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ABSTRACT

Introduction: We aimed to evaluate whether
SARS-CoV-2 infection is associated with beta
cell dysfunction and progression of glycemic
and cardiometabolic variables in an established
cohort.
Methods: Study participants (n = 352, 46.9%
men) underwent a detailed evaluation at two
time points: (a) pre-COVID (2016–19) and
(b) peri-COVID (2020–21). At the second visit,
SARS-CoV-2 infection was determined on the
basis of a quantitative S1/S2 IgG antibody test
(DiaSorin Liaison) and/or a documented history
of infection.
Results: A total of 159 (45.2%) participants
were seropositive for SARS-CoV-2, of whom 122
(76.7%) had mild/asymptomatic infection.
Progression in body mass index (BMI) category
[34 (21.4%) vs. 22 (11.4%), p = 0.011] was seen

in a significantly higher proportion of the par-
ticipants in the infected group compared to the
non-infected group. Progression in glycemic
and insulin indices [homeostasis model assess-
ment of insulin resistance (HOMA-IR), Matsuda
index, and oral disposition index (oDI)] cate-
gories was also evident in a larger proportion of
participants in the infected group; however, the
difference was not statistically significant. On
logistic regression analysis, the association
between SARS-CoV-2 infection and BMI cate-
gory progression was statistically significant
[fully adjusted OR 2.14 (95% CI, 1.18–3.90;
p = 0.013)].
Conclusion: In this longitudinal study, pre-
dominant mild/asymptomatic SARS-CoV-2
infection was associated with increase in BMI,
but not with worsening of beta cell function
and insulin resistance, nor glycemic
progression.
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Key Summary Points

Why carry out this study?

Diabetes and COVID-19 carry a
bidirectional relationship. There is a
paucity of data on the exact magnitude
and pathophysiological link for beta cell
dysfunction and new-onset diabetes
following COVID-19, especially mild/
asymptomatic disease.

This study aimed to evaluate whether
SARS-CoV-2 infection is associated with
beta cell dysfunction and progression of
glycemic and cardiometabolic variables in
an established cohort.

What was learned from the study?

A significantly higher proportion of
participants in the infected group
progressed in body mass index (BMI)
category, i.e., from normal weight to
overweight or from overweight to obesity
category.

Progression in glycemic and insulin
indices [homeostasis model assessment of
insulin resistance (HOMA-IR), Matsuda
index, and oral disposition index (oDI)]
categories was also evident in a larger
proportion of participants in the infected
group; however, the difference was not
statistically significant.

To the best of our knowledge, this is the
first study to formally evaluate the
emerging concept of new-onset metabolic
dysfunction following SARS-CoV-2
infection using a longitudinal cohort
design.

INTRODUCTION

The ongoing coronavirus disease 2019 (COVID-
19) pandemic has badly affected the global
health community. At the time of writing this

paper, more than 187 million cases and more
than 4.0 million deaths have already been
reported [1]. Diabetes and COVID-19 share a
bidirectional relationship. On the one hand,
poor COVID-19 outcomes have been reported
in patients with uncontrolled hyperglycemia
[2–4]; on the other hand, the viral infection
itself has been postulated to affect beta cell
function, and induce new-onset diabetes and
severe metabolic decompensation in patients
with pre-existing diabetes [5–7]. Data on the
exact magnitude and pathophysiological link
for beta cell dysfunction and new-onset diabetes
following COVID-19 are still very scarce. To
address this lacuna, a global registry of patients
with COVID-19-related diabetes has been
established [8]. The registry includes patients
with new-onset diabetes with confirmed severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, a negative past history
of diabetes, and a previously normal glycated
hemoglobin (HbA1c) level. However, it remains
to be seen whether the registry provides insights
into exact mechanisms for virus-induced beta
cell dysfunction and metabolic deterioration.

