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Abstract Background and aims: To analyze lifestyle habits and weight evolution during the
COVID-19 pandemic-associated lockdown, in diabetes and overweight/obesity patients (body
mass index (BMI) [25e29.9] and �30 kg/m2, respectively).
Methods and results: We collected information on participants’ characteristics and behavior
regarding lifestyle before and during the lockdown, through the CoviDIAB web application, which
is available freely for people with diabetes in France. We stratified the cohort according to BMI
(�25 kg/m2 vs < 25 kg/m2) and examined the determinants of weight loss (WL), WL > 1 kg vs
no-WL) in participants with a BMI �25 kg/m2, in both univariate and multivariate analyses.

Of the 5280 participants (mean age, 52.5 years; men, 49%; diabetes, 100% by design), 69.5%
were overweight or obese (mean BMI, 28.6 kg/m2 (6.1)). During the lockdown, patients often quit
or decreased smoking; overweight/obese participants increased alcohol consumption less
frequently as compared with normal BMI patients. In addition, overweight/obese patients were
more likely to improve other healthy behaviors on a larger scale than patients with normal
BMI: increased intake of fruits and vegetables, reduction of snacks intake, and reduction of total
dietary intake. WL was observed in 18.9% of people with a BMI �25 kg/m2, whereas 28.6% of them
gained weight. Lifestyle favorable changes characterized patients with WL.
Conclusions: A significant proportion of overweight/obese patients with diabetes seized the op-
portunity of lockdown to improve their lifestyle and to lose weight. Identifying those people
may help clinicians to personalize practical advice in the case of a recurrent lockdown.
ª 2021 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian
Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II Uni-
versity. Published by Elsevier B.V. All rights reserved.
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Introduction

obese patients according to weight changes: weight loss
Because of the COVID-19 pandemic, a generalized lockdown
was announced in France in March 2020. People with dia-
betes and obesity were identified as at the risk of severe
forms of diseases and were instructed to stay at home for 10
weeks [1e6]. Patients were understandably anxious and
contacted clinicians for advice. To provide support and
updated information, the Federation of Diabetology in Paris
(AP-HP) opened a web application, www.CoviDIAB.fr, a
specialized social medium available freely nationwide upon
registration. This interactive service included live sessions
with experts, quizzes related to COVID-19 symptoms for
appropriate referral, or more extensive questionnaires on
diabetes and lifestyle. Approximately 14,800 patients were
quickly enrolled after communication through mainstream
media (television, print, radio, and internet).

The consequences of the combined pandemic and
lockdown on lifestyle habits, weight, and metabolic health
are a cause for concern, especially in people with comor-
bidities such as overweight/obesity and diabetes [7]. Social
isolation is associated with increased food consumption,
snacking, and weight gain [8]. Such impact on lifestyle
may eventually lead to an increase in cardiometabolic risk.
However, many people had more available time during the
lockdown to prepare and organize meals and to exercise.
Hence, many patients also took advantage of this period to
improve their lifestyles.

We wondered how the lockdown affected weight,
feeding behavior, smoking, alcohol consumption, and
physical activity in people with overweight/obesity and
diabetes, and whether it differs according to baseline body
mass index (BMI). To address this, we analyzed data
assessing the lifestyle and weight evolution during the
lockdown from questionnaires sent to the French CoviDIAB
cohort, in accordance with BMI categories.
Methods

We performed a nationwide online survey using an elec-
tronic questionnaire administrated through the CoviDIAB
web application to the whole French CoviDIAB cohort. The
questionnaire analyzed here was submitted to the partic-
ipants after March 17, 2020e38 days after the beginning of
the lockdown in France (April 23, 2020, with a reply before
April 28, 2020). Information on participants’ characteris-
tics and lifestyle behavior before and during lockdownwas
collected. The questionnaire was divided into three parts:
(1) weight evolution, (2) feeding behavior, diet quality,
smoking habits, and alcohol consumption before and
during the lockdown, and (3) physical activity pre- and
post-lockdown. We stratified the cohort according to BMI
categories (�25 kg/m2 vs < 25 kg/m2), and in supple-
mentary analyses (1) according to 2 categories of abnor-
mally high BMI (BMI 25e30 vs BMI > 30 kg/m2) and (2)
according to the subtype of diabetes (type 1 vs type 2). We
examined determinants of weight loss in overweight and
obese patients (BMI � 25 kg/m2). For this analysis, the
population was divided into two subgroups of overweight/

