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Objective: Data for the association between diabetes and severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) susceptibility are conflicting. We aimed to evaluate this association using an analytical
cross-sectional study design.
Methods: Study participants were recruited from endocrine clinics of our hospital and belonged to 3
groups: group 1 (type 1 diabetes mellitus [T1DM]), group 2 (type 2 diabetes mellitus [T2DM]), and group
3 (controls). All participants submitted blood samples for SARS-CoV-2 S1/S2 immunoglobulin G antibody
test (LIAISON; DiaSorin) and were interviewed for a history of documented infection.
Results: We evaluated a total of 643 participants (T1DM, 149; T2DM, 160; control, 334; mean age, 37.9 ±
11.5 years). A total of 324 (50.4%) participants were seropositive for SARS-CoV-2. The seropositivity rate
was significantly higher in the T1DM (55.7% vs 44.9%, P ¼ .028) and T2DM (56.9% vs 44.9%, P ¼ .013)
groups than in the control group. The antibody levels in seropositive participants with T1DM and T2DM
were not significantly different from those in seropositive controls. On multivariable analysis, low ed-
ucation status (odds ratio [OR], 1.41 [95% CI, 1.03-1.94]; P ¼ .035), diabetes (OR, 1.68 [95% CI, 1.20-2.34];
P ¼ .002), and overweight/obesity (OR, 1.52 [95% CI, 1.10-2.10]; P ¼ .012) showed a significant association
with SARS-CoV-2 seropositivity. The association between diabetes and SARS-CoV-2 seropositivity was
found to further increase in participants with coexisting overweight/obesity (adjusted OR, 2.63 [95% CI,
1.54-4.47]; P < .001).
Conclusion: SARS-CoV-2 seropositivity, assessed before the onset of the national vaccination program,
was significantly higher in participants with T1DM and T2DM than in controls. The antibody response
did not differ between seropositive participants with and without diabetes. These findings point toward
an increased SARS-CoV-2 susceptibility for patients with diabetes, in general, without any differential
effect of the diabetes type.

© 2021 AACE. Published by Elsevier Inc. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic has affected
lives globally for more than a year now. At the time of writing this
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article, >175.9 million confirmed cases and >3.8 million fatalities
have been reported worldwide.1 Diabetes is estimated to affect 463
million adults, representing 9.3% of the global adult population.2 It
is, therefore, not surprising that diabetes (along with hypertension
and obesity) has been commonly reported in patients with COVID-
19. A recent meta-analysis of 18 studies reported a pooled preva-
lence of diabetes among patients with COVID-19 as 11.5% (95% CI,
9.5-13.4).3 Besides being a common comorbidity, diabetes is asso-
ciated with an increased risk of severe disease (odds ratio [OR],
2.35; 95% CI, 1.80-3.06) and poor patient outcomes, including
mortality (OR, 2.50; 95% CI, 1.74-3.59).4

Diabetes has been postulated to increase susceptibility for
acquiring severe acute respiratory syndrome coronavirus 2 (SARS-
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CoV-2) infection through various mechanisms.5e10 However, data
to suggest an increased risk of COVID-19 among patients with
diabetes are conflicting. A community-based seroprevalence study
performed in rural Bangalore district of India found no association
between diabetes and SARS-CoV-2 seropositivity.11 On the other
hand, a hospital-based study from Mumbai, India, that compared
demographic factors and comorbidities between reverse
transcriptaseepolymerase chain reaction (RT-PCR)epositive and
RT-PCRenegative cases found a significant association between
diabetes and SARS-CoV-2 infection.12 As many as 7 undetected
infected individuals may exist in community for every single RT-
PCReconfirmed case; hence, the findings of the latter study may
not be generalizable to SARS-CoV-2 infection, as a whole.11

Furthermore, there are no studies in the literature that have eval-
uated differences in SARS-CoV-2 susceptibility between individuals
with type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus
(T2DM).

Indirect evidence on the question of susceptibility can also be
gathered by comparing the prevalence of diabetes in patients with
COVID-19 with that in the general population. The estimates have
varied from 7.2% to 27.3% in various studies from China, Italy, the
United States, and India, which are lesser, equal, or greater than the
background prevalence of diabetes in these countries.13e21 There-
fore, based on these data, it is difficult to draw any firm conclusion
with regard to disease susceptibility. Moreover, there are 2 major
limitations in interpreting these results as surrogates for diabetes
susceptibility: (1) there is a lack of clarity or heterogeneity across
studies in terms of how diabetes was defined as a comorbidity, and
(2) these data are derived from patients admitted in hospital and/or
intensive care units and, therefore, likely to be biased in terms of
disease severity and the presence of diabetes. A formal study that
evaluates and compares prior SARS-CoV-2 infection, both symp-
tomatic and asymptomatic, in persons with and without diabetes,
defined using standard biochemical criteria, is, therefore, needed to
address this unanswered question.

