
D I A B E T E S  &  M E T A B O L I S M  J O U R N A L

A Prospective 1-Year Follow-Up of Glycemic Status and C-Peptide 
Levels of COVID-19 Survivors with Dysglycemia in Acute COVID-19 
Infection
David Tak Wai Lui, Chi Ho Lee, Ying Wong, Carol Ho Yi Fong, Kimberly Hang Tsoi, Yu Cho Woo, Kathryn Choon Beng Tan
Published online: March 11, 2024 | https://doi.org/10.4093/dmj.2023.0175

Highlights
 • This study assessed glycemic changes in COVID-19 survivors with dysglycemia.
 • Insulin resistance was observed in individuals with dysglycemia during acute COVID-19.
 • Over a year, a quarter showed progression in glycemic status.
 • There was no significant decline in insulin secretory capacity.
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Background: We evaluated changes in glycemic status, over 1 year, of coronavirus disease 2019 (COVID-19) survivors with dys-
glycemia in acute COVID-19.
Methods: COVID-19 survivors who had dysglycemia (defined by glycosylated hemoglobin [HbA1c] 5.7% to 6.4% or random glu-
cose ≥10.0 mmol/L) in acute COVID-19 were recruited from a major COVID-19 treatment center from September to October 
2020. Matched non-COVID controls were recruited from community. The 75-g oral glucose tolerance test (OGTT) were performed 
at baseline (6 weeks after acute COVID-19) and 1 year after acute COVID-19, with HbA1c, insulin and C-peptide measurements. 
Progression in glycemic status was defined by progression from normoglycemia to prediabetes/diabetes, or prediabetes to diabetes.
Results: Fifty-two COVID-19 survivors were recruited. Compared with non-COVID controls, they had higher C-peptide (P< 
0.001) and trend towards higher homeostasis model assessment of insulin resistance (P=0.065). Forty-three COVID-19 survivors 
attended 1-year reassessment. HbA1c increased from 5.5%±0.3% to 5.7%±0.2% (P<0.001), with increases in glucose on OGTT 
at fasting (P=0.089), 30-minute (P=0.126), 1-hour (P=0.014), and 2-hour (P=0.165). At baseline, 19 subjects had normoglyce-
mia, 23 had prediabetes, and one had diabetes. Over 1 year, 10 subjects (23.8%; of 42 non-diabetes subjects at baseline) had pro-
gression in glycemic status. C-peptide levels remained unchanged (P=0.835). Matsuda index decreased (P=0.007) and there was 
a trend of body mass index increase from 24.4±2.7 kg/m2 to 25.6±5.2 (P=0.083). Subjects with progression in glycemic status 
had more severe COVID-19 illness than non-progressors (P=0.030). Reassessment was not performed in the control group.
Conclusion: Subjects who had dysglycemia in acute COVID-19 were characterized by insulin resistance. Over 1 year, a quarter 
had progression in glycemic status, especially those with more severe COVID-19. Importantly, there was no significant deteriora-
tion in insulin secretory capacity.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has infected more than 760 million individuals as of 
May 2023 and caused close to 7 million deaths worldwide [1]. 
With the ever-increasing number of COVID-19 survivors, eval-
uation of the long-term sequelae of COVID-19 infection helps 
to inform surveillance strategies among COVID-19 survivors 

[2]. The expression of angiotensin-converting enzyme 2 (ACE2), 
the entry receptor for SARS-CoV-2, has been found not only in 
the respiratory system, but also in extra-pulmonary systems 
including the pancreas [3], raising concerns about new-onset 
diabetes after SARS-CoV-2 infection from the potential direct 
effect on pancreatic β-cells [4-6]. 

