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Abstract

Purpose Little is known about the consequences of COVID-19 lockdowns on physical activity (PA), eating behavior, and
mental health in post-bariatric surgery (BS) patients. We aimed to analyze the relations between changes in PA during
COVID-19 lockdowns and changes in body weight and a comprehensive set of lifestyle and psychological outcomes in
patients who have undergone BS.

Material and Methods In April-May 2020 (lockdown#1), we performed an online survey in a cohort of 937 adults who
underwent BS and were followed-up at our university medical center for at least one year. We assessed changes in PA, eating
behavior, body weight, fatigue, and depression (PHQ-9). In November—-December 2020 (lockdown#2), we recorded body
weight in 280 patients who had reported decreased PA during lockdown #1.

Results During lockdown #1 (N =420 patients included, 44% response rate), decreased PA was reported by 67% patients.
Compared to those who reported increased or unchanged PA, patients with decreased PA were more likely to report a>5%
weight gain (OR (95% CI): 3.15 (1.46-7.65), increased fatigue (2.08 (1.36-3.23)), a worsening of eating behavior (2.29
(1.47-3.58)), and moderate-to-severe depressive symptoms (4.74 (2.14—11.76)). During lockdown #2 (N=225 patients, 80%
response rate), significant weight gain since before lockdown #1 was reported (+2.8 (95% CI: 1.7-3.8) kg, p <0.001), with
36% patients reporting a > 5% weight gain.

Conclusions PA may counteract detrimental effects of COVID-19 lockdown on post-BS weight trajectories and mental health
outcomes. Follow-up measures are needed in this setting to assess the long-term impact of lockdown.

Keywords COVID-19 - Lockdown - Bariatric surgery - Physical activity - Nutrition

. Introduction
Key points

o Sixty-seven percent of post-bariatric patients reported
decreased physical activity during lockdown.

e Patients who reported decreased physical activity reported
greater weight regain.

o They were also more likely to report moderate-to-severe
depressive symptoms.

o Eating behavior was adversely modified in patients with
decreased physical activity.

In response to the COVID-19 pandemic, numerous countries
around the world implemented periods of lockdown during
the year 2020 [1]. In France, strict lockdown measures took
place between March and May 2020 and between November
and December 2020. These measures included the closure
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of most “non-essential” public places, businesses, and ser-
vices, the placement on partial/technical unemployment or
the adoption of telework by the majority of the working pop-
ulation, and the prohibition of being outdoors except to take
care of essential needs [2]. Recreational activity was only
allowed for 1 h within a 1-km radius from one’s residential
address. As a consequence, a decrease in physical activity
(PA) occurred during the COVID-19 lockdown throughout
many countries and in different populations [3]. In France,
47% of a representative sample of 2000 adults reported
decreased PA during compared to before lockdown [4].

PA is an important component of the management of
patients undergoing bariatric surgery (BS), as it is associ-
ated with a substantial improvement in physical fitness and a
slightly greater weight loss after BS [5]. PA may also prevent
weight regain after BS [5]. Two online surveys conducted in
the USA reported a decrease in PA during the COVID-19
lockdown in 49% and 55% of patients with a history of BS
[6, 7]. In addition, two studies conducted in the context of
COVID-19 lockdown in the USA and in Italy in 208 and
48 patients after BS, respectively, found that a decrease in
PA, or a lower weekly duration of PA, was associated with
a greater weight gain, thus suggesting the importance of PA
for weight control after BS [6, 8].

Dietary habits and mental health have also been nega-
tively impacted by the COVID-19 lockdown in post-BS
cohorts, although their relations with PA have not been
investigated in this population [6]. A large proportion of
patients with a history of BS reported a decrease in healthy
food eating (46%) and an increase in snacking (63%), loss of
control when eating (48%) or depressed mood (44%) [6], or
anxiety (67%) and depression (83%) [7]. In the general popu-
lation [9], as well as in patients with obesity [10], PA dur-
ing lockdown has been associated with a lower prevalence
of depressive symptoms and anxiety disorders [9, 10]. The
associations between the change in PA during the lockdown
and mental health outcomes warrant further investigation in
patients with a history of BS.

Therefore, the aim of this study was to analyze the rela-
tions between changes in PA during COVID-19 lockdown
and changes in body weight and a comprehensive set of life-
style and psychological outcomes in patients with obesity
who had undergone BS.

