854@qq.com
mailto:jueli@tongji.edu.cn
mailto:qushencn@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eprac.2021.04.004&domain=pdf
www.sciencedirect.com/science/journal/1530891X
http://www.endocrinepractice.org
https://doi.org/10.1016/j.eprac.2021.04.004
https://doi.org/10.1016/j.eprac.2021.04.004
https://doi.org/10.1016/j.eprac.2021.04.004


M. Chen, B. Zhu, D. Chen et al. Endocrine Practice 27 (2021) 834e841
Introduction

The outbreak of coronavirus disease 2019 (COVID-19) caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has become a global pandemic. According to the World Health
Organization (https://www.who.int/emergencies/diseases/novel-
coronavirus-2019), by late March 2021, the disease had reached
223 countries, areas, or territories, with over 123 million infection
cases and over 2719000 confirmed deaths. It is undeniable that
COVID-19 has had a severe negative impact on human health.

Diabetes and the degree of hyperglycemia are related to an
increased risk of COVID-19 severity and mortality.1-3 An early study
showed that underlying diabetes was common among patients
with COVID-19 admitted to intensive care units.4 Furthermore, the
presence of typical diabetic complications, such as chronic kidney
disease and cardiovascular disease, increases the risk of COVID-19
mortality.3 A potential reason for this increased risk may be that
hyperglycemia supports viral proliferation. It was reported that
elevated glucose levels directly increased SARS-CoV-2 replication
in human monocytes.5 In addition, immune system dysregulation6

and an impaired inflammatory response7 may be contributing
factors to the susceptibility to SARS-CoV-2 infection and severe
conditions in patients with diabetes.

Meanwhile, a growing number of studies have observed that
patients with COVID-19 can progress to new-onset diabetes or
acute complications of pre-existing diabetes, including hyper-
osmolarity and diabetic ketoacidosis.8-11 One study reported 29
patients without diabetes who developed hyperglycemia during
treatment for SARS-CoV-2 infection, some of whom had normal
glycated hemoglobin levels on admission.12 These studies indicate
that theremay be a bidirectional relationship between diabetes and
COVID-19 and suggest a complex pathophysiology of COVID-19-
associated diabetes. However, data regarding insulin sensitivity
and pancreatic islet activity in COVID-19 patients are scarce,
impeding our understanding of a potential diabetogenic effect of
COVID-19.1

The purpose of this study was to explore the insulin sensitivity
and beta-cell activity in COVID-19 patients without pre-existing
diabetes on admission and at 3 and 6 months after discharge,
thereby providing clinical evidence for the understanding of
COVID-19‒associated hyperglycemia and new-onset diabetes.

Methods

Subjects

All data for this prospective study were obtained from patients
with confirmed COVID-19 from Wenzhou, China, a city seriously
affected by SARS-CoV-2 infections. The initial cohort comprised 149
patients with confirmed COVID-19 admitted to Wenzhou Central
Hospital from January 17 to February 9, 2020. Among them, 85
patients were excluded, including patients with pre-existing dia-
betes (n¼ 6) or cancer (n¼ 1), children and adolescents (n¼ 5), and
those who refused to participate in follow-up (n ¼ 73). Finally, 64
patients were enrolled and analyzed in the study. None of the
included patients had pre-existing diabetes, a history of insulin or
oral hypoglycemic medication usage, cancer, cachexia, severe
debilitating illness, hepatic failure, end-stage chronic kidney dis-
ease, hematologic system diseases, pancreatitis, or schizophrenia.
The therapeutic principles included general support therapy,
monitoring of organ functions, active management of high fever,
antiviral treatment with lopinavir-ritonavir and interferon-alfa, and
oxygen uptake, if necessary.13 Baseline anthropometric parameters
of patients with COVID-19 were obtained on the day of admission.
Because most patients were not fasting on the day of admission,
835
baseline biochemical indices obtained from fasting blood samples
the next morning after admission were analyzed.