There are some salient aspects to the patho-
physiology of diabetes epidemic in South Asian
countries like India. Type 2 diabetes is known to
develop at a younger age and at a lower body
mass index (BMI) in Asian Indians, compared to
white Caucasians [9]. Besides, compared to
other ethnicities, beta cell secretory defect,
rather than insulin resistance, is the more
prominent pathophysiological defect [10].
Given the proposed link between SARS-CoV-2
infection and beta cell dysfunction, it would be
interesting to examine the trends in beta cell
function and glycemic parameters in a South
Asian cohort evaluated before and during/after
the course of pandemic.

With this background, we evaluated partici-
pants, aged 20–50 years, from a cohort of
women with and without history of hyper-
glycemia in pregnancy and their spouses, which
has been previously established. The partici-
pants in this cohort underwent a detailed eval-
uation for glycemic parameters and insulin
indices at two points: (a) pre-COVID period
(2016–19) and (b) peri-COVID period
(2020–21). Besides, at the second visit, SARS-
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CoV-2 infection was determined on the basis of
the presence of SARS-CoV-2 IgG antibodies and/
or a documented history of viral infection. The
dual evaluation planned in this study provides
us an opportunity to determine whether SARS-
CoV-2 infection is associated with worsening of
beta cell function, and insulin resistance and
progression of glycemic and cardiometabolic
parameters. To the best of our knowledge, this is
the first study to formally evaluate the emerging
concept of new-onset metabolic dysfunction
following SARS-CoV-2 infection using a longi-
tudinal cohort design.

METHODS

Settings and Study Design

This was a longitudinal cohort study performed
at a public tertiary care center in North India
(All India Institute of Medical Sciences, New
Delhi) that caters to the low- and middle-in-
come population. The cost for all study-related
procedures and investigations was exempted for
participants, as per the study protocol. The
study was approved by the institutional ethics
committee (IEC ref. no. IEC-110/05.02.2021)
and informed consent was obtained from the
study participants. The study was conducted in
accordance with the International Conference
on Harmonisation Guidelines for Good Clinical
Practice and the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Women with and without history of hyper-
glycemia in pregnancy and their spouses who
are part of an existing cohort were included in
this study. To be eligible, a participant should
have been evaluated twice: (a) before the onset
of COVID-19 outbreak (pre-COVID period;
2016–19), and (b) during the time of COVID-19
outbreak (peri-COVID period; 2020–21). Since
the study aimed to evaluate the progression of
glycemic parameters, subjects with diabetes at
the initial visit were excluded.

Study Procedures

At both the study visits, participants were invi-
ted to attend the hospital in a fasting state
(minimum fast of 10 h). At the scheduled visit,
participants underwent a 75-g oral glucose tol-
erance test with measurement of plasma glucose
and serum insulin at 0, 30 and 120 min. Besides,
blood was also collected in the fasting state for
measurement of HbA1c. On both the study
visits, anthropometric measurements were per-
formed using standard methods. Details
regarding the anthropometric and biochemical
variables and their measurements, including
the method of performing oral glucose toler-
ance test and calculation of insulin indices,
such as homeostasis model assessment of insu-
lin resistance (HOMA-IR), a marker of insulin
resistance and oral disposition index (oDI), a
marker of composite beta cell function, were
provided in our previous publications [11, 12].
Briefly, HOMA-IR was calculated using the fol-
lowing formula: fasting insulin (mU/L) 9 fast-
ing plasma glucose (mmol/L)/22.5; and ODI was
calculated using the following formula:
DI0-30/DG0-30 9 1/fasting insulin (where
DI0–30 is the change in serum insulin over
30 min [pmol/L] and DG0–30 is the change in
plasma glucose over 30 min [mmol/L]) [13–15].
An online web calculator was used to calculate
the Matsuda index (a marker of insulin sensi-
tivity) [16, 17].