Material and Methods

Study Cohort

The study is based on a BS cohort of 937 patients fol-
lowed-up at a single academic medical center (Nutrition

department of Pitié-Salpétriere university hospital; Paris,
France) since 2014. Patients were operated by Roux-en-Y
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gastric bypass (RYGB), sleeve gastrectomy (SG), or
laparoscopic adjustable gastric band (LAGB). However,
we excluded LAGB patients due to their small number
(N=3) and their worse BS outcomes in general [11]. Fur-
thermore, we excluded patients who had been operated
less than 1 year before the first COVID-19 lockdown,
since maximum weight loss usually occurs at approxi-
mately 1 year after BS. Detailed clinical and anthropo-
metric measures were obtained before surgery [12]. Body
composition was assessed based on whole-body dual
energy X-ray absorptiometry (DXA) scan (Hologic Dis-
covery W, software v12.9; Hologic, Bedford, MA) [13].
Ethical approval was obtained from the French Research
Ethics Committee of CPP Ile de France-1 N°13533 and
the “Commission nationale de 1’informatique et des lib-
ertés” No. 1222666.

Data Collection During COVID-19 Lockdowns

A first COVID-19 lockdown (lockdown #1) took place in
France from March 17th to May 11th 2020. The 937 BS
patients followed in the cohort were contacted by phone
and 738 patients provided information about their current
medical situation (Fig. 1) [12]. Of these, 500 patients also
contributed to an online survey including a set of standard-
ized questions that has been used in a large cohort study at
the national level [14]. Eighty patients were further excluded
for the reasons detailed above. Therefore, 420 patients were
included in the present analyses.

The questions pertained to professional occupation and
characteristics of lockdown, as well as the perceived changes
during lockdown in PA and sedentary behavior, diet qual-
ity and eating behavior, alcohol consumption and smoking,
sleep duration, and fatigue. Subjects were asked whether they
had, in general, increased, decreased, or not modified their
habitual PA level during lockdown (question formulated as
follows: “Compared to before the lockdown, your physical
activity level: increased/ did not change/ decreased/ do not
know”). Detailed information was also collected regarding
the different types of PA performed over the last 7 days,
and whether this activity had been started during lockdown.
Questions related to eating behavior were formulated as fol-
lows: “Compared to before the lockdown... 1) Your current
diet is: better/ neither better nor less good/ less good/ do not
know”, 2) You snack: more often/ neither less nor more/ less
often, 3) You have more/neither more nor less/less cravings
for food, 4) You experience more/ neither more nor fewer/
fewer episodes of eating large amounts of food and feel-
ing like you lose control, 5) You experience more/ neither
more nor less/ less night-time food consumption.” Patients
were asked to report body weight measured at home before
lockdown and at the time of the survey only if specifically
measured with a scale. Finally, the presence of depressive
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On-going post-bariatric cohort
N= 937 patients

» Clinical and anthropometric characteristics
before bariatric surgery

|

COVID-19 lockdown #1 - Phone survey (April 27t" - May 27th 2020)
N= 738 patients operated by RYGB, SG or LAGB (79% of initial cohort)

» Current medical situation

|

N= 500 patients (53% of initial cohort)

e

N= 80 patients excluded
-Received LAGB (N= 3)
-Time since surgery < 1y (N=77)

COVID-19 lockdown #1 - Online survey (April 27t" - May 27t" 2020)

N= 420 patients included
(45% of initial cohort)
- Received RYGB or SG
-Time since surgery2>21y

» Body weight

» Physical activity

» Eating behavior

» Sleep and fatigue

» Depression and anxiety
» Other lifestyle outcomes

|

N= 225 patients

COVID-19 lockdown #2 - Online survey (Dec 7" to Dec 15" 2020)

(80% of target population constituted of 280 participants
who reported a decrease in PA during lockdown #1)

» Body weight

Fig.1 Flow chart.

LAGB, laparoscopic gastric banding; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy

symptoms and anxiety was assessed using the Patient Health
Questionnaire-9 scale (PHQ-9) [15] and the Generalized
Anxiety Disorder—7 scale (GAD-7) [16], respectively.

A second lockdown period (lockdown #2) took place in
France 7 months later from October 30th to December 15th,
2020. For practical reasons, only patients who had reported a
decrease in PA during the first lockdown (N =280) were con-
tacted by email and by phone before and during lockdown #2
to report their current body weight. A total of 225 patients
responded to this survey (i.e., a response rate of 80%).

Statistical Analysis

Values are presented as mean (SD) for continuous variables
and as absolute values (percentages) for categorical vari-
ables. Individual characteristics were compared according
to gender using Student’s ¢-tests for continuous variables
and Pearson’s chi-square (5°) test or Fisher’s exact test for
categorical variables. Individual characteristics were also
compared according to the change in PA during lockdown #1
(decrease vs. no change or increase in PA) using multivari-
ate logistic regression models including age, gender, type
of surgery, and time elapsed since BS as covariates. Linear
mixed models adjusted for baseline body weight (before

lockdown #1) were used to assess changes in body weight
over time. The terms “gender,” “time,” and “gender X time”
were included as fixed effects. All tests were two-sided and
a P-value <0.05 was considered statistically significant.
Analyses were conducted using R software version 4.0.3
(http://www.r-project.org).

