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a b s t r a c t

Lockdown due to the Coronavirus disease 2019 (COVID 19) pandemic may cause weight gain and
enhance the risk of type 2 diabetes mellitus (T2DM). We aimed to determine this risk in apparently non-
diabetic individuals.
Material methods: Baseline demographic and clinical data from 100 apparently non-diabetic household
members (related or unrelated) of patients with type 2 diabetes mellitus were collected until 49 days of
lockdown and analyzed using the XL-STAT statistical software. A two-pronged analytical strategy was
employed. First, the metabolic risk profile related to age, sex, weight, family history, and exercise pattern
was analyzed. This was followed by an assessment of the risk of developing type 2 diabetes using an
established risk assessment engine.
Results: There was a trend towards weight gain seen in 40% of the cohort, with 16% of the population
experiencing a 2.1e5 kg weight increment. When all the risk parameters were analyzed together using
the ADA risk engine, there was an increase in the ADA diabetes risk score in 7% of the population, with
6.66% in the high-risk group. There was a further increase in weight among 3% of the population who
were already obese at baseline.
Conclusion: We show an increased risk of T2MD consequent to weight gain during 49 days of lockdown
in India.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

A lockdown implemented for the COVID-19 (Coronavirus dis-
ease 2019) pandemic caused by SARS-CoV-2 (severe acute respi-
ratory syndrome coronavirus 2) [1,2] may have slowed the
progression of the disease but has caused restriction of movement,
resulting in decreased exercise and also dietary indiscretion in
patients with type 2 diabetes [3,4]. We have previously reported
the impact of this lockdown on worsening of glycated hemoglobin
(HBA1c) and the associated complications in type 2 diabetes mel-
litus(T2DM) [5], probably due to the restriction of movement,
limited exercise, improper diet, and psychological stress [6]. Lack of
sal).
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exercise and improper diet caused by poor availability of healthy
foodmay lead to significant weight gain. It is important to note that
patients with COVID 19 and obesity are associated with worse in-
hospital outcomes. Both mortality rates and the requirement for
mechanical ventilation are increased in the presence of obesity in
patients diagnosed with COVID-19 [7,8].

While we have generated data on patients with type 2 diabetes,
there is a paucity of data in an apparently non-diabetic population.
There are indications of unhealthy weight gain, especially in chil-
dren because of imposed restrictions, akin to weight gain seen
during summer recess [9].It is important to gather such data in
non-diabetic adults to assess their risk of developing T2DM and
other co-morbidities associated with it. This is especially important
for Asian Indians where the rate of conversion to T2DM from the
prediabetes state is higher than whites [10]. Such increment in the
number of patients with diabetes in India would be catastrophic
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because of further addition to a large pool of patients.
This analysis was therefore undertaken to estimate the risk of

diabetes due to lockdown.

2. Materials and methods

Baseline demographic and clinical examination parameters
were collected online from 100 household members of T2D pa-
tients registered in tertiary care diabetes centre between 42 and 49
days during lockdown. Telephonic interviews were conducted by a
trained diabetes educator on a pre-designed questionnaire from
people in a household of a known patient with T2DM under our
follow up. The total interview time was 3e5 min. No individual
refused this interview when approached. Importantly, none of the
individuals had any documented history of T2D.

Data prior to lockdown and 49 days post-lockdown were
collected in a file in comma separated values (CSV) format. A two-
prong analytical strategy was undertaken. The first phase involved
performing a simple demographic analysis looking into individual
risk parameters. The second phase involved analyzing the impact of
lockdown on weight as well as on the risk of developing T2D. The
risk of developing diabetes was based on the validated American
Diabetes Association risk score(Table 1). The components of the risk
score were age, sex, history of gestational diabetes or any first de-
gree relative with diabetes, self-reported hypertension, self-
reported physical activity, and BMI. Each of these variables was
identified using a value (score). A combined score �5 is considered
a significant risk for T2D and should undergo screening for the
same. Analysis was performed using the XL-STAT statistical soft-
ware (Windows 10, 64 bits, USA).

3. Results

Data from the hundred healthy individuals were analyzed in a
sequential fashion. This was a single-centre data collection
electronically.

3.1. Core analysis - weight and diabetes risk score

There was a 0.1kg-5.0 kg increase inweight in 40% of individuals
(Fig. 1). In 16% of the recruited population, weight gain was in the
range of 2.1e5.0 kg. Weight remained unchanged in 41% of the
population, and there was a varying degree of weight loss in 19% of
individuals (Fig. 1). The risk score for diabetes was calculated using
BMI. In 7% of the population, the diabetes risk score increased from
Table 1
American Diabetes Association diabetes risk calculator with scores [11].

Attributes Score

Age (Years) <40 0
40e49 1
50e59 2
�60 3

Gender Female 0
Male 1

First degree relative with diabetes No 0
Yes 1

Hypertension No 0
Yes 1

Physically active No 0
Yes �1

BMI (kg/m2) <25 0
25e30 1
30e40 2
�40 3

Score �5 is an indication for diabetes screening.
baseline, while in 90% it remained unchanged (Fig. 2). In 3% of the
population, the risk score decreased. The chance of crossing the
total score of 5 and hence a higher risk of developing T2Dwas 6.66%
(Table 2).