Patients discharged from the hospital were quarantined for 2
weeks and did not continue pharmacologic treatment after
discharge. Each patient was followed up at 3 and 6 months after
discharge. The follow-up tests were conducted at Wenzhou Central
Hospital on an outpatient basis. No participants were lost to follow-
up. At the 3-month and 6-month postdischarge follow-up,
biochemical indices were assessed using early morning fasting
blood samples. All follow-up contact work was performed by
physicians (X.H. and X.X.). All medical data were checked by 2
medical doctors (M.C. and B.Z.), and the lead authors (C.H., J.L., and
S.Q.) adjudicated any different interpretations between the 2
medical doctors.
Ethical Statements

This study was approved by the Research Ethics Review Com-
mittees of Wenzhou Medical University (No. K2020-01-005(5)). All
patients provided informed consent prior to participating in the
study, which was conducted according to the revised (2013)
Declaration of Helsinki.
Diagnostic and Classification Criteria

SARS-CoV-2 infection was diagnosed by reverse-transcription
polymerase chain reaction assays of samples taken from upper
nasopharyngeal swabs. Sample collection, reverse-transcription
polymerase chain reaction, and interpretation of results were per-
formed as previously described.14 The diagnosis, classification, and
discharge criteria for COVID-19 patients were based on the guide-
lines issued by the National Health Commission of China.15 The
severity was classified as follows: (1) mild: mild symptoms, no
pneumonia in imaging diagnosis; (2) moderate: fever, respiratory
tract symptoms, and pneumonia in imaging diagnosis; (3) severe:
either respiratory rate �30 beats/min, or finger oxygen saturation
�93% at rest, or arterial blood oxygen partial pressure/oxygen
concentration �300 mm Hg; or (4) critical: respiratory failure
requiring mechanical ventilation, organ failure requiring care in the
intensive care unit, or shock.
Homeostatic Model Assessment and the Triglyceride-Glucose Index

Homeostatic model assessment (HOMA) is a measure of insulin
sensitivity and beta-cell function. Because C-peptide is a marker of
endogenous insulin secretion, the generally accepted assumption is
the negligible extraction of C-peptide by the liver and constant
metabolic clearance under physiologic conditions.16 Therefore, for
HOMA for beta-cell function (HOMA-CP), C-peptide data are used
to evaluate beta-cell function if both insulin and C-peptide data are
available.17 HOMA-CP and HOMA for insulin resistance (HOMA-IR)
were calculated using the formulas (glucose [mg/dL] � C-peptide
[ng/mL] � 1.8395 / 135) and (fasting plasma insulin [mU/L] �
fasting blood glucose [FBG; mmol/L] / 22.5), respectively.17-19 No
hypoglycemic or malignant event was observed in our patients,
which enhanced the validation of the HOMA model used in this
study. The triglyceride-glucose (TyG) index, which is widely used as
a reliable marker of insulin resistance, was determined.20 The TyG
was calculated using the formula ln (fasting triglycerides [mg/dL]�
FBG [mg/dL] / 2).11,20 Guerrero-Romero et al20 recommended the
value of the TyG index as 4.68 for identification of insulin
resistance.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019


Table 1
Anthropometric Parameters of Coronavirus Disease 2019 Patients in This Study
(N ¼ 64)

Characteristics Baseline

Age (years) 44.33 ± 13.51
Male sex (n, %) 35 (54.7%)
BMI (kg/m2) 23.87 ± 3.91
SBP (mm Hg) 140.73 ± 17.50
DBP (mm Hg) 88.82 ± 14.13
HR (bpm) 89.5 (84.0, 103.0)
Body temperature (�C) 38.0 (37.6, 38.5)
Classification of severity
Mild/moderate 54 (84.4%)
Severe/critical 10 (15.6%)

Comorbidity (n, %)
Diabetes 0 (0%)
NAFLD 3 (4.70%)
Hypertension 13 (20.3%)
Coronary disease 1 (1.60%)
Cancer 0 (0%)
Mental disease 0 (0%)
Immune system disease 0 (0%)