Results
Individual Characteristics of Participants

Participants were middle-aged, mostly women (81%), and
the most frequent procedure performed was RYGB (56%)
(Supplementary Table 1). Patients included in this study
did not differ from the non-included patients in terms of
gender, preoperative age, BMI, or body mass (Supplemen-
tary Table 2). However, they were more likely to present a
comorbidity such as type 2 diabetes, hypertension, or sleep
apnea syndrome. The mean (SD) time elapsed between the
time of BS and the time of the survey was 4.0 (2.5) y,
and the mean percent total weight loss since the surgery
was 28.7 (10.0) % (Supplementary Table 3). The mean
weight loss at 1-year post-surgery was 29.7 (8.2) %. Since
then, 45.0% of the patients experienced additional weight
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Table 1 Characteristics of
post-bariatric patients according
to changes in physical activity
during COVID-19 lockdown #1
(April-May 2020)

@ Springer

Change in physical activity during
lockdown

Increase/ Decrease OR [95% Adjusted
no (N=280) CIJ? P-value?
change
(N =140)
Gender, ref: Women 118 221 1.00 ref
Men (84.3%) (78.9%) 1.34[0.78-  0.29
22 59 2.34]
(15.7%) (21.1%)
Age, y 48.1 51.4 1.03[1.01-  0.003
(13.3) (11.2) 1.05]
Type of surgery, ref: RYGB 74 159 1.00 ref
Sleeve (52.9%) (56.8%) 0.74[0.48-  0.18
66 121 1.14]
(47.1%) (43.2%)
BMI at surgery, kg/m? 46.1 (6.9) 44.2 (6.5) 0.96[0.93- 0.02
0.99]
Current BMI, kg/m? 32.1(6.5) 32.2(5.7) 1.00[0.96-  0.98
1.04]
% total weight loss since surgery, % -30.2 -28.0 1.02 [1.00-  0.09
(10.6) 9.6) 1.05]
Time elapse since surgery, y 44(2.5) 39(2.5) 0.89[0.81- 0.005
0.97]
Time elapse since surgery, y, ref: [1-5] 82 202 1.00 ref
>5 (58.6%) (72.1%) 0.89[0.81; 0.005
58 78 0.97]
(41.4%) (27.9%)
Type of lockdown, ref: Partial 118 232 1.00 ref
Total (84.3%) (83.8%) 1.07[0.61- 0.81
22 45(16.2) 1.91]
(15.7%)
Lockdown at usual place, ref: Yes 131 269 1.00 ref
No (93.6%) (96.8%) 0.49[0.18-  0.15
9(6.4%) 9(3.2%) 1.31]
Professional activity during lockdown,
ref: No change 48 70 1.00 ref
Work from home (343%) (25.1%) 2.08[1.12-  0.02
No professional activity prior lockdown Temporary 21 63 3.98] 0.64
unemployment (15.0%) (22.6%) 1.15[0.63- 0.86
Other situation 28 52 2.14] 0.02
(20.0%) (18.6%) 1.07 [0.50-
17 22 (7.9%) 2.30]
(12.1%) 72 1.99 [1.11-
26 (25.8%) 3.65]
(18.6%)
Number of outings per week 33(23) 3.0(23) 093[0.84- 0.15
1.03]
Duration of outings, min/week 171 (253) 137 (214) 1.00[0.99-  0.24
1.00]
Went out for work, ref: Yes 28 48 1.00 ref
No (20.0%) (17.1%) 1.140[0.66- 0.64
112 232 1.86]
(80.0%)  (82.9%)
Went out for food shopping, ref: Yes 91 202 1.00 ref
No (65.0%) (72.1%) 0.73[0.47-  0.17
49 78 1.14]
(35.0%) (27.9%)
Went out for physical activity, ref: Yes 41 53 1.00 ref
No (29.3%) (18.9%) 2.02[1.23-  0.006
99 227 3.31]
(70.7%)  (81.1%)
Smoking status, ref: Not smoker 120 242 1.00 ref
Current smoker (87.0%) (87.7%) 1.07[0.57- 0.84
18 34 2.04]
(13.0%) (12.3%)
Use of anti-anxiety drugs, ref: No 129 233 1.00 Ref
Yes (92.1%) (83.2%) 2.70[1.37-  0.006
11 (7.9%) 47 5.76]
(16.8%)
Use of anti-depressant drugs, ref: No 126 231 1.00 ref
Yes (90.0%) (82.8%) 1.85[0.97-  0.05
14 48 3.66]
(10.0%) (17.2%)

*Logistic regression with age, gender, type of surgery, and time since bariatric surgery as covariates

Bold values indicate significance with P<0.05
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loss (— 5.8 (4.8) % of 1-year body weight on average), and
55.0% experienced weight maintenance or weight regain
(+7.2(7.7) % of 1-year body weight on average). The vast
majority of participants spent the lockdown #1 period at
their usual place of residence, and a minority of partici-
pants reported following strict lockdown measures (i.e.,
no outings during the lockdown period).