Several nationwide cohorts have provided data supporting 
possible increased risks of incident diabetes following acute 
SARS-CoV-2 infection [7]. A cohort using the database from 
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the United States Department of Veteran Affairs showed a 40% 
excess risk of incident diabetes over a median follow-up of 1 
year, mostly type 2 diabetes mellitus (T2DM) [8]. Similarly, a 
study using German nationwide database showed 30% excess 
risk of incident T2DM after SARS-CoV-2 infection with a me-
dian follow-up duration of 4 months, compared to other acute 
respiratory illness [9]. Recently, a Korean nationwide database 
also demonstrated a 30% excess risk of T2DM following COV-
ID-19 infection over a median follow-up of 11 months [10]. 
Furthermore, there are suggestions of increased events of dia-
betic ketoacidosis during the COVID-19 pandemic, raising 
concerns of pancreatic β-cell destruction related to SARS-CoV-2 
[11].

To date, data were limited regarding the insulin secretory ca-
pacity of COVID-19 survivors. Clarke et al. [12] performed a 
post hoc analysis of 55 COVID-19 survivors evaluated at least 
3 months after acute COVID-19, showing that all of them had 
detectable C-peptide levels, suggesting that insulinopenia was 
not apparent in post-acute COVID-19. Nonetheless, baseline 
C-peptide levels were not available in that study, limiting fur-
ther interpretation of the effect of COVID-19 infection on the 
subsequent changes in the insulin secretory capacity. 

There are certain limitations in the existing literature. Indi-
viduals included in the retrospective observational population-
based studies were not systematically evaluated for the glyce-
mic status. Furthermore, information regarding the changes in 
the insulin secretory capacity among COVID-19 survivors was 
not available in the study by Clarke et al. [12]. Hence, it is im-
portant to evaluate systematically the evolution of glycemic sta-
tus and insulin secretory capacity among COVID-19 survivors. 
In this study, we aimed to evaluate the 1-year changes in glyce-
mic status and insulin secretory capacity of COVID-19 survi-
vors who had dysglycemia at baseline.

METHODS

The study followed the principles in the Declaration of Helsin-
ki and was approved by the Institutional Review Board of the 
University of Hong Kong/Hospital Authority Hong Kong West 
Cluster (IRB Ref.: UW 20-666). All participants gave written 
informed consent prior to participation into the study.

Participants
COVID-19 survivors who had dysglycemia (defined by glyco-

sylated hemoglobin [HbA1c] 5.7% to 6.4% or random glucose 
≥10.0 mmol/L) during hospitalization for acute COVID-19 
were recruited from Queen Mary Hospital (a major COVID-19 
treatment center) between 1 September, 2020 and 31 October, 
2020. Patients with prior history of diabetes were excluded. 
During the recruitment period, public health ordinance in 
Hong Kong required all patients who tested positive for COV-
ID-19 to be admitted to the hospital, including those detected 
on contact tracing and the Universal Community Testing Pro-
gramme, regardless of symptoms [13]. 

COVID-19 severity was classified according to the ‘Chinese 
clinical guidance for COVID-19 pneumonia diagnosis and 
treatment (7th edition)’ published by the Chinese National 
Health Commission [14]. Mild disease was defined by mild 
clinical symptoms without manifestations of pneumonia on 
imaging. Moderate disease was defined by fever and respirato-
ry symptoms, and manifestations of pneumonia on imaging. 
Severe disease was defined by any of the following: respiratory 
rate ≥30/min, oxygen saturation ≤93% at rest, and >50% pro-
gression in 48 hours on imaging. Critical disease was defined 
by respiratory failure requiring mechanical ventilation, shock, 
and intensive care unit admission. C-reactive protein (CRP) 
levels during hospitalization for COVID-19 were retrieved 
with CRP >0.76 mg/dL considered elevated [15].

As a pilot study, we aimed to recruit 50 COVID-19 survivors. 
For comparison, non-COVID controls matched for age, sex, 
body mass index (BMI) and HbA1c were recruited from the 
community. 