Other infectious diseases
HBV (þ) 4 (6.30%)
Tuberculosis 0 (0%)
HIV (þ) 0 (0%)
Syphilis 0 (0%)

Mechanical ventilation 2 (3.1%)
Pharmacologic treatment during hospitalization
Glucocorticoids 0 (0%)
Interferon-alfa (500 U, twice a day) 60 (93.8%)
Lopinavir-ritonavir (500 mg, twice a day) 63 (98.4%)
Umifenovir (0.2 g, 3 times a day) 52 (81.3%)

Antibiotics 13 (20.3%)

Abbreviations: BMI ¼ body mass index; DBP ¼ diastolic blood pressure; HBV ¼
hepatitis B virus; HR ¼ heart rate; NAFLD ¼ nonalcoholic fatty liver disease; SBP ¼
systolic blood pressure.
Continuous data are presented as means ± standard deviations or medians (inter-
quartile range) based on the data distribution. Categorical variables are presented as
number (%).
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Statistical Analyses

Data were double-entered, validated, and anonymized before
analysis. The types of missing values were random. Therefore, we
did not fill in the missing data by mean-value imputation. Outliers,
which were defined as being >3 standard deviations above the
mean, were removed. Repeated measures analysis of variance was
performed to investigate differences in multiple measurements of
the same variable taken from the same patient at different times. To
study the within-time point effects, we performed post hoc tests,
which are pairwise comparisons of either all possible combinations
of means or selected means of interest.21 In post hoc analyses, the
sphericity assumption was tested using the Mauchly test, and
Greenhouse-Geisser adjusted P values were presented when
sphericity was not assumed. The Pearson or Spearman correlation
analysis was used to investigate the association between different
values of the variable measured at 3 or 6 months after discharge
and at baseline, respectively. Linear regression analysis was per-
formed to analyze the relationship between the changes in the TyG
index and the changes in other variables. The variables that
demonstrated significant associations with changes in the TyG in-
dex in the bivariate correlation and univariate linear regression
analyses, as well as those with r or b values �0.3, were adjusted for
in the multivariate linear regression analysis. All statistical analyses
were performed using SPSS 25.0 (IBM Corp) and Prism software
(Prism 8.0, GraphPad). Results were considered statistically signif-
icant at a P value <.05.

Results

As shown in Table 1, the average age of the patients (35/64,
54.7% male) was 44.33 years, and the average body mass index
(BMI) was 23.87 kg/m2. The number of patients classified as having
mild or moderate COVID-19 was 54 of 64 (84.4%), and the
remaining 10 (15.6%) patients were severely or critically ill. Com-
mon comorbidities among these patients included hypertension
(13/64, 20.3%), nonalcoholic fatty liver disease (3/64, 4.7%), coro-
nary disease (1/64,1.6%), and hepatitis B virus infection (4/64, 6.3%).
During hospitalization, 60 of 64 (93.8%) patients were treated with
interferon-alfa by aerosolization twice a day, 63 of 64 (98.4%)
received lopinavir-ritonavir syrup twice a day, 52 of 64 (81.3%)
received an umifenovir electuary 3 times a day, and 2 of 64 (3.1%)
needed mechanical ventilation. None of the patients was treated
with glucocorticoids.