With this background, we planned this analytical cross-
sectional study to evaluate and compare the seroprevalence of
SARS-CoV-2 among individuals with (cases) and without diabetes
(controls) visiting our hospital, who were enrolled before the onset
of the national vaccination program. The study aimed to answer the
following important questions: (1) is the risk of acquiring SARS-
CoV-2 infection higher in persons with diabetes, (2) is the risk
different among persons with T1DM and T2DM, (3) what are the
factors associated with an increased risk of SARS-CoV-2 infection,
and (4) are humoral immune responses to viral infection compa-
rable among persons with and without diabetes?

Methods

Settings and Study Design

This was an analytical cross-sectional study conducted at a
tertiary care center in North India. The study was approved by the
institutional ethics committee of All India Institute of Medical Sci-
ences (institutional ethics committee reference number: IEC-110/
05.02.2021, RP-40/2021).

Study Population

This study included 3 groups: group 1 (T1DM), group 2
(T2DM), and group 3 (controlsdindividuals without diabetes). All
study participants submitted blood samples between October 1,
2020, and February 27, 2021, as a part of ongoing research pro-
jects. Participants in groups 1 and 2 were recruited from general
and/or specialty endocrine clinics run by the department. T1DM
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was defined according to the following clinical definition: (1) age
at onset of diabetes of <25 years, (2) persistent insulin require-
ment within 6 months from the diagnosis of diabetes, and (3)
absence of pancreatic calcification and features of insulin resis-
tance such as acanthosis nigricans. The presence of ketosis and
pancreatic b-cell autoantibodies was used as an additional sup-
portive feature. T2DM was defined according to the following
clinical definition: (1) variable age at onset; (2) presence of
obesity, a positive family history, and features of insulin resistance
such as acanthosis nigricans; and (3) the lack of insulin depen-
dence for glycemic control, at least early in the disease course. We
have an ongoing study involving a cohort of women with hyper-
glycemia in pregnancy and a comparator group of women with
normoglycemia in pregnancy who are followed up in the post-
partum period, along with their spouses. These women and their
spouses have been included as controls in the present study after
confirming that they presently do not have diabetes, that is,
fasting plasma glucose levels of <126 mg/dL or 7.8 mmol/L, post
75-g glucose load 2-hour plasma glucose levels of <200 mg/dL or
11.1 mmol/L, and hemoglobin A1C (HbA1c) levels of <6.5% or 48
mmol/mol.

Since the last study sample was collected on February 27,
2021, 2 days before the Indian government initiated vaccination
for the high-risk general population, the seropositivity results
obtained in this study were not affected by the ongoing vacci-
nation drive.22

Study Procedures

Study participants underwent testing for SARS-CoV-2 S1/S2
immunoglobulin G (IgG) antibody, and a past history of docu-
mented SARS-CoV-2 infection (confirmed using RT-PCR or rapid
antigen test) was recorded. Participants who tested positive for the
antibody but had no prior history of documented SARS-CoV-2
infection were classified as having asymptomatic (or mild self-
limited) infection. Clinical and anthropometric measurements
were performed using standard methods, as described in the pre-
vious studies.23,24 HbA1c levels were measured in all participants;
eligible participants without a known history of diabetes under-
went the 75-g oral glucose tolerance test using 83.3-g glucose
monohydrate, and plasma glucose levels were measured at 0 and
120 minutes.

Study Definitions

Diabetes mellitus was defined as per the American Diabetes
Association criteria, that is, fasting plasma glucose level of �7.0
mmol/L (126 mg/dL) and/or 2-hour plasma glucose level of �11.1
mmol/L (200mg/dL) and/or HbA1c level of�6.5% (48mmol/mol).25

Diabetes was diagnosed if any 1 of the 3 criteria was met. Over-
weight and obesity were defined as a body mass index (BMI) of
25 kg/m2 to 29.9 kg/m2 and �30 kg/m2, respectively.26 Hyperten-
sionwas defined as a blood pressure of �140/90 mm Hg and/or the
use of antihypertensive medications.27 Metabolic syndrome was
defined using the International Diabetes Federation criteria, that is,
the presence of central obesity (waist circumference of �80 cm in
females and �90 cm in males) along with any 2 of the following:
elevated levels of triglycerides (�1.7 mmol/L [150 mg/dL]), low
high-density lipoprotein cholesterol levels (<1.29 mmol/L [50 mg/
dL] in females and <1.03 mmol/L [40 mg/dL] in males), elevated
blood pressure (�130/85 mm Hg or receiving treatment for hy-
pertension), and elevated fasting plasma glucose levels (�5.6
mmol/L [100 mg/dL] or receiving treatment for diabetes).28 Details
of biochemical measurements have been provided as supplemen-
tary material (Supplementary Data).
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SARS-CoV-2 IgG Antibody Test