(WL, > 1 kg), and no-WL (i.e., stable (�1 kg to þ1 kg
weight change) or weight gain (>1 kg). Multivariate
analysis (logistic regression) was carried out to identify
independent factors associated with WL (>1 kg) vs no-WL.
All variables associated with weight loss and a p < 0.15
were included in the adjustment model in the univariate
analysis. Registered participants to CoviDIAB gave consent
for anonymized data analysis in accordance with the Eu-
ropean General Data Protection Regulation. The study was
declared to and authorized by the French data protection
committee (Commission Nationale Informatique et Lib-
erté, CNIL, authorization n� 2218292v0) and was approved
by the institutional review board (authorization number
IRB 00006477) from the local scientific and ethical com-
mittee (CEERB Paris Nord). All participants included in this
study were informed about the use of their data for
research and none objected to the reuse of their data.

The continuous variables are expressed as mean (SD)
and comparisons between groups were performed using
ANOVA. P-value < 0.05 were considered as significant. All
data were analyzed using R software, version 3.6.3 (R
Project for Statistical Computing).

Results

Information was available for >90% of the items for 5280
patients who responded to the questionnaires, of whom
34.2% were overweight and 35.3% were obese. The cohort
included 2677 women (50.7%) and 2587 men, respectively.
The mean BMI was 28.6 (6.1) kg/m2 and the mean age was
53.5 years (13.6). Clinical characteristics at baseline and
changes according to baseline BMI categories during
lockdown are presented in Table 1 and Table 2, respec-
tively. Weight changes, i.e, weight gain or WL, were more
frequent in overweight and obese participants (47.5%) vs
participants with a normal BMI (35.7%), p < 0.001. WL was
observed in 18.9% of overweight and obese participants vs
12.8% of those with a normal BMI. Moreover, overweight/
obese patients and those with a normal BMI often quit
(among smokers at baseline, 13.7% and 13.0%, respectively)
or decreased (19% in both groups) smoking, whereas
overweight/obese patients increased alcohol consumption
less frequently than patients with BMI < 25 (7.6% vs 12.5%,
p < 0.001). In addition, overweight/obese patients were
more likely to improve other healthy behaviors on a larger
scale than patients with a normal BMI: increase in con-
sumption of fruits and vegetables, reduction of snacks
intake, and reduction of total dietary intake. When the two
subpopulations of overweight and obese participants were
considered, similar patterns of changes in body weight and
lifestyle habits during lockdown were observed; suggest-
ing that in patients with diabetes and supranormal BMI,
BMI levels did not impact the changes in lifestyle and body
weight associated with the lockdown (Table S2).

Changes in body weight and lifestyle were also exam-
ined according to the type of diabetes (Table S3). As ex-
pected, BMI was higher in patients with type 2 diabetes as

http://www.CoviDIAB.fr


Table 1 Clinical characteristics at baseline.

Normal BMI <25 Overweight (BMI: 25e29.9)
and obesity (BMI�30)

Missing data (n) p

n 1610 3670
Sex (%) 16 <0.001
Women (n, %) 926 (57.5) 1751 (47.7)
Men (n, %) 682 (42.4) 1905 (51.9)
Age (mean (sd)) 50.1 (15.2) 55.1 (12.5) <0.001
BMI (mean (sd)) 22.37 (1.86) 31.28 (5.28) <0.001
Current smoking (n, %) 44 <0.001
No 1219 (75.7) 3092 (84.3)
Yes 380 (23.6) 545 (14.9)

Fruit consumption; portion/d (n, %) 16 0,271
< 1 331 (20.6) 682 (18.6)
1 472 (29.3) 1062 (28.9)
2 544 (33.8) 1337 (36.4)
3 199 (12.4) 420 (11.4)
> 3 60 (3.7) 157 (4.3)

Vegetable consumption; portion/d (n, %) 27 <0.001
< 1 185 (11.5) 489 (13.3)
1 529 (32.9) 1406 (38.3)
2 to 3 784 (48.7) 1617 (44.1)
> 3 103 (6.4) 140 (3.8)