Fasting C-peptide levels in patients at baseline (0.35 ± 0.24 mg/L)
were below the lower end of the normal range (1.1-4.4 mg/L).
Compared with the baseline results, patients had significantly
elevated fasting C-peptide levels (0.35 ± 0.24 vs 2.36 ± 0.98 vs 2.52
± 1.11 mg/L; P < .001), HOMA-CP (0.42, interquartile range [IQR]
0.36-0.62 vs 2.54, IQR 1.95-3.42 vs 2.90, IQR 2.02-4.23; P < .001),
and mean TyG indices (8.57 ± 0.47 vs 8.73 ± 0.60 vs 8.82 ± 0.62, P¼
.006) during the follow-up (Table 2). Conversely, patients had
significantly decreased FBG levels 3 months (4.95 ± 0.76 mmol/L)
and 6 months (5.40 ± 0.68 mmol/L) after discharge compared with
admission levels (5.84 ± 1.21 mmol/L; P ¼ .003). In addition, we
found a significant tendency toward an increased lipid profile
(triglycerides, total cholesterol [TC], high-density lipoprotein [HDL],
and low-density lipoprotein [LDL]); alanine aminotransferase,
alkaline phosphatase, creatine kinase, hemoglobin, and uric acid
levels; and lymphocyte and thrombocyte counts after hospital
discharge. We also observed significantly decreased lactate dehy-
drogenase and C-reactive protein levels during the follow-up.
However, we did not find significant changes in the fasting
plasma insulin levels and HOMA-IR after the hospital discharge of
our patients (Table 2).
836
Within-time point contrasts of variables for the baseline, 3-
month follow-up, and 6-month follow-up in the COVID-19 pa-
tients are presented in Supplementary Table 1 and the Figure. The
FBG levels had significantly decreased at both the 3-month and 6-
month follow-up. However, the FBG levels were significantly higher
at the 6-month follow-up compared with the levels measured 3
months after discharge. The fasting C-peptide levels, HOMA-CP, and
mean TyG index had significantly increased at the 3-month follow-
up and remained unchanged at the 6-month follow-up. For the
lipid profile, TC, triglycerides, HDL, and LDL levels were significantly
higher at both the 3-month and 6-month follow-up than at
admission in the COVID-19 patients. Relative to the measurements
at the 3-month follow-up, the COVID-19 patients had significantly
higher TC and LDL levels and lower HDL levels at 6 months after
discharge. In addition, when compared with the baseline, levels of
alkaline phosphatase, lactate dehydrogenase, C-reactive protein,
uric acid, and hemoglobin as well as the lymphocyte and throm-
bocyte count were consistently and significantly changed both at
the 3-month and 6-month follow-up. No significant difference was
found in these parameters between the 3-month and 6-month
follow-up.

The factors associated with changes in the TyG index after the
COVID-19 patients were discharged are presented in
Supplementary Table 2. Bivariate simple correlation analysis indi-
cated that the changes in the TyG index were positively correlated
with the changes in TC levels (r ¼ 0.327, P ¼ .014) and were nega-
tively correlated with the changes in HDL levels (r ¼ �0.328, P ¼
.014) at the 3-month follow-up. Furthermore, a linear regression
analysis performed at the 3-month follow-up demonstrated that



Table 2
Changes in Characteristics Between the Baseline, 3-Month Follow-up, and 6-Month Follow-up in Coronavirus Disease 2019 Patients (N ¼ 64)

Characteristics (normal range) Baseline 3-month follow-up 6-month follow-up F value P value

FBG (3.8-6.1 mmol/L) 5.84 ± 1.21 4.95 ± 0.76 5.40 ± 0.68 8.260 .003a

FPI (3-25 mU/L) 15.82 ± 11.7 17.26 ± 13.69 20.0 ± 18.03 1.315 .293
Fasting C-peptide (1.1-4.4 mg/L) 0.35 ± 0.24 2.36 ± 0.98 2.52 ± 1.11 27.402 <.001a

HOMA-CP 0.42 (0.36, 0.62) 2.54 (1.95, 3.42) 2.90 (2.02, 4.23) 18.755 <.001a

HOMA-IR 4.07 ± 2.20 4.10 ± 3.46 4.96 ± 4.46 0.940 .414
TyG index 8.57 ± 0.47 8.73 ± 0.60 8.82 ± 0.62 5.595 .006a

TC (3.1-5.2 mmol/L) 3.59 ± 0.75 4.83 ± 0.87 5.63 ± 0.88 57.482 <.001a

TG (0.34-1.7 mmol/L) 1.11 (0.90, 1.67) 1.53 (0.99, 2.38) 1.34 (1.09, 2.64) 8.176 .001a

HDL (1.04-2.49 mmol/L) 1.19 (0.97, 1.36) 1.69 (1.40, 1.99) 1.56 (1.20, 1.76) 23.294 <.001a