IgG antibodies against S1 and S2 proteins of SARS-CoV-2 were
detected using an indirect chemiluminescence immunoassay
(LIAISON XL autoanalyzer; DiaSorin SpA). The limit of detection for
this assay is 3.8 AU/mL, while themeasurement range extends up to
400 AU/mL. For samples with levels below and above these limits,
values of 3.8 AU/mL and 400 AU/mL, respectively, were entered. For
the purpose of this study, an antibody level of �15 AU/mL was
considered positive and that of <15 AU/mL was considered nega-
tive. The intra-assay and interassay coefficients of variation for the
assay derived from quality control samples were 5.0% and 8.4%,
respectively.

Sample Size Calculation

There were no data on the proposed research questions to
inform the sample size calculation at the time of drafting this study.
Therefore, we proposed a sample size of 600 (150 in group 1, 150 in
group 2, and 300 in group 3) to evaluate the study objectives.

Statistical Analysis

Stata 15.0 (StataCorp) was used for statistical analyses. Data are
presented as number (%), mean ± standard deviation, or median
and interquartile range (q25-q75), as appropriate. For comparison
of qualitative variables between 2 groups, the Pearson c2 test was
used. Normally distributed quantitative variables were compared
using the t test, whereas the Wilcoxon rank sum test was used for
comparing quantitative variables that were not normally distrib-
uted. We used both univariate and multivariable stepwise logistic
regression analyses to determine factors associated with SARS-
CoV-2 seropositivity. For this analysis, the T1DM and T2DM sub-
groups were combined into a single group, that is, diabetes. We
included all predictors (age, sex, employment status, education
status, diabetes, overweight/obesity, hypertension, and metabolic
syndrome) taken in the univariate analysis in the backward step-
wise logistic regression (multivariable) analysis, with an inclusion
criterion of P < .05 and exclusion criterion of P > .25. A separate
analysis was performed to evaluate factors associated with SARS-
CoV-2 seropositivity in the subset of individuals with diabetes.
For this analysis, 2 additional predictors, that is, duration of dia-
betes and HbA1c levels, were included. To evaluate the association
between metabolic parameters (diabetes and overweight/obesity)
and SARS-CoV-2 seropositivity, 4 subgroups were created: (1) no
diabetes and normal BMI (reference group), (2) no diabetes but
overweight/obese (group I), (3) diabetes and normal BMI (group II),
and (4) diabetes and overweight/obese (group III). The results were
expressed as unadjusted and adjusted ORs (95% CIs). For adjusted
analysis, the following covariates that are known to have a bearing
on the outcome were accounted: age and sex (model 1), employ-
ment and education status (model 2), hypertension (model 3), and
all aforementioned covariates combined (model 4). The signifi-
cance level was set at P < .05.

Results

Baseline Characteristics

We evaluated a total of 643 participants (292 males, 45.4%). Of
these, 149 participants (72 males, 48.3%) belonged to the T1DM
group, 160 (64 males, 40.0%) belonged to the T2DM group, and 334
(156 males, 46.7%) belonged to the control group. The mean age at
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the time of evaluation was 37.9 ± 11.5 years. Participants with
T1DMwere younger (32.6 ± 10.6 years vs 35.1 ± 5.3 years, P < .001),
whereas those with T2DM were older (48.8 ± 14.6 years vs 35.1 ±
5.3 years, P < .001) than controls. Participants with T1DM (P¼ .025)
and T2DM (P < .001) were less likely to be educated till or above the
graduation level compared with controls. They were also less likely
to be employed compared with controls (T1DM, P ¼ .121; T2DM,
P < .001) (Table 1).

The median duration of diabetes and mean HbA1c levels were
17 years (range, 12-25 years) and 8.8% ± 1.7% (72.4 ± 18.5 mmol/
mol), respectively, in the T1DM group and 5 years (range, 3-10
years) and 8.4% ± 2.0% (68.8 ± 22.1 mmol/mol), respectively, in the
T2DM group. The mean BMI for study participants was 25.8 ± 4.6
kg/m2, lower in the T1DM group (22.5 ± 3.7 kg/m2 vs 26.3 ± 4.2
kg/m2, P < .001) and higher in the T2DM group (27.9 ± 4.6 kg/m2

vs 26.3 ± 4.2 kg/m2, P < .001) compared with the control group.
Overweight/obesity and central obesity were present in 363
(56.5%) and 457 (71.2%) participants, respectively. Hypertension
was present in 127 participants (19.8%), and 184 participants
(28.6%) had metabolic syndrome (Table 1).
Seroprevalence and Infection Data