A detailed questionnaire documenting
demographic details, education and employ-
ment status, and family history of diabetes was
filled at the initial visit. Additionally, during the
second visit (peri-COVID period; 2020–21),
blood was collected for SARS-CoV2 IgG anti-
body test, and a history of documented SARS-
CoV-2 infection [using reverse transcription
polymerase chain reaction (RT-PCR) or rapid
antigen test] was ascertained. Accordingly, the
participants were classified into two groups:
(a) infected (antibody positive, defined as
levels C 15 AU/mL and/or history of docu-
mented infection), and (b) non-infected (anti-
body negative, defined as levels\ 12 AU/mL
and no history of documented infection). Par-
ticipants who tested antibody positive, but had
no prior history of documented SARS-CoV-2
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infection, were classified as having mild/
asymptomatic infection. The last study sample
was collected on 26 February 2021, about 3 days
before the Government of India initiated the
vaccination drive for the high-risk general
population [18]. Thus, the seropositivity data
obtained in this study were not affected by the
ongoing vaccination program.

Study Definitions

Normoglycemia was defined as fasting plasma
glucose of \100 mg/dL (5.6 mmol/L), and 2 h
plasma glucose of \ 140 mg/dL (7.8 mmol/L).
Prediabetes was defined as the presence of
impaired fasting glucose [fasting plasma glucose
of 5.6–6.9 mmol/L (100–125 mg/dL)], impaired
glucose tolerance [2 h plasma glucose of 7.8–-
11.0 mmol/L (140–199 mg/dL)], or both. Dia-
betes mellitus was defined as fasting plasma
glucose of C 7.0 mmol/L (126 mg/dL) and/or
2 h plasma glucose of C 11.1 mmol/L (200 mg/
dL) and/or HbA1c of C 48 mmol/mol (6.5%)
[19]. Overweight and obesity were defined as
BMI 25–29.9 and C 30 kg/m2, respectively [20].
Hypertension was defined as a blood pres-
sure C 140/90 mmHg and/or use of antihyper-
tensive medications [21].

Progression in glycemic category was defined
as worsening from normoglycemia to predia-
betes/diabetes or from prediabetes to diabetes
over the course of two study visits. Progression
in BMI category was defined as worsening from
normal weight to overweight/obese state or
from overweight to obese state. Progression in
insulin indices, namely HOMA-IR, Matsuda
index, and oDI, was defined when the value
obtained on the follow-up visit crossed the
original tertile category (e.g., from first to sec-
ond or third tertile, and from second to third
tertile).

Biochemical and Hormonal
Measurements

Plasma glucose was measured on an autoana-
lyzer using the hexokinase method (Cobas
Integra 400 Plus analyzer, Roche Diagnostics,
Mannheim, Germany). HbA1c was measured

using an ion-exchange high-performance liquid
chromatography method (Tosoh HLC-723 G8
HbA1c analyzer, Tosoh Corp., Tokyo, Japan).
The inter-assay coefficients of variation (CV) for
HbA1c derived from low- and high-quality
control samples were\ 3.0%. Serum insulin
was measured using an electrochemilumines-
cent tracer-based two-site immunometric assay
(Cobas e-411 analyzer, Roche Diagnostics,
Mannheim, Germany). The inter-assay CVs for
serum insulin based on low- and high-quality
control samples were 4.0% and 3.8%, respec-
tively. The departmental laboratories partici-
pate in external quality assurance programs for
various study analytes, namely glucose and
HbA1c (EQAS Bio-Rad) and insulin (UK NEQAS,
Guildford).

SARS-CoV-2 IgG Antibody Test

IgG antibodies against S1 and S2 proteins of
SARS-CoV-2 were detected using an indirect
chemiluminescence immunoassay (CLIA) on
the LIAISON� XL autoanalyser (DiaSorin S.p.A.,
Saluggia, Italy). The assay provides quantitative
estimation of antibody concentration. As per
the manufacturer’s kit insert, antibody concen-
tration\ 12 AU/mL was considered as negative
and [ 15 AU/mL as positive. The diagnostic
sensitivity and specificity for this antibody assay
are 97.4% ([ 15 days after confirmed microbio-
logical diagnosis) and 98.5%, respectively. In a
previous study, antibody levels[ 80 AU/mL
using this assay platform were shown to have
87% positive agreement with plaque reduction
neutralization test (PRNT) titers[ 1:160 [22].