Change in PA During Lockdown #1

Two thirds of the participants reported a decrease in PA dur-
ing lockdown #1 whereas one-third reported either an increase
or no change in PA (Supplementary Table 4). As shown in
Table 1, a decrease in PA during lockdown #1 was associated
with older age, a shorter time elapsed since BS, lower BMI
loss since surgery, working from home, and a higher use of
anti-anxiety drugs. The most frequently performed PAs during
lockdown #1 were house cleaning, walking, and gardening,
with no significant differences according to the change in PA

(Fig. 2). Compared to participants who reported a decrease in
PA, those reporting an increase or no change in PA were more
likely to have engaged in indoor cycling or resistance training,
and more likely to have started these PA during lockdown #1
(all P<0.05).Bold values indicate significance with P< 0.05

Changes in Body Weight, Lifestyle and Psychological
Outcomes During Lockdown #1, and Associations
with the Change in PA

Body weight increased on average by 1.5 (3.4) % during lock-
down #1, and 13% of participants reported a>5% increase
in body weight (Supplementary Table 4). Overall, 65% of
participants reported an increase in sitting time, 30% reported
a lower diet quality, and 64% reported a worsening in at least
one eating behavior. A minority of participants reported an
increase in alcohol consumption or smoking (10% and 8%,
respectively). Increased fatigue and shorter sleep duration
were reported by 45% and 30% of participants, respectively.

Patients reporting an increase or no change
in physical activity during lockdown (N= 140)

Patients reporting a decrease in physical activity
during lockdown (N= 280)

Participated Started Participated  Started

during during during during

lockdown (%) lockdown (%) lockdown (%) lockdown (%)
Leisure-time physical activity
Walking 40.7 9.3 [ 39.3 8.9 ——
Indoor cycling 26.4 10.7 —_—— 11.8%** 3.2%* -~
Resistance training 25.0 4.3 --— (Lot ()4 =
Indoor aerobic exercises 16.4 6.4 —— 7.9* 3.9 o=
Outdoor cycling 5%/ 2.9 - 3.2 0.4* &
Treadmill (walking, running) 5.0 2:1 < 1.8 1.1 *
Stretching 3.6 0.7 - 255 0 B
Yoga 3.6 0.7 - 25 0.4 *
Outdoor running 4.3 24 - 1.8 alal *
Dance 3.6 NA L 11 NA :
Indoor rowing 1.4 0.7 > 0.4 0

0 20 40 60 0 20 40 60
Domestic physical activity
Cleaning 54.3 4.3 - 59.6 3.6 —
Gardening 22.9 4.3 - 20.0 4.6 --—
Walking an animal 157/ 557, - 14.6 3.6 >
Housework 18.6 3.6 - 13.2 3.9 -4
Playing with children 5.0 0.7 >~ 4.3 0 -
0 20 40 60 0 20 40 60

Fig. 2 Participation (%) in leisure-time and domestic physical activity
during lockdown #1 (April-May 2020). The lines represent the pro-
portion of patients who participated in each type of physical activity
during the lockdown period. The symbol (black diamond) represents
the proportion of patients who started this physical activity during

the lockdown. *P <0.05, **P<0.01, ***P<(0.001. P-values from )(2
test or Fisher’s exact test, representing the difference between patients
who experienced a decrease vs. an increase or no change in physical
activity during lockdown
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Table 2 Changes in body weight, health-related behaviors, and mental health outcomes in post-bariatric patients according to changes in physi-
cal activity during COVID-19 lockdown #1 (April-May 2020)

Change in physical activity during lockdown
Increase/  Decrease  OR [95% CI]* Adjusted

no change (N=280) P-value?
(N =140)

Body weight

Change in body weight, % 0.4 (2.6) 2.1(3.6) 1.20[1.11-1.30] <0.001

Change in body weight, %,

ref: Moderate increase: [0 to 5%][ 98 (76.0%) 187 (73.3%) 1.00 ref
Decrease: < 0% 23 (17.8%) 28 (11.0%) 0.70[0.37-1.31] 0.25
Large increase: > 5% 8 (6.2%) 40 (15.7%) 3.15[1.46-7.65] 0.006