Biochemical assessments
The recruited COVID-19 survivors attended a clinical assess-
ment session after an overnight fast for at least 8 hours. The 
75-g oral glucose tolerance test (OGTT) were performed at 
baseline (6 weeks after discharge from hospitalization for acute 
COVID-19) and 1 year after acute COVID-19, along with 
measurements of HbA1c, insulin and fasting C-peptide levels. 
HbA1c was measured in whole blood using cation-exchange 
high-performance liquid chromatography. The assay was certi-
fied by National Glycohemoglobin Standardization Programme 
and standardized to Diabetes Control and Complications Trial 
reference assay [15]. Insulin levels were measured using Human 
Insulin Quantikine enzyme-linked immunosorbent assay (ELI-
SA) kit (R&D Systems Inc., Minneapolis, MN, USA) with intra-
assay coefficient of variability (CV) of 3.7%–4.0% and inter-as-
say CV of 6.9%–7.5%. C-peptide levels were measured using 
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quartile range (IQR) or number with percentage as appropriate. 
Between-group comparisons were performed with indepen-
dent-sample t-test for continuous variables and chi-square test 
for categorical variables as appropriate. Pairwise comparisons 
of clinical and laboratory parameters of COVID-19 survivors at 
baseline and 1-year reassessment were performed using paired 
t-test.

Data availability 
Datasets generated during and/or analyzed during the current 
study are not publicly available but are available from the cor-
responding author on reasonable request.

RESULTS

Characteristics of COVID-19 survivors: with reference to 
non-COVID controls
In total, 52 COVID-19 survivors and 50 non-COVID controls 
were recruited. There were no significant differences in age, 
sex, and BMI between the two groups. Compared with non-
COVID controls, the COVID-19 survivors had higher C-pep-
tide levels (P<0.001) and trend towards higher indices of insu-
lin resistance (HOMA-IR; P=0.065) (Table 1). hsCRP levels 
did not differ between the two groups at baseline (i.e., 6 weeks 

Table 1. Comparison of clinical characteristics of COVID-19 
survivors at baseline assessment and non-COVID controls

Characteristic COVID-19 
survivors

Non-COVID 
controls P value

Number 52 50

Age, yr 61.2±8.8 59.8±3.5 0.304

Male sex 26 (50.0) 23 (46.0) 0.686

BMI, kg/m2 24.6±3.1 23.9±2.9 0.236

Fasting glucose, 
mmol/L

5.1±0.5 5.1±0.4 0.997

HbA1c, % 5.5±0.3 5.6±0.3 0.894

HOMA-IRa 1.40 (0.94–2.32) 1.18 (0.90–1.80) 0.065

HOMA-βa 89.6 (61.8–122.0) 65.1 (48.4–101.8) 0.047

C-peptidea, nmol/L 0.66 (0.56–0.83) 0.52 (0.45–0.66) 0.001

Values are presented as mean±standard deviation, number (%), or me-
dian (interquartile range).
COVID-19, coronavirus disease 2019; BMI, body mass index; HbA1c, 
glycosylated hemoglobin; HOMA-IR, homeostasis model assessment 
of insulin resistance; HOMA-β, homeostasis model assessment of 
β-cell function.
aLogarithmically transformed before analyses.

human C-peptide quantikine ELISA kit (R&D Systems Inc.) 
with intra-assay CV of 1.6%–4.5% and inter-assay CV of 7.6%–
9.8%. The homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated as fasting plasma insulin (mIU/
L)×fasting glucose (FG, in mmol/L) divided by 22.5. Homeo-
stasis model assessment of β-cell function (HOMA-β) was cal-
culated as (20×fasting plasma insulin [mIU/L]) divided by (FG 
[mmol/L]–3.5) [16]. Insulin sensitivity represented by the Mat-
suda index was calculated by the formula:

10,000

√fasting glucose (mg/dL)×fasting insulin (mIU/L)×120 min glucose (mg/dL)×120 min insulin (mIU/L) 

which highly correlated with the insulin sensitivity obtained 
with euglycemic clamp [17]. High-sensitivity C-reactive pro-
tein (hsCRP) was measured using high-sensitive human C-re-
active protein ELISA kit (ImmunoDiagnostics Limited, Hong 
Kong) with intra-assay CV of 4.3% and inter-assay CV of 5.9%.