For samples with intermediate concentration
between 12 and 15 AU/mL, retesting of the
same specimen in duplicate was performed, as
per the manufacturer’s instructions. Samples
having at least 2 out of the 3 results equal to or
above 15.0 AU/mL were graded as positive,
while those with at least 2 out of the 3 results
less than 12.0 AU/mL or a repeat indeterminate
result were graded as negative. The limit of
detection for the assay was 3.8 AU/mL and the
measurement range was up to 400 AU/mL. For
samples with concentration less than limit of
detection and more than measurement range,
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values of 3.8 AU/mL and 400 AU/mL, respec-
tively were entered. The intra- and inter-assay
CV for the assay were 5.0% and 8.4%,
respectively.

Sample Size Calculation

There were no data on the proposed research
question to guide sample size calculation at the
time of drafting this study. Therefore, the sam-
ple size calculations were based on the follow-
ing observations: (a) the COVID-19 positivity
rate was assumed to be 30%, based on sero-
prevalence estimates from New Delhi, India at
that time [23], and (b) the deterioration in gly-
cemic category (from normoglycemia to predi-
abetes/diabetes and from prediabetes to
diabetes) was assumed to be 30% and 15%,
respectively, in participants with and without
COVID-19. Using these assumptions, and with
an 80% power and two-sided a = 0.05, the
required sample size was determined to be 350.

Statistical Analysis

STATA 15.0 (Stata Corp, College Station, TX,
USA) was used for the statistical analyses. Data
are presented as number (%), mean ± standard
deviation or median (q25–q75), as appropriate.
For comparison of qualitative variables between
two groups, Pearson’s v2 test or Fisher’s exact
test were used, as appropriate. Normally dis-
tributed quantitative variables were compared
using Student’s t test, while Wilcoxon rank sum
test or Kruskal–Wallis test were used for com-
paring quantitative variables without normal
distribution. Logistic regression analysis was
used to evaluate association between SARS-CoV-
2 infection and progression of glycemic and
BMI categories. The results of regression analy-
sis were expressed as unadjusted and adjusted
odds ratio (95% confidence interval [CI]). For
adjusted analysis, the following covariates that
are known to have a bearing on the outcome
were accounted: age, gender, employment sta-
tus, and education (model 1); baseline BMI, and
family history of diabetes (model 2); duration
between two study evaluations (model 3); and
all the aforementioned covariates combined

(model 4). The significance level was set at
p\0.05.

RESULTS

Baseline Characteristics

A total of 352 participants [165 (46.9%) men]
were evaluated in this study. The mean age at
the time of initial visit was 35.2 ± 5.3 years.
Family history of diabetes was present in 130
(36.9%) participants. A total of 244 (69.3%)
participants were normoglycemic, while
another 108 (30.7%) had prediabetes. A total of
194 (55.1%) participants were either overweight
or obese. Hypertension was present in 34 (9.7%)
participants (Table 1).

Seroprevalence and Infection Data

A total of 159 (45.2%) participants were
seropositive for SARS-CoV-2 IgG. A history of
documented infection was present in 37
(10.5%) participants. Among these, 29 (78.4%)
tested positive for RT-PCR test, while rest 8
(21.6%) tested positive on a rapid antigen test.
All participants (n = 37) with a history of doc-
umented infection were seropositive, while a
total of 122 (76.7%) seropositive individuals
had no history of SARS-CoV-2 infection, sug-
gestive of asymptomatic or mild self-limited
disease (Fig. 1). The median antibody levels in
study participants (n = 352) was 8.2
(3.8–51.5) AU/mL, while that in seropositive
individuals (n = 159) was 63.4 (33.9–106.0) AU/
mL. Among seropositive individuals, 54 (34.0%)
had antibody levels between 15 and 40 AU/mL,
while 46 (28.9%) and 59 (37.1%) had antibody
levels between 40 and 80 AU/mL, and[80 AU/
mL, respectively. On subgroup analysis,
seropositivity rate and antibody titers (among
seropositive participants) were not statistically
different (p = 0.744 and 0.839, respectively)
between participants stratified according to
their baseline characteristics into following four
groups: (1) normoglycemia and normal weight
group, (2) normoglycemia and overweight/
obese group, (3) prediabetes and normal weight
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group, (4) prediabetes and overweight/obese
group (Figs. 1 and 2).