3.2. Risk-based demographics

The individuals recruited for this analysis were predominantly
young (59% were below 40 years of age) and of the female gender
(58%) (Fig. 2). Males were at a higher risk for T2DM than females.
Individuals below the age of 40 years had no risk. But age above 40
years was associated with an increased risk of T2DM per decade.
Individuals who were at or above 60 years of age, comprising 9% of
the population, were at the highest risk (designated with a risk
score of 3). A history of T2D in first-degree relatives was present in
61% of the population, also considered at risk (score of 1) in com-
parison to those who did not (Fig. 2). Only 38% of the individuals
exercised for at least 3 days aweek, with 62% in this group at risk of
developing T2D (score of 1). 60% of this group was obese at base-
line. During 49 days of lockdown, 40% of the cohort gained weight,
with 16% gaining between 2.0 and 5.0 kg inweight. At baseline, 18%
of individuals had a BMI greater than 30 kg/m2. After 49 days of
lockdown, 21% of individuals had a BMI greater than 30 kg/m2,
indicating a 3% increase (Fig. 2).

4. Discussion

4.1. What we already know about weight gain and its metabolic
impact

In this study, we show an increased risk for the development of
T2DM in apparently non-diabetic individuals, predominantly
ascribed to weight gain during the COVID19 pandemic. Weight gain
hold paramount importance in any individual, but more so in the
current era. First, it increases the risk of T2DM, hypertension, and
dyslipidemia. Furthermore, it increases the mortality risk from
COVID19. Previously, there has been no research focusing on the
enhanced risk of diabetes during lockdown. This is particularly
important for India because Asian Indians have a heightened pro-
pensity to develop T2DM [12].

We have adequate data implicating weight gain as a significant
factor for the development of metabolic disorders. Weight gain in
the background of obesity results in the expansion of visceral fat
resulting in activation of inflammatory response in adipocytes [13].
There is also an inverse relationship between body mass index and
brown adipose tissue (BAT). An increase in BMI from baseline re-
sults in a decrease in BAT and a consequent increase in white adi-
pose tissues (WAT) responsible for worsening of insulin resistance
and its associated metabolic complications. In another study, our
group showed a marked decrease in physical activity and increased
intake of carbohydrates and snacking, all reasons that could add to
weight gain and destabilize metabolism [14]. Further, Ford et al.
[15] documented that a 5 kg weight gain from baseline could result
in a 27% increased risk of developing T2D. In addition, gaining
weight on the background of preexisting obesity could increase the
risk of T2DM by a further 26.2%, indicating that the risk of T2D
increases continuously per every kilogram of weight gained [15].
The adverse impact of weight gain in this study was documented in
8545 US adults followed up for a period of 10 years. In addition,
there is robust evidence illustrating weight loss as an effective
means of preventing T2DM from a pre-diabetic stage. Collectively,
this information accentuates the need to aggressively pursue
weight control to prevent T2D [16].

As stated previously, our analysis was the first in India and
globally to document the impact of externally imposed restrictive



Fig. 1. Weight and BMI changes pre- and post-lockdown. BMI: Body mass index.

Fig. 2. Baseline demographics of household members of T2D patients included for analysis showing percentage of risk factors for T2DM. Numbers 0,1,2, and 3 indicate cores for the
individual attributes (see Table 1).

Table 2
Summary of weight and diabetes risk score data (pre- and post-lockdown). BMI: Body mass index, ADA: American Diabetes Association.

Attributes Baseline Change post-lockdown(count) Change post-lockdown (%)

Weight gain (0.1e5.0 kg) 40 40
Weight gain (2.1e5.0 kg) 16 16
BMI (<25 kg/m2) 40 39 �1
BMI (25e30 kg/m2) 42 40 �2
BMI (30-<40 kg/m2) 18 21 3
Any increase in ADA risk score 7 7
ADA risk score �5 15 16 6.66
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lifestyle on weight and the effects of weight gain on the risk of
developing T2D. Our findings indicate an immediate need to address
this important aspect of diabetes risk, as an additional 6.66% increase
in high-risk diabetes score could add substantially to patients with
T2DM and increase the burden of complications, spelling disastrous
consequences to the health and beleaguered economy of nation [17].
In addition, we can also expect an increase in other weight gain-
related morbidities, hypertension, dyslipidemia, and cardiovascular
disease further exacerbating the epidemic of non-communicable
diseases in India. For the present cohort, since these individuals
were relatives of T2D patients registered in the recruiting clinic,
based on their risk profile, blood glucosemonitoring and assessment
for T2D can be done in a phase-wise manner later.
4.2. Strengths of the study

In the absence of any evidence on the hypothesis being inves-
tigated, and the difficulty in collecting data in the current scenario,
this is the first and the best available data. In addition, the baseline
age and gender distribution in this cohort matches the de-
mographics of our country, and thereby, some degree of general-
ization of the findings could be permitted. Finally, and most
importantly, since the Indian diabetes risk score required mea-
surement of waist circumference, which was not possible to
conduct due to technical difficulties, the BMI cutoff was measured.
This was higher than the Indian criteria, suggesting that our esti-
mates are underestimated rather than overestimation of the
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scenario. This should be acceptable as a limitation because the risk
of overestimation is a major challenge when analyzing smaller
populations.

4.3. Limitations of the study

This was a single centre study and conducted in a tertiary
centre; hence, its reproducibility should not be automatically
assumed without larger, multi-centric studies. Moreover, diabetes
risk assessment identifies those at-risk, not necessarily those with
diabetes, and hence it should not be assumed that there was an
increment in T2D prevalence. To provide conclusive evidence on
this, risk assessment should be followed by blood glucose mea-
surement; this was not done in our study. In addition, only a very
small number of patients were studied, and this could have skewed
the data. Finally, an Indian diabetes risk score would have been
more appropriate instead of the ADA criteria, due to the difference
in criteria for defining obesity based on BMI.

5. Conclusion

Weight gain is a very important determinant as far as the
development or worsening of metabolic disorders are concerned.
The lockdown implemented after the SARS-CoV-2 pandemic may
negatively impact weight and predispose individuals to risk of
metabolic decompensation. This analysis was the first to document
weight gain over a period of 49 days post lockdown along with a
tendency towards increased risk of developing type 2 diabetes.
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