Sitting time

Change in sitting time, ref: Decrease/no change 75 (54.3%) 69 (25.0%) 1.00 Ref
Increase 63 (45.7%) 207 (75.0%) 3.83 [2.46-6.02] < 0.001

Sitting time, h/d 6.8 (3.8) 7.5 (3.6) 1.05[0.99-1.12] 0.10

Screen time, h/d 5.1 (3.0 6.4 (3.4 1.15]1.07-1.24] <0.001

Diet quality and eating behavior

Change in diet quality, ref: No change/better 103 (75.7%) 178 (67.2%) 1.00 Ref
Lower quality 33 (24.3%) 87(32.8%) 1.68[1.05-2.75] 0.034

Unfavorable change in eating behavior*, ref: No 65 (48.5%) 81 (30.3%) 1.00 ref
Yes 69 (51.5%) 186 (69.7%) 2.29 [1.47-3.58] < 0.001

Change in snacking, ref: No change/decrease 96 (68.6%) 137 (49.5%) 1.00 Ref
Increase 44 (31.4%) 140 (50.5%) 2.33[1.51-3.63] <0.001

Change in cravings, ref: No change/decrease 99 (70.7%) 138 (49.8%) 1.00 ref
Increase 41(29.3%) 139 (50.2%) 2.80[1.79-4.44] <0.001

Change in loss of control episodes,

ref: No change/decrease 101 (74.3%) 184 (66.7%) 1.00 ref
Increase 35(25.7%) 92 (33.3%) 1.57[0.99-2.54] 0.06

Change in night-time eating,

ref: No change/decrease 111 (82.2%) 200 (73.0%) 1.00 ref
Increase 24 (17.8%) 74 (27.0%) 1.85[1.10-3.19] 0.02

Alcohol and smoking consumption

Change in alcohol consumption,

ref: No change/decrease 127 (92.0%) 247 (88.8%) 1.00 ref
Increase 11 (8.0%) 31(11.2%) 1.47[0.72-3.18] 0.29

Change in smoking, ref: No change/decrease 129 (93.5%) 251 (90.6) 1.00 ref
Increase 9 (6.5%) 26 (9.4%) 1.65[0.76-3.89] 0.21

Sleep and fatigue

Change in sleep duration, ref: No change/increase 108 (77.1%) 185 (66.8%) 1.00 ref

Decrease 32(22.9%) 92(33.2%) 1.82[1.13-2.98] 0.01

Sleep duration, h 6.9 (1.6) 6.8 (1.6) 0.99[0.87-1.13] 0.88

Change in fatigue, ref: No change/decrease 92 (65.7%) 139 (49.6%) 1.00 ref
Increase 48 (34.3%) 141 (50.4%) 2.08 [1.36-3.23] <0.001

Mental health outcomes

GAD-7 score, ref: Minimal 81 (61.4%) 135 (51.9%) 1.00 ref
Mild 26 (19.7%) 63 (24.2%) 1.85[1.06-3.28] 0.03
Moderate 17 (12.9%) 39 (15.0%) 1.69[0.89-3.36] 0.12
Severe 8 (6.1%) 23 (8.8%) 2.42[1.03-6.18] 0.05

PHQ-9 score, ref: Minimal 76 (58.5%) 109 (42.6%) 1.00 ref
Mild 32 (24.6%) 69 (27.0%) 1.91[1.12-3.31] 0.02
Moderate 14 (10.8%) 37 (14.5%) 2.28[1.14-4.76] 0.02
Moderately severe to severe 8 (6.2%) 41 (16.0%) 4.74[2.14-11.76] <0.001

#Logistic regression with age, gender, type of surgery, and time since bariatric surgery as covariates. *Patients reporting at least one negative
change among the following outcomes: snacking, cravings, loss of control episodes, night-time eating

Bold values indicate significance with P< 0.05
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Finally, 13% of participants reported moderately severe to
severe depressive symptoms, and 8% reported severe anxiety.
A decrease in PA was associated with a greater weight gain
(mean (SD): 2.1 (3.6) vs. 0.4 (2.6) %, P<0.001) and longer
screen time (Table 2). Participants who reported a decrease in
PA were also more likely to report a > 5% weight gain, lower
diet quality, an increase in snacking, cravings and night-time
eating, a decrease in sleep time, an increase in fatigue, and
mild to severe depressive symptoms (all P <0.05).Bold values
indicate significance with P< 0.05

Changes in Body Weight Between Before Lockdown
#1 to Lockdown #2

Since a significant weight gain was observed in patients
who had reported decreased PA during lockdown #1, these
patients were followed-up 7 months later before and during
lockdown #2 to record changes in body weight over this
period of time. Of these, 71.6% reported a decrease in PA
during lockdown #2. There was a significant weight gain
(mean (95% CI): +2.8 (1.7-3.8) kg, p<0.001 for time
effect), which was greater in women (+ 3.0 (1.8-4.1) kg in
women, + 2.5 (0.3—4.7) kg in men, p <0.05 for gender x time
interaction) (Fig. 3). Overall, 77.3% reported weight gain
and 36.3% of participants reported a > 5% weight gain.