Definitions of glycemic status
Based on the evaluations at baseline (6 weeks after discharge 
from hospitalization for acute COVID-19), the COVID-19 sur-
vivors were categorised into the following glycemic status. Their 
glycemic status was re-evaluated at 1 year using the same crite-
ria. Diabetes was defined by FG ≥7.0 mmol/L, HbA1c ≥6.5%, 
or 2-hour plasma glucose (2hPG) >11.0 mmol/L. Prediabetes 
was defined by FG 5.6 to 6.9 mmol/L, 2hPG 7.8 to 11.0 mmol/L, 
or HbA1c 5.7% to 6.4%. Subjects not meeting criteria for pre-
diabetes/diabetes were classified as normoglycemia. Progres-
sion in glycemic status was defined by progression from (1) 
normoglycemia to prediabetes/diabetes, or (2) prediabetes to 
diabetes.

Study outcomes
The primary outcome was the comparison of C-peptide levels 
between COVID-19 survivors and non-COVID controls. Sec-
ondary outcomes were (1) the changes in glycemic status and 
insulin secretory capacity over 1 year among the COVID-19 
survivors; and (2) factors associated with progression in glyce-
mic status among COVID-19 survivors.

Statistical analyses
All statistical analyses were performed with IBM SPSS version 
26 (IBM Co., Armonk, NY, USA). Two-sided P<0.05 were con-
sidered statistically significant. Values not normally distributed 
were logarithmically transformed before analyses. Data were 
presented as mean±standard deviation, median with inter-
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after discharge from hospitalization for acute COVID-19 in-
fection for the COVID-19 group)–COVID-19 survivors (0.85 
mg/L [IQR, 0.42 to 1.44]) versus non-COVID controls (0.61 
mg/L [IQR, 0.22 to 1.63]) (P=0.452). Nonetheless, when we 
reviewed the CRP levels of the COVID-19 survivors during 
hospitalization for acute COVID-19 infection, 42 of them 
(80.8%) had elevated CRP levels with a median CRP level of 
3.01 mg/dL (IQR, 1.07 to 6.10).

Changes in clinical parameters among COVID-19 
survivors over 1 year
Among the 52 COVID-19 survivors, 43 (82.7%) attended the 
1-year reassessment. The 43 subjects who attended reassessment 
were comparable with the nine subjects who did not turn up for 
the reassessment in terms of age (P=0.604), sex (P>0.999), BMI 
(P=0.466), FG (P=0.122), C-peptide level (P=0.632), HOMA-
IR (P=0.461), and HOMA-β (P=0.771), except higher HbA1c 
among those who did not turn up for reassessment (5.8%±0.3% 
vs. 5.5%±0.3%, P=0.009). 

At 1-year reassessment, HbA1c increased from baseline of 
5.5%±0.3% to 5.7%±0.2% (P<0.001). Concomitantly, glucose 

levels were higher at reassessment OGTT at all time points 
compared with OGTT at baseline, although only the increase 
in 1 hour glucose reached statistical significance (P=0.014) 
(Table 2).

When evaluated according to categories of glycemic status 
(defined by HbA1c and OGTT criteria), at baseline, 19 sub-
jects (44.2%) had normoglycemia, 23 subjects (53.5%) had 
prediabetes, and one (2.3%) had diabetes. Upon 1 year, 10 sub-
jects (of the 42 subjects without diabetes at baseline) had pro-
gression in glycemic status, giving a progression rate of 23.8%. 
Among the 10 subjects with progression in glycemic status, 
nine progressed from normoglycemia to prediabetes, and one 
progressed from prediabetes to diabetes.

Importantly, there was no significant change in the C-peptide 
levels (P=0.835). Matsuda index (indicative of insulin sensitiv-
ity) showed a significant decrease over 1 year (P=0.007). Con-
comitantly, there was a trend of increase in BMI from 24.4± 
2.7 to 25.6±5.2 kg/m2 (P=0.083) (Table 2). The levels of hsCRP 

Table 2. Changes in clinical and laboratory parameters from 
baseline to 1-year reassessment (n=43)