Progression in Glycemic Variables
and Changes in Insulin Indices in Between
Two Time Points

The mean duration between two study evalua-
tions was 21.5 ± 7.1 months [non-infected
group, 21.9 ± 8.5 months; infected group,
20.9 ± 5.0 months]. A progression in glycemic
and BMI categories was evident in 71 (20.2%)
and 56 (15.9%) participants, respectively. In the
glycemic category, progression from normo-
glycemia to prediabetes occurred in 53 (15.1%),
from prediabetes to diabetes in 16 (4.6%), and
from normoglycemia to diabetes in 2 (0.6%)
participants. Similarly, in the BMI category,
progression from normal to overweight cate-
gory occurred in 41 (11.7%), and from over-
weight to obese category in 15 (4.3%)
participants (Table 2).

Progression in BMI category [34 (21.4%) vs.
22 (11.4%), p = 0.011] was seen in a signifi-
cantly higher proportion of the participants in
the infected group compared to the non-in-
fected group. Similarly, weight increase by 5%
or more was evident in a significantly higher
proportion of infected compared to non-in-
fected participants [54 (34.0%) vs. 46 (23.8%);
p = 0.036]. Despite the BMI change, progression
in glycemic [33 (20.8%) vs. 38 (19.7%),
p = 0.804] category did not differ significantly
between the two groups. In the infected group,
progression in BMI category occurred in 25

Table 1 Baseline characteristics of study participants

Variable Result

Male 165 (46.9)

Age (years) 35.2 ± 5.3

Employed 197 (56.0)

Education, graduation and beyond 219 (62.2)

Income per montha

\ 20,000 INR 115 (32.8)

20,000–50,000 INR 166 (47.3)

[ 50,000 INR 70 (19.9)

Joint family 170 (48.3)

Family history of diabetes 130 (36.9)

Past history of GDMb 109 (59.2)

Postpartum duration (months)c 43.3 ± 19.2

Fasting plasma glucose (mmol/L) 5.1 ± 0.6

30-min plasma glucose (mmol/L) 8.4 ± 1.8

2-h plasma glucose (mmol/L) 6.3 ± 1.6

HbA1c (%) 5.5 ± 0.4

HbA1c (mmol/mol) 36.3 ± 4.6

Glycemic category

Normoglycemia 244 (69.3)

Prediabetes 108 (30.7)

BMI (kg/m2) 26.0 ± 4.2

Normal weight 158 (44.9)

Overweight 140 (39.8)

Obesity 54 (15.3)

WC (cm) 92.2 ± 10.3

WC, women (cm) 90.8 ± 11.7

WC, men (cm) 93.8 ± 8.2

Elevated WC 276 (78.4)

Elevated WC, women 158 (84.5)

Elevated WC, men 118 (71.5)

SBP (mmHg)a 113.0 ± 15.2

DBP (mmHg)a 74.9 ± 10.4

Table 1 continued

Variable Result

Hypertensiona 34 (9.7)

Data expressed as n, %, mean ± SD or median (q25–q75),
as appropriate
BMI body mass index, DBP diastolic blood pressure, GDM
gestational diabetes mellitus, INR Indian rupees, SBP sys-
tolic blood pressure, WC waist circumference
a n = 351
b n = 184
c n = 188
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Fig. 1 Bar graph showing prevalence of SARS-CoV-2
seropositivity and documented infection in the study
population, stratified according to baseline glycemia and

body weight (p = 0.744 and 0.805, respectively). NG,
normoglycemia; NW, normal weight; OW/OB, over-
weight/obese; PD, prediabetes

Fig. 2 Box and whisker plot representation of SARS-
CoV-2 IgG antibody titers in the seropositive participants,
stratified according to baseline glycemia and body weight

(p = 0.839). NG, normoglycemia; NW, normal weight;
OW/OB, overweight/obese; PD, prediabetes
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(20.5%) and 9 (24.3%) participants with
asymptomatic and symptomatic infection,
respectively (p = 0.618). Similarly, progression
in glycemic category occurred in 27 (22.1%) and
6 (16.2%) participants with asymptomatic and
symptomatic infection, respectively (p = 0.437).
Progression in glycemic category occurred in

29.4% and 31.8% of those with BMI category
progression in the infected and non-infected
groups, respectively.