A total of 324 participants (50.4% [95% CI, 46.5%-54.3%]) were
seropositive for SARS-CoV-2 IgG. A history of documented infection
was present in 70 participants (10.9% [95% CI, 8.6%-13.6%]). All
participants (n ¼ 70) with a history of documented infection were
seropositive, whereas a total of 254 (78.4%) seropositive individuals
had no history of documented infection, suggestive of asymptom-
atic (or mild self-limited) disease. The median antibody levels in
seropositive individuals (n ¼ 324) was 68.4 AU/mL (range, 34.0-
109.0 AU/mL) (symptomatic, 91.1 AU/mL [range, 45.1-137.0 AU/mL];
asymptomatic, 63.5 AU/mL [range, 31.8-105.0 AU/mL]) (Table 2).

The seropositivity rate was significantly higher in the T1DM
(55.7% [95% CI, 47.3%-63.8%] vs 44.9% [95% CI, 46.5%-54.3%],
P ¼ .028) and T2DM (56.9% [95% CI, 48.8%-64.7%] vs 44.9%
[95% CI, 46.5%-54.3%], P ¼ .013) groups than in the control
group. The antibody levels in seropositive individuals with
T1DM (71.6 AU/mL [range, 31.5-103.0 AU/mL] vs 64.9 AU/mL
[range, 34.8-106.0 AU/mL], P ¼ .893) and T2DM (68.5 AU/mL
[range, 35.0-129.0 AU/mL] vs 64.9 AU/mL [range, 34.8-106.0
AU/mL], P ¼ .153) were not significantly different from sero-
positive controls. The T1DM and T2DM groups did not
significantly differ from the control group in terms of a history
of documented infection (T1DM, 9.6% [95% CI, 5.2%-15.3%] vs
10.5% [95% CI, 7.4%-14.3%]; P ¼ .767; T2DM, 13.1% [95% CI,
8.3%-19.4%] vs 10.5% [95% CI, 7.4%-14.3%]; P ¼ .385) (Table 2).
Factors Associated With SARS-CoV-2 Seropositivity in Study
Participants

On univariate analysis involving all study participants (n¼ 643),
low education status, that is, less than graduation level (OR, 1.49
[95% CI, 1.09-2.03]; P ¼ .013), and the presence of diabetes (OR, 1.58
[95% CI, 1.16-2.16]; P ¼ .004) were associated with an increased risk
of SARS-CoV-2 infection (or seropositivity). Factors such as the
presence of overweight/obesity, age of �50 years, unemployed
status, and the presence of metabolic syndrome also showed an OR
of >1.0; however, the association was not statistically significant.
On multivariable analysis, the following factors showed a signifi-
cant association with SARS-CoV-2 infection: (1) low education
status (OR, 1.41 [95% CI, 1.03-1.94]; P ¼ .035), (2) the presence of
diabetes (OR, 1.68 [95% CI, 1.20-2.34]; P ¼ .002), and (3) the



Table 1
Baseline Characteristics of Study Participants

Variable Total (N ¼ 643) Control (N ¼ 334) T2DM (N ¼ 160) T1DM (N ¼ 149)

Males 292 (45.4) 156 (46.7) 64 (40.0) 72 (48.3)
P value (vs control) … … .160 .743
Age (y) 37.9 ± 11.5 35.1 ± 5.3 48.8 ± 14.6 32.6 ± 10.6
P value (vs control) … … <.001 <.001
Education, graduation level and abovea 361 (56.2) 210 (62.9) 74 (46.3) 77 (52.0)
P value (vs control) … … <.001 .025
Employeda,f 312 (48.6) 188 (56.3) 52 (32.5) 72 (48.7)
P value (vs control) … … <.001 .121
BMI (kg/m2) 25.8 ± 4.6 26.3 ± 4.2 27.9 ± 4.6 22.5 ± 3.7
P value (vs control) … … <.001 <.001
Overweight/obese 363 (56.5) 208 (62.3) 118 (73.8) 37 (24.8)
P value (vs control) … … .012 <.001
WC (cm)b 90.9 ± 12.2 92.4 ± 10.2 97.9 ± 11.6 79.8 ± 9.0
P value (vs control) … … <.001 <.001
Central obesity 457 (71.2) 263 (78.7) 145 (91.2) 49 (32.9)
P value (vs control) … … .001 <0001
SBP (mm Hg)c 122.2 ± 17.8 118.3 ± 14.2 130.7 ± 18.8 122.0 ± 21.2
P value (vs control) … … <.001 .031
DBP (mm Hg)d 78.4 ± 10.5 77.6 ± 9.6 81.7 ± 11.2 76.2 ± 11.0
P value (vs control) … … <.001 .167
Hypertension 127 (19.8) 36 (10.8) 63 (39.4) 28 (18.8)
P value (vs control) … … <.001 .016
Metabolic syndrome 184 (28.6) 74 (22.2) 96 (60.0) 14 (9.4)
P value (vs control) … … <.001 .001
Duration of diabetes (y) 11 (5-19) … 5 (3-10) 17 (12-25)
HbA1c (%)e 6.9 ± 2.1 5.4 ± 0.4 8.4 ± 2.0 8.8 ± 1.7
HbA1c (mmol/mol) 52.3 ± 22.7 35.7 ± 4.3 68.8 ± 22.1 72.4 ± 18.5
HbA1c � 8% or 64 mmol/mol 178 (27.9) … 80 (51.6) 98 (65.8)