Variable Baseline One-year 
reassessment P value

BMI, kg/m2 24.4±2.7 25.6±5.2 0.083

HbA1c, % 5.5±0.3 5.7±0.2 <0.001

Fasting glucose, 
mmol/L

5.06±0.44 5.17±0.45 0.089

30-minute glucose, 
mmol/L

8.81±1.64 9.13±1.75 0.126

1-hour glucose, 
mmol/L

8.65±2.25 9.47±2.60 0.014

2-hour glucose, 
mmol/L

6.52±1.91 6.86±1.83 0.165

C-peptidea, nmol/L 0.67 (0.54–0.84) 0.67 (0.54–0.92) 0.835

HOMA-IRa 1.39 (0.91–2.21) 1.47 (1.14–2.22) 0.235

HOMA-βa 89.5 (64.2–122.2) 89.4 (53.8–106.2) 0.679

Matsuda indexa 5.40 (3.51–9.64) 4.94 (2.81–6.32) 0.007

Values are presented as mean±standard deviation or median (inter-
quartile range).
BMI, body mass index; HbA1c, glycosylated hemoglobin; HOMA-IR, 
homeostasis model assessment of insulin resistance; HOMA-β, ho-
meostasis model assessment of β-cell function.
aLogarithmically transformed before analyses.

Table 3. Comparison of baseline characteristics between CO-
VID-19 survivors who did and did not have progression in gly-
caemic status over 1 year (n=42)

Characteristic Progressors Non-progressors P value

Number 10 32

Age, yr 62.0±7.5 61.3±8.9 0.811

Male sex 4 (40.0) 17 (53.1) 0.469

BMI, kg/m2 24.0±3.1 24.4±2.6 0.681

Fasting glucose, 
mmol/L

5.01±0.34 5.06±0.47 0.746

HbA1c, % 5.36±0.21 5.54±0.21 0.074

C-peptidea, nmol/L 0.83 (0.61–0.98) 0.64 (0.50–0.80) 0.119

HOMA-IRa 1.52 (1.19–1.97) 1.28 (0.90–2.19) 0.706

HOMA-βa 88.6 (64.5–137.2) 89.3 (60.7–121.2) 0.588

Matsuda indexa 4.33 (3.55–7.17) 6.65 (3.62–10.1) 0.344

COVID-19 severity          0.030

   Mild 4 (40.0) 23 (71.9)

   Moderate  3 (30.0) 7 (21.9)

   Severe 3 (30.0) 2 (6.3)

Values are presented as mean±standard deviation, number (%), or 
median (interquartile range).
COVID-19, coronavirus disease 2019; BMI, body mass index; HbA1c, 
glycosylated hemoglobin; HOMA-IR, homeostasis model assessment 
of insulin resistance; HOMA-β, homeostasis model assessment of β-cell 
function.
aLogarithmically transformed before analyses.
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did not show significant change over the year (from 0.88 mg/L 
[IQR, 0.39 to 1.45] to 0.82 mg/L [IQR, 0.50 to 1.36], P=0.928). 
Reassessment of glycemic status, BMI, C-peptide levels and  
indices of insulin resistance was not performed in the control 
group for comparison.

Factors associated with progression in glycemic status 
among COVID-19 survivors
Subjects who had progression in glycemic status had more se-
vere COVID-19 illness than non-progressors (P=0.030), but 
otherwise comparable regarding age, sex, BMI, and other labo-
ratory parameters (Table 3). hsCRP did not differ between pro-
gressors and non-progressors (progressors 0.71 mg/L [IQR, 
0.30 to 2.20] vs. non-progressors 0.88 mg/L [IQR, 0.46 to 1.55], 
P=0.546). However, when considering the CRP levels during 
hospitalization for acute COVID-19 infection, the progressors 
had higher CRP levels than the non-progressors (progressors 
5.26 mg/dL [IQR, 1.26 to 8.05] vs. non-progressors 2.45 mg/dL 
[IQR, 1.04 to 5.41], P=0.408), although not reaching statistical 
significance likely due to the small sample size. To elucidate the 
reasons for higher rate of progression in glycemic status among 
survivors of severe COVID-19, we compared the five survivors 
of severe COVID-19 with the 37 survivors of non-severe COV-
ID-19. Survivors of severe COVID-19 had numerically higher 
CRP levels during hospitalization for acute COVID-19 infec-
tion (4.47 mg/dL [IQR, 2.56 to 7.81] vs. 2.46 mg/dL [IQR, 0.88 
to 5.76], P=0.375). Although subsequent hsCRP levels mea-
sured at 6 weeks after discharge from hospital did not differ be-
tween survivors of severe and non-severe COVID-19, survivors 
of severe COVID-19 were characterized by higher degree of in-
sulin resistance, i.e., higher HOMA-IR (1.62 [IQR, 1.52 to 2.96] 
vs. 1.20 [IQR, 0.90 to 2.14], P=0.152) and lower Matsuda index 
(3.33 [IQR, 2.96 to 4.05] vs. 6.75 [IQR, 4.09 to 10.0], P=0.043).