The median overall change in HOMA-IR,
Matsuda index, and oral disposition index was
0.48 (- 0.27, 1.24), - 0.64 (- 1.85, 0.17) and
- 0.07 (- 0.82, 1.26), respectively. There was no

Table 2 Progression in glycemic and metabolic variables and changes in insulin indices in SARS-CoV-2 infected and non-
infected groups between two study time points

Variable Overall (n = 312) Non-infected
(n = 193)

Infected (n = 159) p value

Progression in glycemic category 71 (20.2) 38 (19.7) 33 (20.8) 0.804

NG to PD 53 (15.1) 29 (15.0) 24 (15.1)

PD to DM 16 (4.6) 8 (4.2) 8 (5.0) 0.965

NG to DM 2 (0.6) 1 (0.5) 1 (0.6)

Progression in BMI category 56 (15.9) 22 (11.4) 34 (21.4) 0.011

NW to OW 41 (11.7) 15 (7.8) 26 (16.4)

OW to OB 15 (4.3) 7 (3.6) 8 (5.0) 0.031

Progression in HOMA-IR category 113 (32.9) 60 (31.6) 53 (34.4) 0.578

Baseline HOMA-IR 2.35 (1.57, 3.58) 2.48 (1.75, 3.77) 2.30 (1.50, 3.15)

Follow-up HOMA-IR 2.85 (1.92, 4.41) 3.05 (2.00, 4.52) 2.70 (1.86, 4.14)

Delta HOMA-IRa 0.48 (- 0.27, 1.24) 0.46 (- 0.40, 1.37) 0.49 (- 0.12, 1.16) 0.854

Progression in Matsuda index

category

95 (30.7) 53 (30.6) 42 (30.9) 0.963

Baseline Matsuda index 3.72 (2.46, 5.60) 3.48 (2.44, 5.33) 4.00 (2.52, 5.80)

Follow-up Matsuda index 2.91 (1.89, 4.46) 2.79 (1.71, 4.40) 3.20 (2.14, 4.71)

Delta Matsuda indexb - 0.64 (- 1.85, 0.17) - 0.65 (- 1.88, 0.29) - 0.60 (- 1.75, 0.15) 0.833

Progression in oDI category 66 (21.2) 33 (18.9) 33 (24.1) 0.262

Baseline oDI 2.31 (1.38, 3.90) 2.12 (1.20, 3.19) 2.66 (1.72, 4.81)

Follow-up oDI 2.40 (1.47, 4.11) 2.24 (1.38, 3.86) 2.62 (1.72, 4.58)

Delta oDIc - 0.07 (- 0.82, 1.26) 0.01 (- 0.63, 1.19) - 0.18 (- 1.06, 1.57) 0.409

Delta values presented for HOMA-IR, Matsuda index, and oDI represent median (IQR) of difference between follow-up
and baseline result for individual participants, and should not be seen as difference of median values of these indices
provided in the table
DM diabetes mellitus, NG normoglycemia, oDI oral disposition index, OB obese, OW overweight, PD prediabetes
a n = 344
b n = 309
c n = 312
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significant difference in worsening in each of
the three insulin indices categories between the
infected and non-infected groups [HOMA-IR
category: 53 (34.4%) vs. 60 (31.6%), p = 0.578;
Matsuda index category: 42 (30.9%) vs. 53
(30.6%), p = 0.963; oDI category: 33 (24.1%) vs.
33 (18.9%), p = 0.262)] (Table 2).