LDL (1.63-3.12 mmol/L) 1.97 ± 0.84 2.41 ± 0.80 3.25 ± 0.84 35.067 <.001a

ALT (9-50 U/L) 25.67 ± 14.20 34.21 ± 23.59 42.0 ± 33.07 5.112 .010a

AST (15-40 U/L) 25.0 (19.50, 33.50) 27.0 (20.0, 32.0) 28.0 (22.50, 35.0) 0.977 .384
ALP (45-125 U/L) 50.54 ± 13.28 73.00 ± 18.11 78.59 ± 24.16 38.998 <.001a

GGT (10-60 U/L) 34.00 (20.00, 50.00) 27.00 (12.00, 51.00) 30.00 (14.00, 43.00) 2.528 0.108
LDH (120-250 U/L) 213.12 ± 57.62 179.58 ± 33.77 183.31 ± 37.82 7.221 0.007a

CK (50-310 U/L) 69.40 (47.40, 92.55) 82.60 (63.60, 117.80) 99.80 (89.65, 151.40) 12.359 <.001a

Cr (57-111 mmol/L) 69.92 ± 16.39 70.81 ± 12.83 69.50 ± 12.52 0.240 .787
WBC (3.5-9.5 � 109/L) 4.72 ± 1.50 5.35 ± 1.54 5.35 ± 1.57 3.260 .051
Neutrophils (1.8-6.3 � 109/L) 2.65 (2.10, 3.43) 2.80 (2.10, 3.60) 2.60 (2.10, 3.63) 0.426 .561
Lymphocytes (1.1-3.2 � 109/L) 1.10 (0.80, 1.50) 1.90 (1.60, 2.40) 2.10 (1.60, 2.40) 35.651 <.001a

Thrombocytes (125-350 � 109/L) 178.12 ± 45.70 211.65 ± 54.40 217.81 ± 55.67 12.143 .001a

Hb (male 120-160; female 110-150 g/L) 135.38 ± 15.42 143.62 ± 13.78 144.11 ± 12.25 10.084 .001a

CRP (0-6 mg/L) 12.90 (3.05, 31.08) 0.90 (0.50, 1.60) 1.00 (0.58, 2.0) 22.697 <.001a

UA (208-428 mmol/L) 231.58 ± 83.68 331.82 ± 97.11 312.48 ± 117.05 23.452 <.001a

Abbreviations: ALP ¼ alkaline phosphatase; ALT ¼ alanine aminotransferase; AST ¼ aspartate aminotransferase; CK ¼ creatine kinase; Cr ¼ creatinine; CRP ¼ C-reactive
protein; FBG ¼ fasting blood glucose; FPI ¼ fasting plasma insulin; GGT ¼ gamma-glutamyl transpeptidase; Hb ¼ hemoglobin; HDL ¼ high-density lipoprotein; HOMA-CP ¼
homeostasis model assessment for beta-cell function; HOMA-IR ¼ homeostasis model assessment for insulin resistance; LDH ¼ lactate dehydrogenase; LDL ¼ low-density
lipoprotein; TC ¼ cholesterol; TG ¼ triglycerides; TyG ¼ triglyceride-glucose index; UA ¼ uric acid; WBC ¼ white blood cell.
Continuous data are presented as means ± standard deviations or medians (interquartile range) based on the data distribution.
Data were analyzed by repeated measures analysis of variance.

a P < .05 was considered statistically significant.
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age, gender, and changes in TC levels contributed to the changes in
the TyG index (Supplementary Table 3). In addition, the multivar-
iate linear regression analysis, which was performed at the 3-
month follow-up, demonstrated that male gender (b [95%
CI]: �0.312 [�0.590, �0.034]; P ¼ .028), age (0.012 [0.001, 0.023],
P ¼ .031), interferon-alfa treatment during hospitalization (0.540
[0.029, 1.051]; P ¼ .039), the increases in TC (0.217 [0.069, 0.366],
P ¼ .005), and the decreases in HDL (�0.477 [�0.881, �0.074], P ¼
.021) levels were significantly associated with the increases in the
TyG index (Table 3). However, we did not find a significant
contributor to changes in the TyG index in the linear regression
analysis performed at the 6-month follow-up (Supplementary
Table 4 and Supplementary Table 5).