Discussion

This study aimed to analyze the relations between the self-
reported change in PA during the COVID-19 lockdown and
a set of lifestyle and psychological outcomes in a cohort of
420 patients with a history of BS. Two thirds of patients
reported a decrease in PA, which is in line with previous
studies that found decreased PA in 40 to 61% of adults with
obesity [10, 17] and 49 to 55% of patients who underwent
BS [6, 7]. Although outdoor PA was restricted to 1 h per
day in a 1-km radius around home, outdoor walking was the
most frequently performed leisure-time PA. Interestingly,
patients who were able to maintain or increase PA during
the lockdown were more likely to engage in indoor activities
such as cycling or resistance training and to have started
these activities during the lockdown. This shift toward indoor
activities may have been favored by the communication
campaigns that were carried out to promote home-based PA
during the lockdown [18-20].

-During the first period of lockdown that occurred
in France between March and May 2020, we observed a
mean weight gain of 1.5% of pre-lockdown body weight
in our cohort of patients with at least 1 year of follow-up
after BS. This is comparable to the 2 kg average weight

+4.2 (1.9-6.4)
+1.8(-0.3-3.8) +2.5(03-4.7)
110
105
3
£
= 100
L
oo
9] +3.0 (1.8-4.1)
2 90 +1.9(0.8-3.0) +24(1.9-3.6)
©
o]
o
. ./»——————’—"_/—’—’—.
80
Mean body weight (95% Cl) P-value
Before During Before During anasr Time Gender
lockdown #1 lockdown #1 lockdown #2 lockdown #2 x Time
N 262 260 203 225
All 0.67 <0.001 0.047
kg 87.7 (87.1-88.4) 89.5 (88.8-90.1)° 91.0 (90.3-91.7)2b 90.5 (89.8-91.2)°
Men N 58 55 45 46
(®) kg 103.1 (98.5-107.8) 104.9 (100.2-109.6) 107.3(102.6-112.0)>® 105.6 (100.9-110.3)?
Women N 204 205 158 179
(m) kg 84.4 (82.0-86.9) 86.3 (83.9-88.7)° 86.8 (84.4-89.3)° 87.4 (84.9-89.8)°

Fig.3 Body weight (kg) during lockdown #1 (April-May 2020)
and lockdown #2 (Nov-Dec 2020) in post-bariatric patients who
had reported a decrease in physical activity during lockdown #1
(N=280). Data are mean (95% CI). P-values for gender, time, and

interaction (gender X time) terms in mixed models (adjusted for body
weight reported before lockdown #1). *Significantly different from
body weight reported before lockdown #1. Significantly different
from body weight reported during lockdown #1
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gain previously reported in patients who were more than
18 months post-BS [6]. The average weight gain reached a
total of 2.8 kg at the second period of lockdown that took
place in November and December 2020 among patients who
had reported decreased PA during the first lockdown, with
36% of them reporting more than 5% weight gain. These
findings show the detrimental effect of COVID-19 lockdown
on weight trajectories after BS, with potentially negative
consequences such as a relapse in obesity comorbidities and
decreased quality of life, both tightly linked to weight regain
after BS [28, 29].

Importantly, during the first lockdown, the self-reported
decrease in PA was associated with a greater weight gain
(2.1% vs. 0.4%) and an increased proportion of patients with
a>5% weight gain (16% vs. 6%). The decrease in PA was
also associated with other behaviors that may have favored
weight gain, such as increased screen time and a worsening
of diet quality and eating behavior (i.e., snacking, cravings,
loss of control episodes, and night-time eating). These find-
ings show the importance of providing extra care and sup-
port to post-BS patients who experienced important weight
gain and a worsening of weight-related behavior or mental
health outcomes during lockdown.