Abbreviations: BMI ¼ body mass index; DBP ¼ diastolic blood pressure; HbA1c ¼ hemoglobin A1C; SBP ¼ systolic blood pressure; T1DM ¼ type 1 diabetes mellitus; T2DM ¼
type 2 diabetes mellitus; WC ¼ waist circumference.
Data are expressed as n, %, mean ± SD, or median (q25-q75), as appropriate.

a n ¼ 148 for the T1DM group.
b n ¼ 159 for the T2DM group.
c n ¼ 157 for the T2DM group and n ¼ 119 for the T1DM group.
d n ¼ 158 for the T2DM group and n ¼ 119 for the T1DM group.
e n ¼ 155 for the T2DM group.
f Being employed is defined as a person with a source of income, either self or salaried.

Table 2
Seroprevalence and Infection Data in Study Participants

Variable Total (n ¼ 643) Control (n ¼ 334) T2DM (n ¼ 160) T1DM (n ¼ 149) DM (n ¼ 309)

History of documented
infectiona (%, 95% CI)

70 (10.9%, 8.6%-13.6%) 35 (10.5%, 7.4%-14.3%) 21 (13.1%, 8.3%-19.4%) 14 (9.6%, 5.2%-15.3%) 35 (11.4%, 8.0%-15.4%)

P value (vs control) … … .385 .767 .698
Seroprevalence (%, 95% CI) 324 (50.4%, 46.5%-54.3%) 150 (44.9%, 39.5%-50.4%) 91 (56.9%, 48.8%-64.7%) 83 (55.7%, 47.3%-63.8%) 174 (56.3%, 50.6%-61.9%)
P value (vs control) … … .013 .028 .004
Antibody levels, overall

(AU/mL)
15.5 (3.8-68.5) 8.2 (3.8-52.3) 24.7 (3.8-82.8) 20.5 (4.7-79.3) 21.6 (3.8-79.3)

P value (vs control) … … .049 .017 .008
Antibody levels, seropositive

(AU/mL)
68.4 (34-109) 64.9 (34.8-106) 68.5 (35-129) 71.6 (31.5-103) 70.0 (33.5-112)

P value (vs control) … … .153 .893 .332
Antibody levels, asymptomatic

infection (AU/mL)
63.5 (31.8-105) 57.5 (33.1-104) 65.5 (33-109) 64.1 (29-105) 64.5 (31.4-108)

P value (vs control) … … .553 .965 .734
Antibody levels, symptomatic

infection (AU/mL)
91.1 (45.1-137.0) 78.3 (38.9-132.0) 105.0 (67.3-181.0) 89.8 (45.1-103.0) 96.7 (60.9-170.0)

P value (vs control) … … .055 .791 .141

Abbreviations: DM ¼ diabetes mellitus; T1DM ¼ type 1 diabetes mellitus; T2DM ¼ type 2 diabetes mellitus.
Data are expressed as n, %, or median (q25-q75), as appropriate.

a n ¼ 146 for the T1DM group.
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presence of overweight/obesity (OR, 1.52 [95% CI, 1.10-2.10]; P ¼
.012) (Table 3). The strength of the association between low edu-
cation status and SARS-CoV-2 infection increased further after
excluding diabetes from the analysis (OR, 1.50 [95% CI, 1.10-2.05];
P ¼ .012). Similarly, the association between diabetes and SARS-
CoV-2 infection was stronger after excluding education status
from the analysis (OR, 1.76 [95% CI, 1.26-2.44]; P ¼ .001).
194
Factors Associated With SARS-CoV-2 Seropositivity in the Subset of
Individuals With Diabetes