Discussion

An increasing number of reports have revealed the detrimental
consequences of SARS-CoV-2 infection to multiple organs.22-27

However, studies are lacking that examine the metabolic parame-
ters, such as insulin sensitivity and insulin secretion, in COVID-19
patients. To our knowledge, our study provides the first evidence
that COVID-19may increase the risk of insulin resistance in patients
without pre-existing diabetes. In addition, COVID-19 may cause
fasting insulin secretion to decrease during the early stages of
SARS-CoV-2 infection, although this can be transient and
reversible.

The TyG index values obtained in this study indicated that
the COVID-19 patients had insulin resistance on admission. A
previous study demonstrated that the TyG index could predict
the risk of severe illness and mortality in patients with COVID-
19.11 In addition, the TyG index was an independent predictor of
the development of metabolic syndrome and type 2 diabetes.28

Unfortunately, data regarding insulin sensitivity were
837
unavailable for our patients before they had COVID-19; thus, we
could not rule out the possibility that insulin resistance was
present in these patients prior to SARS-CoV-2 infection because
the average BMI of patients with COVID-19 in this study was
higher than the BMI recommended by the World Health Orga-
nization as being overweight for Asians. The changes in the TyG
index values of the COVID-19 patients during their follow-up
suggest that SARS-CoV-2 infections aggravate insulin resis-
tance, which persisted at both the 3-month and 6-month follow-
up. Furthermore, although fasting C-peptide secretion increased
persistently, the FBG levels were even significantly higher at the
6-month follow-up than at the 3-month follow-up, highlighting
the fact that reduced insulin sensitivity persists and still affects
glucose metabolism 6 months after COVID-19 onset. This char-
acteristic may be a sequela of COVID-19 that should be investi-
gated further.

Studies have shown that acute viral respiratory infections are
associated with the rapid development of transient insulin resis-
tance in normal and overweight individuals.29,30 Virally induced
inflammation and immune dysfunction increase insulin resistance
by several mechanisms. The functions of the liver and skeletal
muscle, which are major organs that are responsible for insulin-
mediated glucose disposal, can be affected by the large burden of
inflammatory cells.31 Eketunde et al32 reported that diffuse alveolar
damage and inflammatory cell infiltration in the lungs, lymphocyte
infiltration in the liver, myocardial inflammation, and focal
pancreatitis were common postmortem findings in patients with
fatal COVID-19. More recent studies demonstrated that patients
with COVID-19 had high levels of circulating interferon (IFN) g,
interleukin (IL) 1ß, and IL6.33,34 Patients with COVID-19 also exhibit
elevated levels of other inflammatory markers, such as ferritin and
D-dimer.34 These findings indicate a proinflammatory milieu
caused by SARS-CoV-2 infection.



Figure. Within-time points contrasts in variables for the baseline, 3-month follow-up, and 6-month follow-up in coronavirus disease 2019 patients without diabetes. Box plots
convey the level, spread, and symmetry of the distribution of data values. Sphericity-assumed modeling or Greenhouse-Geisser adjustments (sphericity not assumed) were applied
to test within-time points effects. Logarithmic transformation was used for some variables due to the high discrete degree (log10). ALP ¼ alkaline phosphatase; ALT ¼ alanine
aminotransferase; CK ¼ creatine kinase; CRP ¼ C-reactive protein; FBG ¼ fasting blood glucose; FPI ¼ fasting plasma insulin; Hb ¼ hemoglobin; HDL ¼ high-density lipoprotein;
HOMA-CP ¼ homeostasis model assessment for beta-cell function; HOMA-IR ¼ homeostasis model assessment for insulin resistance; LDH ¼ lactate dehydrogenase; LDL ¼ low-
density lipoprotein; TC ¼ total cholesterol; TG ¼ triglycerides; TyG ¼ triglyceride-glucose.
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Table 3
Multivariable-Adjusted Association Between Changes in the TyG Index and
Anthropometric Parameters and Changes in Variables for Coronavirus Disease 2019
Patients at the 3-Month Follow-up