Our study presents some limitations. First, it relied on
self-reported data, as is most often the case for online sur-
veys. This may be of particular concern regarding the change
in body weight reported during the lockdown periods,
although evidence suggests that self-reported weight can be
considered sufficiently accurate in patients undergoing BS
when objective weight measurements are not available [30,
31]. Second, most questions focused on the perceived change
in health-related behaviors during the lockdown. This was
specifically the case for the assessment of PA, where no
information was collected regarding PA frequency or dura-
tion. Although our data showed a worsening of several out-
comes in post-bariatric patients with decreased PA during
the COVID-19 lockdown, they do not allow firm conclusions
to be drawn on the potential benefits that PA may have in
this context. Third, the generalization of our findings may
be limited in the sense that most patients followed-up at our
medical center live in the same area, and regional dispari-
ties were reported during the pandemic [32]. The patients
included in this study were also more likely to suffer from
a comorbidity before surgery compared to other patients
followed up at our center, and they may, therefore, not be
representative of the post-bariatric population as a whole.
Finally, only selected patients were followed during the sec-
ond lockdown (i.e., those with decreased PA during the first
lockdown), and we were not able to describe the changes
occurring in the remaining patients who had reported no
change or an increase in PA during the first lockdown.

In conclusion, French patients with a history of BS who
reported decreased PA during the first period of COVID-19

@ Springer

lockdown (April-May 2020) were more likely to report
weight gain, a worsening of eating behavior, increased
fatigue, and more severe depressive symptoms. During the
second period of lockdown (November—December 2020),
one third of these same patients reported a > 5% weight gain,
suggesting a detrimental effect of the COVID-19 pandemic
on post-BS weight trajectories. Overall, these results point
out the need to strengthen the behavioral management of
patients who have undergone BS to counteract the negative
impact of the pandemic.
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tary material available at https://doi.org/10.1007/s11695-022-06069-x.

Acknowledgements We thank Valentine Lemoine and the “NutriOm-
ics investigators” group for patient recruitment and inclusion. Nutri-
Omics investigators: Sébastien André, Rohia Alili, Jean Debédat, Isa-
belle Dugail, Camille Gamblin, Léa Le Gléau, Nathalie Gourmelon,
Leslie Malespine, Andrea Marques, Florian Marquet, Céline Osinski,
Véronique Pelloux, Ghislain Petit, Patricia Serradas, Emilie, Steinbach,
Agnes Ribeiro, Lise Voland, and Elon Zerah.

Funding Grant supports in the field of bariatric surgery were obtained
by Ministry of health and solidarity (Assistance Publique-Hopitaux de
Paris, to KC/PHRC Microbaria, to JAW/CRC Fibrota), by European
Union (Metacardis to KC HEALTH-F4-2012-305312 to KC). The
authors also thank the FORCE network supporting obesity clinical
research.

Declarations

Ethics Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed Consent Written informed consent was obtained from all
individual participants included in the study.

Conflict of Interest The authors declare no competing interests.

References

1. Islam N, Sharp SJ, Chowell G, Shabnam S, Kawachi I, Lacey B,
et al. Physical distancing interventions and incidence of corona-
virus disease 2019: natural experiment in 149 countries. BMJ.
2020;370:m2743.

2. Michelini E, Bortoletto N, Porrovecchio A. Outdoor physical
activity during the first wave of the COVID-19 pandemic. A com-
parative analysis of government restrictions in Italy, France, and
Germany. Front Public Health. 2021;9:615745.

3. Stockwell S, Trott M, Tully M, Shin J, Barnett Y, Butler L, et al.
Changes in physical activity and sedentary behaviours from before
to during the COVID-19 pandemic lockdown: a systematic review.
BMIJ Open Sport & Exerc Med. 2021;7:¢000960.

4. Escalon H, Deschamps V, Verdot C. Physical activity and seden-
tary behaviour of French adults during the COVID-19 lockdown:
an overview of prevalence and perceived evolutions (COVIPREYV,
2020). Bull Epidémiol Hebd. 2021;3:1-13.


https://doi.org/10.1007/s11695-022-06069-x

Obesity Surgery (2022) 32:2107-2115

2115

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bellicha A, van Baak MA, Battista F, Beaulieu K, Blundell JE,
Busetto L, et al. Effect of exercise training before and after bari-
atric surgery: a systematic review and meta-analysis. Obes Rev.
2021;22(Suppl 4):e13296.

Athanasiadis DI, Hernandez E, Hilgendorf W, Roper A, Embry
M, Selzer D, et al. How are bariatric patients coping during the
coronavirus disease 2019 (COVID-19) pandemic? Analysis of fac-
tors known to cause weight regain among postoperative bariatric
patients. Surg Obes Relat Dis. 2020;17:756-64.