Snacking (n, %) 31 <0.001
Never 898 (55.8) 1601 (43.6)
Rarely 62 (3.9) 231 (6.3)
Frequentely 647 (40.2) 1810 (49.3)

Alcohol consumption b; Glasses/d (n, %) 116 <0,001
� 1 1144 (73.1) 2760 (76.7)
1e2 340 (21.7) 621 (17.3)
2e3 51 (3.3) 112 (3.1)
> 3 31 (2.0) 105 (2.9)

Physical activitya (n, %) 1 <0.001
0 109 (6.8) 369 (10.1)
1 188 (11.7) 595 (16.2)
2 304 (18.9) 947 (25.8)
3 533 (33.1) 1138 (31.0)
4 351 (21.8) 475 (12.9)
5 125 (7.8) 145 (4.0)
a Assessed with an analogic scale.
b The relatively high number of missing data for alcohol consumption is certainly because of the misunderstanding of some abstinent subjects

who did not answer the question.
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compared to type 1 patients (32.0 (5.5) vs 29.2 (3.9);
p < 0.001). In addition, patients with type 2 diabetes were
more likely to lose weight and to improve diet habits
(excepted the change in vegetable consumption) as
compared to patients with type 1 diabetes. Conversely,
patients with type 1 diabetes more frequently increased
physical activity compared to those with type 2 diabetes.

Determinants of WL during the lockdown in patients
with a BMI �25 kg/m2 were further examined in univari-
ate, and then in multivariate analysis. The comparison
between subgroups, WL vs no-WL is presented in Table 3.
In univariate analysis, as compared to patients who sta-
bilized or gained weight, those who lost weight were
characterized by a higher likeliness of reducing their total
dietary intake, snack intake, and alcohol consumption,
along with a higher likeliness of increased physical activity
(endurance or resistance exercise). Patients who lost
weight were significantly more prone to increased or
decreased fruit and vegetable consumption as compared to
patients who stabilized or gained weight. In addition, pa-
tients who lost weight tended to quit smoking more
frequently (21% among smokers at baseline vs 11.3%
among smokers at baseline in the subpopulation of pa-
tients with weight gain or stable weight p < 0.01).
Compared to weight losers, weight gainers had mirroring
lifestyle changes, i.e., they deteriorated their lifestyle
habits (data not given). In multivariate analysis (Table 4),
reduced dietary intake, reduced snacking, reduced alcohol
consumption, cessation of smoking, and the increase in
endurance activities were independently associated with
the likeliness of losing weight.
Discussion

The present study supports that lockdown may affect
weight change and lifestyle habits in patients with dia-
betes, particularly in people with a high BMI. During the
stressful period of lockdown, overweight/obese patients
did deteriorate their lifestyle in a higher proportion than
people with a normal BMI. But at the same time, other
overweight/obese patients improved their lifestyle, and



Table 2 Body weight evolution and change in lifestyle habits during lockdown in patients with normal BMI vs overweight and obesity.

Changes Normal BMI <25 Overweight (BMI: 25e29.9)
and obesity (BMI�30)

Missing Data (n) p

n 1610 3670
Weight change (n, %) 48 <0.001
Decrease 206 (12.8) 695 (18.9)
Stability 1027 (63.8) 1885 (51.4)
Increase 368 (22.9) 1051 (28.6)

Dietary intake (n, %) 68 <0.001
Decrease 318 (20.0) 1023 (28.3)
Stability 1027 (64.5) 1972 (54.5)
Increase 248 (15.6) 624 (17.2)

Snacking (n, %) 124 <0.001
Decrease 225 (14.3) 702 (19.6)
Stability 1043 (66.5) 2129 (59.4)
Increase 301 (19.2) 756 (21.1)

Physical activity (n, %) 60 0.007
Decrease 809 (50.9) 1752 (48.3)
Stability 433 (27.2) 1145 (31.5)
Increase 348 (21.9) 733 (20.2)

Introduction of endurance activities (n, %) 50 0.002
No 1013 (62.9) 2489 (67.8)
Yes 583 (36.2) 1145 (31.2)

Introduction of resistance activities (n, %) 164 <0.001
No 1103 (68.5) 3008 (82.0)
Yes 451 (28.0) 554 (15.1)

Smoking (n, %) 20 <0.001
Cessation 52 (3.2) 71 (1.9)
Decrease 71 (4.4) 106 (2.9)
Stability 1393 (87.0) 3367 (92.0)
Increase 86 (5.4) 114 (3.1)