Variables DTyG-3

b 95% CI P value

Model 1
Gender �0.427 �0.712, �0.142 .004a

Age 0.016 0.005, 0.027 .004a

Model 2
Gender �0.422 �0.708, �0.136 .005a

Age 0.018 0.007, 0.029 .001a

BMI (kg/m2) 0.005 �0.032, 0.042 .791
Interferon-alfa 0.609 0.064, 1.155 .029a

Model 3
Gender �0.312 �0.590, �0.034 .028a

Age 0.012 0.001, 0.023 .031a

BMI (kg/m2) 0.013 �0.022, 0.048 .445
Interferon-alfa 0.540 0.029, 1.051 .039a

DTC-3 0.217 0.069, 0.366 .005a

DHDL-3 �0.477 �0.881, �0.074 .021a

Abbreviations: b ¼ regression coefficient; BMI ¼ body mass index; HDL ¼ high-
density lipoprotein; TC ¼ total cholesterol; TyG ¼ triglyceride-glucose index.
DVariable-3 is the mean difference value of the variable between 3 months after
discharge and at baseline. Linear regression analysis was performed to analyze the
relationship between the changes in the TyG index and changes in other variables.

a P < .05 was considered statistically significant.
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It is also recognized that mechanisms linking COVID-19 and
diabetes overlap with immunoregulatory pathways.35 Virus-
induced IFN activity may increase insulin resistance in muscle,
driving hyperinsulinemia to maintain euglycemia and boost
antiviral CD8þ T-cell responses.29 In addition, both increased
IFN-g production and activated natural killer cells establish a
detrimental effect on glucose disposal by exacerbating systemic
inflammation in adipose tissues and muscle.36 It has been
demonstrated that IFN-g, IL6, monocytes, neutrophils, natural
killer cells, and CD4þ T-cells significantly increased while CD8þ
T-cells decreased in patients with COVID-19 after longer-term
infection.37 It has also been indicated that inborn errors of
type I IFN immunity correlated with beta-cell immunity un-
derlie fatal COVID-19.38 Moreover, drug-induced insulin resis-
tance should also be considered because in this study, some
patients received interferon-alfa during the course of their
treatment. Indeed, studies have indicated that the risks for type
1 diabetes and type 2 diabetes increased during and after
interferon-alfa treatment.39,40 To sum up everything that has
been stated so far, we speculated that persistent and aggravated
insulin resistance is one of the possible pathophysiologic
mechanisms of COVID-19‒associated new-onset diabetes or a
worsened outcome in COVID-19 patients with pre-existing dia-
betes. Indeed, a recent study has highlighted that type 2 dia-
betes and coronavirus infections share pathways with
therapeutic implications, suggesting that COVID-19‒related
diabetes and type 2 diabetes may share the same disease
pathophysiology.35 Unfortunately, at this stage, we do not have
definitive data or an appropriate control group to distinguish
whether or not the elevated risk of insulin resistance is associ-
ated with any type of acute viral infection rather than specif-
ically related to SARS-CoV-2 infection.