In the group with diabetes (n ¼ 309), factors such as low edu-
cation status, HbA1c levels (�8% or 64 mmol/mol, the presence of
overweight/obesity, the presence of metabolic syndrome, and the
duration of diabetes (�10 years) showed an OR of >1.0; however,



Table 3
Factors Associated With SARS-CoV-2 Seropositivity in Study Participants

Variable OR (95% CI) P value Multivariable OR (95% CI) P value

Age (�50 y) 1.21 (0.77-1.89) .407 … …

Sex (male) 0.95 (0.69-1.29) .735 … …

Employment status (unemployed) 1.16 (0.85-1.58) .346 … …

Low education status 1.49 (1.09-2.03) .013 1.41 (1.03-1.94) .035
1.50 (1.10-2.05)a .012

Diabetes 1.58 (1.16-2.16) .004 1.68 (1.20-2.34) .002
1.76 (1.26-2.44)b .001

Overweight/obesity 1.36 (0.99-1.86) .055 1.52 (1.10-2.10) .012
Hypertension 0.92 (0.63-1.36) .693 … …

Metabolic syndrome 1.01 (0.72-1.42) .960 … …

Abbreviation: OR ¼ odds ratio.
Reference category includes the following: (1) age of <50 years, (2) female sex, (3) employed, (4) education till graduation level and above, (5) no diabetes, (6) normal body
mass index (<25 kg/m2), (7) normotensive, and (8) no metabolic syndrome.

a After excluding diabetes from the model.
b After excluding education status from the model.
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the association for none of these was statistically significant
(Table 4). On multivariable analysis, the presence of overweight/
obesity showed a significant associationwith SARS-CoV-2 infection
(OR, 1.63 [95% CI, 1.0006-2.66]; P ¼ .050).

Effect of Overweight/Obesity on the Association Between SARS-CoV-
2 Infection and Diabetes

On the evaluation of the association between metabolic pa-
rameters, that is, diabetes and overweight/obesity, and SARS-CoV-2
seropositivity (reference groupdnormal BMI and no diabetes), the
unadjusted OR for SARS-CoV-2 infection in individuals with over-
weight/obesity but no diabetes (group I) was 1.48 (95% CI, 0.95-
2.33; P ¼ .086). The unadjusted ORs increased to 1.70 (95% CI, 1.05-
2.74; P ¼ .030) in individuals with diabetes and normal BMI (group
II) and 2.42 (95% CI, 1.50-3.92; P < .001) in individuals with diabetes
and overweight/obesity (group III). In the fully adjusted model, the
ORs increased from 1.52 (95% CI, 0.96-2.38; P ¼ .072) in the first
group to 1.69 (95% CI, 1.03-2.78; P ¼ .039) in the second group and
2.63 (95% CI, 1.54-4.47; P < .001) in the third group (Table 5).

Discussion

This study evaluated an important research question related to
the susceptibility of SARS-CoV-2 infection among patients with
diabetes. The following critical findings emerge from our work: (1)
the seropositivity (and, therefore, infection, asymptomatic or
symptomatic) rates were higher in participants with T1DM and
T2DM than in controls who were sampled during the same time
period, (2) the humoral immune response to SARS-CoV-2 (S1/S2
IgG antibody levels) was comparable between seropositive partic-
ipants with and without diabetes, and (3) the association between
diabetes and SARS-CoV-2 infectionwas found to further increase in
participants with coexisting overweight/obesity.

The overall seroprevalence in study participants was 50.4%. The
study participants were sampled during the first wave of pandemic
in India, before the commencement of the national COVID-19
vaccination program, thus avoiding the confounding effect of vac-
cine on seropositivity. The national seroprevalence in India was
reported to be 24.1% in a recent serosurvey conducted between
December 2020 and January 2021.29 However, there is a marked
heterogeneity in the seropositivity rates across states of the coun-
try. The state that our study population catered to, that is, Delhi,
reported a seroprevalence of 24.7% as early as October 2020, which
climbed up to 56.1% in the latest serosurvey conducted in January
2021.30,31 Thus, the seroprevalence estimates in our study are
generally in line with that reported in the general population
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during the same time period. Nearly 80% of seropositive partici-
pants had asymptomatic or mild self-limited disease, whereas
another 20% had significant symptoms, warranting a microbiolog-
ical test and medical intervention. These data are also in agreement
with the reported distribution of COVID-19 severity in the general
populationd80% asymptomatic or mild, 15% moderate-to-severe,
and 5% critical disease.32 Thus, although study participants were
recruited from a hospital, they were fairly representative of the
general population of Delhi (in terms of seropositivity rate and
distribution of disease severity among the infected individuals).