Change in Insulin Indices in Glycemic
Progressors vs. Non-progressors

The magnitude of change in HOMA-IR over the
course of two study visits was significantly
higher among participants with glycemic cate-
gory progression, compared to those without
[median (IQR) 1.37 (0.24, 2.23) vs. 0.37 (- 0.34,
0.98); p\0.001]. Similarly, the magnitude of
change in Matsuda index [median (IQR) - 0.99
(- 2.01, - 0.31) vs. - 0.54 (- 1.58, 0.41);
p = 0.005] and oDI median (IQR): - 0.42
(- 1.07, 0.18) vs. 0.13 (- 0.69, 1.52); p = 0.002]
was significantly higher among participants
with glycemic category progression.

Association Between SARS-CoV-2
Infection and Progression of Glycemic
and Cardiometabolic Variables

On logistic regression analysis, the association
between SARS-CoV-2 infection and BMI cate-
gory progression was statistically significant

[unadjusted OR 2.11 (95% CI, 1.18–3.79;
p = 0.012); fully adjusted OR 2.14 (95% CI,
1.18–3.90; p = 0.013)]. The unadjusted and
adjusted ORs for association between SARS-
CoV-2 infection and progression in glycemic
category were all greater than 1.0; however,
none was statistically significant. In the fully
adjusted model, the OR for glycemic category
progression was 1.18 (95% CI, 0.69–2.01,
p = 0.555) (Table 3).

DISCUSSION

A large body of evidence suggesting worse
COVID-19 outcomes among patients with dia-
betes, especially in those with uncontrolled
hyperglycemia, is now available [2–4]. However,
the data on the other side of the bidirectional
relationship, i.e., the magnitude and patho-
physiology of SARS-CoV-2-induced glycemic
dysfunction, especially in individuals with
mild/asymptomatic infection are very scarce.
Wu et al. [24], recently reported that SARS-CoV-
2 infects beta cells and induces beta cell apop-
tosis and loss of insulin secretion, in vitro.
Similarly, Tang et al. [25] found that the viral
antigen is expressed in pancreatic beta cells, and
upon infection, the expression of insulin is
reduced, while that of glucagon and trypsin1 is
upregulated, indicating beta cell transdifferen-
tiation. However, these data were mainly

Table 3 Unadjusted and adjusted odds ratios (95% confidence intervals) for the association between SARS-CoV-2
infection and progression of glycemic and metabolic variables

Variable (outcome) Unadjusted OR Model 1 Model 2 Model 3 Model 4

Glycemic progression 1.07 (0.63, 1.80) 1.12 (0.66, 1.90) 1.08 (0.64, 1.83) 1.11 (0.65, 1.88) 1.18 (0.69, 2.01)

p value 0.804 0.678 0.771 0.699 0.555

BMI category progression 2.11 (1.18, 3.79) 2.05 (1.14, 3.70) 2.13 (1.18, 3.82) 2.18 (1.21, 3.92) 2.14 (1.18, 3.90)

p value 0.012 0.017 0.012 0.010 0.013

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, BMI body mass index
Model 1: Adjusted for age, gender, employment status, and education
Model 2: Adjusted for baseline BMI, and family history of diabetes
Model 3: Adjusted for duration between two study evaluations (years)
Model 4: Model 1 ? 2 ? 3
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derived from autopsy studies of patients who
died of severe COVID-19. Similarly, clinical
observations of an increase in magnitude and
severity of hyperglycemia in COVID-19 are
based on hospitalized patients [5–7], who
invariably suffer from moderate-severe disease.
However, in the real world, the number of
patients with mild/asymptomatic disease far
outnumbers those with moderate/severe disease
[26]. Our study evaluated the impact of pre-
dominant mild/asymptomatic SARS-CoV-2
infection on worsening of beta cell function
and insulin indices and progression of glycemic
and cardiometabolic variables, and thus pro-
vides a more realistic estimate of the problem at
hand.