DISCUSSION

In this prospective 1-year follow-up study of COVID-19 survi-
vors, subjects who had dysglycemia in acute COVID-19 were 
characterized by a state of insulin resistance. A quarter of the 
COVID-19 survivors had progression in their glycemic status 
upon 1-year follow-up. Furthermore, we identified more se-
vere COVID-19 illness as the risk factor of progression in gly-
cemic status. Importantly, there was no significant deteriora-
tion in the insulin secretory capacity over 1 year.

There was initial concern for SARS-CoV-2 infection to cause 

new-onset diabetes, because ACE2 expression was found in the 
pancreas, providing a potential mechanistic link [3]. Indeed, 
there have been case reports of diabetic ketoacidosis at the time 
of diagnosis of COVID-19 infection [18]. Nonetheless, the 
HbA1c levels for these cases were often high, suggestive of un-
diagnosed diabetes picked up during COVID-19 infection. 
With the help of a non-COVID control group matched for age, 
sex, and BMI, we demonstrated that the C-peptide levels of 
COVID-19 survivors soon after recovery from acute COV-
ID-19 were indeed higher than non-COVID group. The obser-
vation was reassuring that there was no significant decrease in 
the insulin secretion among people who suffered from COV-
ID-19 infection. Moreover, the higher C-peptide levels likely 
represented an insulin resistant state. This was consistent with 
the trend towards higher levels of HOMA-IR among COV-
ID-19 survivors. Although there was no difference in the 
hsCRP levels at baseline (i.e., 6 weeks after discharge from hos-
pitalization for acute COVID-19), most COVID-19 survivors 
had elevated CRP levels during hospitalization for acute COV-
ID-19 infection. This supports the notion that the elevated in-
sulin resistance among COVID-19 survivors is initially partly 
contributed by the inflammation cascades associated with CO-
VID-19 infection [19], while the inflammation associated with 
acute COVID-19 infection has subsequently resolved in the 
convalescent phase.