Fruit consumption (n, %) 53 0.092
Decrease 245 (15.4) 629 (17.3)
Stability 1124 (70.4) 2449 (67.4)
Increase 227 (14.2) 553 (15.2)

Vegetable consumption (n, %) 47 0.01
Decrease 189 (11.8) 521 (14.3)
Stability 1179 (73.7) 2533 (69.7)
Increase 232 (14.5) 579 (15.9)

Alcohol consumptiona (n, %) 493a <0.001
Decrease 173 (11.7) 384 (11.6)
Stability 1124 (75.8) 2671 (80.8)
Increase 185 (12.5) 250 (7.6)
a The relatively high number of missing data for alcohol consumption is certainly because of the misunderstanding of some abstinent subjects

who did not answer the question.
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they did so in a higher proportion than people with a
normal BMI. In other words, overweight/obese patients
were less stable, but not systematically in the wrong di-
rection. Weight changes were also more prevalent in pa-
tients with a BMI �25 kg/m2 vs patients with a BMI <25,
but unexpectedly, the lockdown was beneficial in an
important proportion of overweight/obese patients.
Moreover, one out of five patients with a high BMI �25 kg/
m2 lost weight, while 29% gained weight during the same
period. Weight loss was associated with lifestyle changes
consistent with the usual recommendations: reduction in
total food intake and alcoholic beverages, and increased
physical activity. The main lesson is that overweight/obese
patients are not prone to gain weight when external
conditions theoretically complicate their efforts to eat well
and exercise more. They can also seize the opportunity to
improve their health. Patients who lost weight adopted
healthier lifestyle habits. In a recent synthesis, Mattioli
et al. [9] pointed out that although quarantine and isola-
tion are effective measures to reduce and prevent the
pandemic, these conditions can induce depression, anxi-
ety, anger, and stress that lead people to eat sugar-rich
food and drink alcohol to feel better. Our study proves
that these negative effects of a lockdown do occur, but are
not systematic, particularly in a population with diabetes
and overweight/obesity. While the association between
weight loss and changes in food intake, alcohol con-
sumption, and physical activity was expected, the obser-
vation of a higher prevalence of smoking cessation in
patients who lost weight was not expected.

However, this finding is consistent with the results of a
recent study which shows that obese persons who quit
smoking were more than seven times more likely to lose
weight than normal-weight quitters [10]. Presumably,



Table 3 Change in lifestyle habits during the lockdown in patients who lost weight vs patients with stable or increased body weight (i.e., no
weight loss) in the subpopulation of patients with overweight or obesity (BMI � 25 kg/m2) at baseline. Missing data among the population for
which weight change was available is indicated.

Changes Weight loss (n Z 695) Weight gain or
stable weight (n Z 2918)

Missing
Data (N)

p

Dietary intake (n, %) 43 <0.001
Decrease 459 (66.6) 554 (19.2)
Stability 208 (30.2) 1735 (60.2)
Increase 22 (3.2) 592 (20.5)

Snacking (n, %) 79 <0.001
Decrease 254 (37.1) 440 (15.4)
Stability 376 (55.0) 1721 (60.4)
Increase 54 (7.9) 689 (24.2)

Physical activity (n, %) 48 <0.001
Decrease 262 (38.1) 1457 (50.6)
Stability 191 (27.8) 937 (32.6)
Increase 235 (34.2) 483 (16.8)

Introduction of endurance activities (n, %) 91 <0.001
No 382 (55.0) 2070 (70.9)
Yes 307 (44.2) 822 (28.2)

Introduction of resistance activities (n, %) 100 <0.001
No 533 (76.7) 2432 (83.3)
Yes 147 (21.2) 401 (13.7)

Smoking (n, %) 12 0.12
Cessation 21 (3.0) 50 (1.7)
Decrease 21 (3.0) 84 (2.9)
Stability 630 (91.0) 2684 (92.3)
Increase 20 (2.9) 91 (3.1)

Fruit consumption (n, %) 38 <0.001
Decrease 144 (21.0) 474 (16.4)
Stability 417 (60.9) 1997 (69.1)
Increase 124 (18.1) 419 (14.5)

Vegetable consumption (n, %) 34 <0.001
Decrease 138 (19.9) 375 (13.0)
Stability 416 (60.1) 2079 (72.0)
Increase 138 (19.9) 433 (15.0)

Alcohol consumption (n, %) 352 <0.001
Decrease 133 (21.1) 245 (9.3)
Stability 472 (75) 2165 (82.3)
Increase 24 (3.8) 222 (8.4)

Table 4 Multivariate analysis (weight loss > 1 kg as a dependent
variable) in the subpopulation of patients with overweight or
obesity (BMI � 25 kg/m2) at baseline.