We found that a significantly higher pro-
portion of participants in the infected group
progressed in BMI category, i.e., from normal
weight to overweight or from overweight to
obesity category. Besides, even after adjustment
for multiple covariates, the association between
SARS-CoV-2 infection and BMI category pro-
gression remained significant (the adjusted odds
for progression were nearly twofold higher in
the infected group compared to the non-in-
fected group). The existing data suggest that
patients with COVID-19 are at a high risk of
acute weight loss, owing to several factors such
as systemic inflammation, loss of appetite, and
loss of smell and taste. In a recent study by
Di Filippo et al. [27], 213 patients with COVID-
19 were evaluated at a median duration of
23 days following recovery; median weight loss
was 2.3 kg and nearly 30% participants lost
more than 5% of their initial (pre-morbid)
weight. A majority (73%) of patients were hos-
pitalized, implying a severe disease at the time
of presentation and were evaluated relatively
early following their recovery from viral infec-
tion, which explains the divergence of this
study’s findings with ours. However, the asso-
ciation of viral infection with weight gain seen
in our study remains intriguing. We hypothe-
size that the association results either from a
direct link between SARS-CoV-2 and adipose
tissue or through indirect mechanisms such as
reduced physical activity (resulting from long
COVID symptoms such as fatigue and myalgia),
and erratic dietary and sleep patterns [28].

Conversely, it is possible that participants who
gained weight, and thus progressed in BMI cat-
egory, were more susceptible to develop
COVID-19 (than the other way round, i.e.,
SARS-CoV-2 infection led to weight gain) [29].
Clearly, these data need further validation in
larger studies, and with a longer duration of
participant follow-up.

Despite the BMI change, progression in gly-
cemic category was not significantly different
between the two groups. The unadjusted and
adjusted odds ratios for associations between
viral infection and glycemic category progres-
sion were greater than 1.0; however, these were
not statistically significant. In terms of insulin
indices, the measures of insulin resistance
(HOMA-IR), insulin sensitivity (Matsuda index),
and beta cell function (oral disposition index)
worsened in the entire cohort over study dura-
tion, especially in glycemic category progres-
sors. However, there was no significant
difference between the infected and non-in-
fected groups for worsening of any of the three
insulin index categories. Thus, our study sug-
gests that unlike moderate-severe COVID-19,
mild/asymptomatic disease is not associated
with significant deterioration of beta cell func-
tion, insulin resistance, and glycemic parame-
ters, at least in the short term. However, if the
effects on these parameters are to be mediated
through BMI, it is possible that these may only
be revealed on a long-term follow-up of this
cohort.

The strengths of our study are its novelty, a
large sample size, a longitudinal design, and a
comprehensive evaluation of glycemic and car-
diometabolic variables and insulin indices at
both time points. We reported data on patients
with mild/asymptomatic infection, which is
more reflective of the real-world scenario. We
also adjusted for various covariates, including
the duration between two study visits, in order
to discern whether and to what magnitude
SARS-CoV-2 contributes to the progression,
beyond the usual risk factors. We acknowledge
certain limitations of this study. Our study
cohort comprised a selected group of relatively
healthy young individuals who were followed
up at a single center. We do not have informa-
tion on the exact time of onset of infection in
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study participants; however, the duration
between two study evaluations was similar in
the infected and non-infected groups. The
duration of follow-up following the index
infection was also short (less than 1 year). The
virulence of SARS-CoV-2 is known to vary across
the globe [30], and so could its impact on vari-
ous metabolic parameters. Therefore, this work
should be supplemented with more studies
performed globally, in different patient popu-
lations, and at longer periods following the
index infection.

CONCLUSION

This longitudinal study, for the first time, eval-
uated the impact of SARS-CoV-2 infection on
progression of glycemic and cardiometabolic
parameters and insulin indices in a South Asian
cohort. The presence of viral infection was
associated with a significant progression in BMI
category, i.e., from normal weight to over-
weight or from overweight to obese category.
The effect of infection on progression of glyce-
mia and insulin indices categories was not evi-
dent; however, this remains worthy of further
investigation in a long-term follow-up of the
same cohort.
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