We showed that COVID-19 patients without pre-existing dia-
betes had decreased pancreatic islet activity during the early stages
of SARS-CoV-2 infection. This result corresponded with those from
several recently published studies of impaired insulin secretion in
COVID-19 patients. Hollstein et al8 reported a 19-year-old White
male who, in the absence of autoantibodies, had insulin-dependent
diabetes 3 weeks after an asymptomatic SARS-CoV-2 infection,
839
with a serum C-peptide level of 0.62 mg/L. A retrospective study
performed in China reported that 42 of 658 (6.4%) hospitalized
COVID-19 patients presented with ketosis on admission, of whom
27 (64%) patients did not have pre-existing diabetes.10 In another
study in Singapore, a case of diabetic ketoacidosis precipitated by
COVID-19 in a 37-year-old male patient with newly diagnosed
diabetes was reported.9 In addition, increased amylase and lipase
levels and focal pancreatic enlargement or pancreatic duct dilata-
tion in some COVID-19 patients were reported,41 suggesting that
SARS-CoV-2 infection may have resulted in pancreatic beta-cell
injury. This is of interest because pancreatic islet cells demon-
strate a high expression of angiotensin-converting enzyme 2
(ACE2) receptors.41 ACE2 is the main receptor for SARS-CoV-2.42

Yang et al43 recently confirmed that human pancreatic beta-cells
are permissive to SARS-CoV-2 infection, suggesting that SARS-
CoV-2 might result in the alteration of the pancreatic beta-cell
function. Of note, SARS coronavirus has been confirmed to induce
pancreatic beta-cell damage by using ACE2.44 Chee et al9 hold the
opinion that the downregulation of ACE2 due to SARS-CoV-2
infection leads to unopposed angiotensin II and impedes insulin
secretion.45 Beta-cell dedifferentiation accompanied by a reduction
in ACE2 was also found in high-fat diet mice.46 Previous animal
studies have shown that ACE2 deficiency resulted in impaired beta-
cell proliferation, increased beta-cell oxidative stress, and hyper-
glycemia.47,48 Whether the decreased insulin secretions that occur
in COVID-19 patients persist or remit when the disease is resolved
is still unclear.1 Our observations of increased fasting C-peptide
levels and HOMA-CP at the 6-month follow-up implied a transient
and reversible disturbance of beta-cell activity in COVID-19 pa-
tients. However, data regarding the pathologic changes of beta-cells
and the long-term changes of beta-cell activity in COVID-19 pa-
tients remain scarce and need to be explored.

It is worth noting that the plasma insulin levels are determined
by the balance between insulin secretion and clearance.16 Insulin
clearance is conceptualized as the sum of hepatic clearance and
extrahepatic clearance.16 Recent data on COVID-19 have shed light
on the effect of the disease on the liver, skeletal muscle, kidney, and
heart.23,49-51 Thus, we speculate that the insulin clearance rate
decreases in individuals with SARS-CoV-2 infection. This may
partially explain the inconsistency between the C-peptide and in-
sulin levels, thereby reducing the value of HOMA-IR in estimating
insulin resistance in this study.

We admit that the conclusions from the analysis are relatively
preliminary because the beta-cell activity and peripheral insulin
action measurements based on fasting hormones may not be
stable. Insulin secretion capacity is better modeled by the glucose
tolerance test. Unfortunately, we had no data on the glucose
tolerance test in this study; otherwise, we could have further
explored postprandial insulin secretion capacity. In addition,
data regarding insulin sensitivity and pancreatic islet activity,
biochemical indices, economic status, diet, and lifestyle were
unavailable for our patients before SARS-CoV-2 infection, which
limits the conclusions of this study. Furthermore, the research
design could have caused a selection bias because all patients
were of the same race and enrolled from 1 city, which weakens
the generalizability of this study to other races. In the process of
analysis, our sample size limited the analysis based on the clas-
sification of severity and caused a high discrete degree in some
variables as well. Moreover, no significant contributor for
changes in the TyG index in the linear regression analysis per-
formed at the 6-month follow-up was found, which is mainly
owing to the small sample size. Further prospective studies
involving large patient cohorts are required to evaluate the
prognoses of pancreatic islet functioning and insulin sensitivity
in COVID-19 patients.
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In conclusion, our results suggest that COVID-19 may increase
the risk of insulin resistance in patients without pre-existing dia-
betes. At the same time, the results also indicate that there may be
decreases in insulin secretion with SARS-CoV-2 infection, although
these decreases could be transient and reversible. Thus, it is sug-
gested that parameters regarding insulin sensitivity and pancreatic
islet activity in patients with COVID-19 history are monitored.
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