Seroprevalence was significantly higher in participants with
T1DM (55.7%) and T2DM (56.9%) than in controls (44.9%) (P ¼ .028
and P ¼ .013, respectively). On multivariable analysis, the presence
of diabetes emerged as a significant factor associated with SARS-
CoV-2 infection. These estimates point toward an increased SARS-
CoV-2 susceptibility for patients with diabetes, in general,
without any differential effect of the diabetes type. The mecha-
nisms for this increased susceptibility could be as follows: (1) de-
fects in innate and adaptive immune system; (2) increased
expression of angiotensin-converting enzyme 2, through which
SARS-CoV-2 mediates entry into human cells; (3) increased viral
replication in hyperglycemic milieu, related to dysregulation of the
immune system and inflammatory response; and (4) decreased
cytotoxic natural killer cell activity.5e10 Among individuals with
diabetes, factors such as age (�50 years), glycemic control (HbA1c
levels of �8% or 64 mmol/mol), and duration of diabetes (�10
years) were not associated with an increased risk of SARS-CoV-2
infection. However, since these associations were studied in a
smaller subgroup (n¼ 309, T1DM plus T2DM), theymainly serve as
preliminary observations that require confirmation in a larger
study.

The humoral immune response against SARS-CoV-2 S1/S2 spike
proteins, measured in terms of antibody levels, was comparable
among seropositive individuals with and without diabetes. These
findings are in agreement with those reported in a study by
Lampasona et al18 from Italy, in which antibody responses in pa-
tients with diabetes (n ¼ 139) and previous hospital admission for
COVID-19 were found to be comparable to their counterparts
without diabetes (n ¼ 370). Another study by the same group
compared SARS-CoV-2eneutralizing antibody response among
patients with (n ¼ 40) and without diabetes (n ¼ 110) and a history
of COVID-19 pneumonia.33 The neutralizing antibody activity
among participants with diabetes was superimposable, in terms of
kinetics and extent, to that of patients without diabetes and
correlated with the humoral immune response against the SARS-
CoV-2 spike protein. These findings suggest that unlike hepatitis
B, immunologic response to SARS-CoV-2 is preserved in patients



Table 4
Factors Associated With SARS-CoV-2 Seropositivity in the Subset of Individuals With Diabetes

Variable OR (95% CI) P value Multivariable OR (95% CI) P value

Age (�50 y) 0.90 (0.55-1.47) .672 … …

Sex (male) 0.92 (0.58-1.45) .715 … …

Employed status (unemployed) 0.83 (0.52-1.32) .433 … …

Low education status 1.51 (0.96-2.38) .073 … …

HbA1c (�8% or 64 mmol/mol) 1.31 (0.83-2.07) .253 … …

Overweight/obesity 1.43 (0.91-2.24) .124 1.63 (1.0006-2.66) .050
Hypertension 0.82 (0.50-1.33) .415 … …

Metabolic syndrome 1.19 (0.74-1.91) .464 … …

Duration of diabetes (�10 y) 1.04 (0.66-1.64) .854 … …

Abbreviations: HbA1c ¼ hemoglobin A1C; OR ¼ odds ratio.
Reference category includes the following: (1) age of <50 years, (2) female sex, (3) employed, (4) education till graduation level and above, (5) HbA1c level of <8% or 64 mmol/
mol, (6) normal body mass index (<25 kg/m2), (7) normotensive, (8) no metabolic syndrome, and (9) duration of diabetes of <10 years.

Table 5
Unadjusted and Adjusted Odds Ratio for the Association of Diabetes and Overweight/Obesity With SARS-CoV-2 Infection

Parameter Seroprevalence Unadjusted OR
(95% CI)

Model 1a adjusted OR
(95% CI)

Model 2b adjusted OR
(95% CI)

Model 3c adjusted OR
(95% CI)

Model 4d adjusted OR
(95% CI)

Normal BMI and no diabetes
(reference)

49/126 (38.9%) Reference Reference Reference Reference Reference

Overweight/obese þ no diabetes 101/208 (48.6%) 1.48 (0.95-2.33) 1.48 (0.95-2.33) 1.48 (0.94-2.32) 1.53 (0.97-2.40) 1.52 (0.96-2.38)
P value … .086 .086 .091 .066 .072
Normal BMI þ diabetes 80/154 (52.0%) 1.70 (1.05-2.74) 1.77 (1.08-2.88) 1.58 (0.97-2.56) 1.80 (1.11-2.92) 1.69 (1.03-2.78)
P value … .030 .023 .065 0.018 0.039
Overweight/obese þ diabetes 94/155 (60.7%) 2.42 (1.50-3.92) 2.59 (1.54-4.37) 2.31 (1.42-3.75) 2.66 (1.61-4.39) 2.63 (1.54-4.47)
P value … <.001 <.001 .001 <0001 <.001

Abbreviations: BMI ¼ body mass index; OR ¼ odds ratio.
a Model 1: adjusted for age and sex.
b Model 2: adjusted for education and occupation.
c Model 3: adjusted for hypertension.
d Model 4: adjusted for covariates in models 1 and 2.
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with diabetes.34 Compared with the existing studies that focused
on patients with moderate-to-severe disease, we included in-
dividuals with asymptomatic or mild disease; thus, our study adds
useful information to the existing literature on the subject of hu-
moral immune response in diabetes.