OR 95%CI p

Snacking
Reduction 1.65 1.30 2.08 <0.001
Increase 0.68 0.47 0.99 0.04

Dietary intake
Reduction 5.34 4.27 6.67 <0.001
Increase 0.32 0.19 0.55 <0.001

Smoking
Cessation 2.16 1.15 4.08 0.02
Reduction 0.75 0.42 1.34 0.33
Increase 1.32 0.71 2.45 0.39

Alcohol consumption
Reduction 1.68 1.28 2.22 <0.001
Increase 0.60 0.37 0.99 0.05

Introduction of endurance activities 1.59 1.27 1.99 <0.001
Introduction of resistance activities 1.01 0.76 1.34 0.94
Fruits consumption
Reduction 0.82 0.61 1.11 0.21
Increase 1.44 1.06 1.94 0.02

Vegetable consumption
Reduction 1.27 0.92 1.75 0.15
Increase 1.15 0.86 1.55 0.34
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obese patients who decided to quit smoking during the
lockdown were also very determined not to gain extra
weight after quitting.

Several studies [11e18] have been published on both
body weight and/or lifestyle changes during lockdown or
semi-lockdown, but none have reported both body
weight and lifestyle changes in the vulnerable over-
weight/obese population with diabetes. For instance, in a
small study performed in China [18,19], a subpopulation
with a BMI > 24 (n Z 101) was characterized by weight
gain in men and weight reduction in women. However,
the proportion of patients who lost weight or gained
weight was not described. Another study from Poland
found that in 1097 participants (29% of whom were
overweight/obese), 43% and 52% reported eating and
snacking more, respectively [20]. No data on the fre-
quency of participants who improved their lifestyle was
available in this study. Our population includes only pa-
tients with a history of diabetes (60% type 2 diabetes).
Although weight gain is not systematically deleterious in
participants with normal BMI or with high BMI without
any comorbidity, it is an undesirable evolution in patients
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with diabetes, especially type 2 diabetes, as hyperglyce-
mia and other associated cardiometabolic risk factors are
strongly impacted by weight variations. The good rate of
questionnaire response and the good gender balance,
which are both quite unusual in the lifestyle area (espe-
cially women are more likely to respond to such ques-
tionnaires) may be explained as follows: (1) because our
survey was carried out as an appendix to a program of
assistance to diabetic patients in which they were
enrolled voluntarily, and (2) because this survey was
carried out during a period of lockdown where patients
are possibly more available.

Our study has some limitations. First, this study
included only subjects with a smartphone and/or a com-
puter connection. Thus, we cannot generalize our result to
a nonconnected population, which may be enriched in
patients with a lower socioeconomic status. In addition,
the self-reported nature of the questionnaire led to
obvious biases. However, the collection of only more
objective data from patients at our center would have
drastically limited the recruitment and would have intro-
duced a selection bias. Additionally, data are lacking to
assess changes in anxiety and sleep quality as these factors
may affect eating habits. One of the inclusion criteria in
CoviDIAB was a history of diabetes; thus, the results of this
study cannot be generalized to overweight/obese people in
general. The strengths of this study include a large number
of participants, far more than that reported in any other
studies on this subject; and the recruitment being at the
national level e the study not being limited to patients
followed up in expert centers.

In conclusion, our study reveals that the lockdown was
associated with a risk of deleterious lifestyle changes and
weight gain in vulnerable overweight/obese patients with
type 2 diabetes. However, we have also shown that a sig-
nificant proportion of overweight/obese patients with type
2 diabetes can take advantage of a lockdown to lose weight
and improve their lifestyle. From a practical standpoint,
identifying patients who improved, or conversely, deteri-
orated their lifestyle during the lockdown can help health
care providers personalize practical advice in the event of
a recurring lockdown.
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