Epidemiological evidence from population-based electronic 
health databases suggested an increase in the incidence of dia-
betes (mainly T2DM) after COVID-19 infection [7], including 
cohorts from the United States [8], Germany [9], and Korea 
[10]. The longest average duration of follow-up for these popu-
lation-based cohort studies was approximately 1 year. In these 
studies, it remained possible that COVID-19 survivors might 
have increased health care utilization, explaining the higher 
likelihood of diagnosis of diabetes among COVID-19 survi-
vors than those without COVID-19 infection. Furthermore, 
the mechanisms underlying the increased risk of new-onset 
diabetes could not be examined in these studies. To address the 
concern of changes in insulin secretory capacity following CO-
VID-19 infection, Clarke et al. [12] previously showed no sig-
nificant evidence of insulinopenia after COVID-19 infection 
among 55 survivors, but baseline C-peptide levels were lack-
ing. Our study contributed valuable data to the literature from 
several perspectives. First, with the help of OGTT, our study 
characterized the glycemic status of COVID-19 survivors in 
detail. We observed a small increase in HbA1c over 1 year 
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from a mean of 5.5% to 5.7%, and this was accompanied by in-
crease in glucose levels at various time points measured in the 
OGTT, reaching statistical significance especially for the 
1-hour glucose levels. This is in keeping with previous observa-
tion of an increased risk of diabetes following COVID-19 in-
fection. Second, with the serial measurements of C-peptide 
levels at baseline and at 1 year after COVID-19 infection, we 
revealed no significant reduction in C-peptide levels even over 
1 year’s time, consistent with the time of follow-up in the afore-
mentioned population-based studies. Furthermore, we dem-
onstrated that insulin resistance indicated by Matsuda index, 
deteriorated over 1 year among COVID-19 survivors. The fact 
that HOMA-IR did not show a statistically significant differ-
ence over 1 year could be because Matsuda index has an addi-
tional value for the detection of insulin resistance beyond the 
ability of HOMA-IR [20]. Taken together, it is less likely that 
SARS-CoV-2 directly damages the endocrine pancreas and 
cause significant impairment in the insulin secretory capacity. 
On the other hand, there was an increase in insulin resistance 
among COVID-19 survivors. The increase in insulin resistance 
can be contributed directly by the inflammation of COVID-19, 
or indirectly through the changes in the lifestyle after COVID-19 
infection [21]. The trend of BMI increase from an average of 
24.4 to 25.6 kg/m2 over 1 year among the COVID-19 survivors 
may suggest the contribution of lifestyle changes to the increase 
in insulin resistance, and in turn, the deterioration of glycemic 
status [22]. As the hsCRP levels did not differ between COV-
ID-19 survivors and non-COVID control group at baseline, 
and the hsCRP levels did not change among COVID-19 survi-
vors over 1 year, it could be inferred that inflammation may not 
play a major role in the subsequent increase in insulin resistance 
in the convalescent phase. 

Our study identified severity of COVID-19 infection to be 
the only factor associated with progression in glycemic status 
among COVID-19 survivors, consistent with the reported risk 
factors in a recent meta-analysis [7]. More severe COVID-19 
infection is more likely to be associated with more significant 
inflammation [23], which in turn may be associated with in-
crease in insulin resistance and progression in glycemic status 
[24]. Our results further suggested that the patients with more 
severe COVID-19 had a higher degree of inflammation associ-
ated with COVID-19, reflected by the higher CRP levels in the 
acute COVID-19 infection. This in turn enhanced the insulin 
resistance, and therefore, predisposed survivors of more severe 
COVID-19 to a higher chance of subsequent progression in 

glycemic status. While the inflammation associated with acute 
COVID-19 infection has subsequently resolved in the conva-
lescent phase, the progression in glycemic status in the conva-
lescent phase is likely driven by lifestyle changes, rather than 
persistent inflammation. Our results may suggest the need to 
monitor the glycemic profile especially among the survivors of 
more severe COVID-19 infection.

We reported a systematic assessment of glycemic status with 
OGTT, together with the indices of insulin secretion and resis-
tance, over 1 year of follow-up, providing valuable insights into 
the pathophysiology of increased risk of diabetes following 
COVID-19 infection. Nonetheless, there are certain limitations 
in this study. First, as this was a pilot study with a relatively 
small sample size, our results warrant further larger studies for 
validation. Second, none of the COVID-19 survivors received 
vaccination during the time of the study, and all COVID-19 
survivors were infected by the ancestral strain of SARS-CoV-2. 
These may limit the generalizability of our results to the cur-
rent situation of the pandemic. Third, although a non-COVID 
control group was available at baseline for characterization of 
the COVID-19 survivors, reassessment glycemic status was not 
available in the non-COVID control group for the comparison 
of the rate of progression in glycemic status. Fourth, detailed 
information related to lifestyle changes during the COVID-19 
pandemic was not available. Nonetheless, the BMI changes ob-
served in our study could capture the outcomes related to life-
style changes. Last but not least, our results were generated 
from exclusively Chinese individuals and may not apply to in-
dividuals from other ethnicities.

In conclusion, subjects who had dysglycemia in acute COV-
ID-19 were characterized by a state of insulin resistance. Over 
1-year follow-up, a quarter of them had progression in glyce-
mic status, especially among those with more severe COVID-19 
illness. Nonetheless, there was no significant deterioration in 
the insulin secretory capacity.
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