We found a significant association between the presence of
overweight/obesity and SARS-CoV-2 infection, both in the entire
cohort of study participants and in the subset of individuals with
diabetes. Further, the magnitude of association between SARS-CoV-
2 and diabetes was stronger in individuals with coexistent over-
weight/obesity than in those without. These findings are in
agreement with the existing literature, which suggests that obesity
is associated with an increased risk of respiratory tract infections,
both upper (adjusted OR, 1.55 [95% CI, 1.22-1.96]) and lower
(adjusted OR, 2.02 [95% CI,1.36-3.00]).35 In the context of COVID-19,
obesity is associated with an increased risk of severe disease (OR,
2.09 [95% CI, 1.67-2.62]) and mortality (OR, 1.49 [95% CI, 1.20-1.85])
[36].36 The possible factors accounting for increased susceptibility
and disease severity in obesity include the following: (1) immune
dysregulation and chronic inflammation; (2) respiratory compro-
mise and impaired pulmonary perfusion due to excess body fat;
and (3) the presence of other comorbidities such as diabetes, hy-
pertension, and cardiovascular disease.37,38

Apart from diabetes and overweight/obesity, low education
level was associated with an increased risk of SARS-CoV-2 infec-
tion. Previous studies have shown differences in risk perception,
knowledge, attitude, and protective behavior for COVID-19 ac-
cording to education level, with lesser scores among thosewith low
education level.39,40 Further, a recent study from Peru highlighted
an association between low education level and COVID-19 mor-
tality, which was present across all age groups (<50 years, 50-70
years, and >70 years).41 Social and economic inequality and the
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presence of adverse health behaviors were cited as the major rea-
sons for this association. Our study findings further advance this
proposition. Not only does low education status impact COVID-19
outcomes but it also increases susceptibility for acquiring the
infection, especially in association with other factors such as dia-
betes and elevated BMI. Adverse behavioral and socioeconomic
factors associated with low education status that promote a risk-
taking attitude may account for this observation.

The major strengths of our study are its novelty and a large
sample size. We included participants with both major types of
diabetes, T1DM and T2DM, to evaluate any differential effect of
diabetes type on disease susceptibility. In the study control group,
diabetes was excluded using a combination of tests, that is, oral
glucose tolerance test and HbA1c level measurements, and not
based on history alone. A majority of participants had mild or
asymptomatic infection, a disease pattern that corresponds to the
one reported in the general population.Wemeasured covariates for
all participants and accounted for them in the adjusted analysis. We
acknowledge certain limitations. Since the study participants were
recruited from a tertiary care hospital, they may be different from
the general population in certain aspects; this may limit the
generalizability of our study findings. A proportion of participants
in the control group had prior gestational diabetes. These women
were exposed to hyperglycemia in the past and remain at high risk
of future diabetes; however, they did not meet the criteria for
diabetes in the present assessment. Rapid decay of antibody
response and lower seroprevalence rates have been reported in
patients with mild/asymptomatic infection.42,43 The seropreva-
lence data reported in our study could, therefore, be an underes-
timate. However, since the proportion of participants with mild/
asymptomatic disease was comparable between cases and controls,
there are no implications for the principal findings of the study. Our
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study suggests an association between diabetes and the risk of
acquiring SARS-CoV-2 infection; however, due to its cross-sectional
design, we cannot comment on causality. Future studies should
evaluate the mechanisms for this association and inform strategies
to mitigate the increased risk.

Conclusions

SARS-CoV-2 seropositivity, assessed before the onset of the
national vaccination program and, therefore, the prevalence of
infection, either asymptomatic or symptomatic, was significantly
higher in participants with T1DM and T2DM than in healthy con-
trols. Diabetes was associated with an increased risk of SARS-CoV-2
infection, and the magnitude of association further increased in
participants with coexisting overweight/obesity. The antibody
response did not differ between seropositive participants with and
without diabetes. These findings point toward an increased SARS-
CoV-2 susceptibility for patients with diabetes, in general,
without any differential effect of the diabetes type.
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