Messiah SE, Uppuluri M, Xie L, Schellinger JN, Mathew MS,
Ofori A, et al. Substance use, mental health, and weight-related
behaviors during the COVID-19 pandemic among metabolic and
bariatric surgery patients. Obes Surg. 2021;27:1-11.

de Luis D, Izaola O, Primo D, Gémez E, Torres B, Gémez JJL,
et al. Factors related to weight gain in subjects with sleeve gastrec-
tomy during lockdown by the COVID-19 pandemic. Obes Surg.
2021;31:2197-202.

Wolf S, Seiffer B, Zeibig J-M, Welkerling J, Brokmeier L, Atrott
B, et al. Is physical activity associated with less depression and
anxiety during the COVID-19 pandemic? A rapid systematic
review. Sports Med. 2021;22:1-13.

Robinson E, Boyland E, Chisholm A, Harrold J, Maloney NG,
Marty L, et al. Obesity, eating behavior and physical activity
during COVID-19 lockdown: a study of UK adults. Appetite.
2021;156:104853.

Courcoulas AP, Christian NJ, Belle SH, Berk PD, Flum DR, Gar-
cia L, et al. Weight change and health outcomes at 3 years after
bariatric surgery among individuals with severe obesity. JAMA.
2013;310:2416-25.

Bel Lassen P, Poitou C, Genser L, Marchelli F, Aron-Wisnewsky
J, Ciangura C, et al. COVID-19 and its severity in bariatric sur-
gery-operated patients. Obesity (Silver Spring). 2020;29:24-8.
Oppert J-M, Bellicha A, Roda C, Bouillot J-L, Torcivia A, Clem-
ent K, et al. Resistance training and protein supplementation
increase strength after bariatric surgery: a randomized controlled
trial. Obesity (Silver Spring). 2018;26:1709-20.
Deschasaux-Tanguy M, Druesne-Pecollo N, Esseddik Y, Szabo de
Edelenyi F, Alles B, Andreeva V, et al. Diet and physical activ-
ity during the COVID-19 lockdown (March-May 2020): results
from the French NutriNet-Santé cohort study. Am J Clin Nutr.
2021;113:924-38.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: valid-
ity of a brief depression severity measure. J Gen Intern Med.
2001;16:606—-13.

Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief meas-
ure for assessing generalized anxiety disorder: the GAD-7. Arch
Intern Med. 2006;166:1092-7.

Brown A, Flint SW, Kalea AZ, O’Kane M, Williams S, Batter-
ham RL. Negative impact of the first COVID-19 lockdown upon
health-related behaviours and psychological wellbeing in people
living with severe and complex obesity in the UK. E Clin Med.
2021;34:100796.

World Health Organisation. HealthyAtHome - physical activity.
[Internet]. 2020 [cited 2021 Jun 8]. Available from: https://www.
who.int/news-room/campaigns/connecting-the-world-to-combat-
coronavirus/healthyathome/healthyathome---physical-activity
Agence nationale de sécurité sanitaire de 1’alimentation, de
I’environnement et du travail. Avis relatif & I’évaluation des risques

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

liés a la réduction du niveau d’activité physique et a I’augmentation
du niveau de sédentarité en situation de confinement [Internet].
Maisons-Alfort: Anses; 2020. Available from: https://www.anses.
fr/fr/system/files/NUT2020SA0048.pdf

Centers for Disease Control and Prevention (CDC). How to be
physically active while social distancing [Internet]. Centers for
Disease Control and Prevention. 2021 [cited 2021 Jun 8]. Avail-
able from: https://www.cdc.gov/physicalactivity/how-to-be-physi
cally-active-while-social-distancing.html

Caussy C, Wallet F, Laville M, Disse E. Obesity is associ-
ated with severe forms of COVID-19. Obesity (Silver Spring).
2020;28:1175.

Pettit NN, MacKenzie EL, Ridgway JP, Pursell K, Ash D, Patel B,
et al. Obesity is associated with increased risk for mortality among
hospitalized patients with COVID-19. Obesity (Silver Spring).
2020;28:1806-10.

Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S,
Greenberg N, et al. The psychological impact of quarantine
and how to reduce it: rapid review of the evidence. Lancet.
2020;395:912-20.

Le Strat Y, Melchior M, Gorwood P, Tebeka S, Dubertret C. The
role of comorbidity in the association of obesity with unemploy-
ment and disability. Ann Epidemiol. 2020;45:61-8.

Chan-Chee C, Léon C, Lasbeur L, Lecrique J-M, Raude J, Arwid-
son P, et al. The mental health of the French facing the COVID-19
crisis: prevalence, evolution and determinants of anxiety disor-
ders during the first two weeks of lockdown (COVIPREV Study,
23-25 march and 30 March-1 April, 2020). Bull Epidémiol Hebd.
2020;13:260-9.

Novotny JS, Gonzalez-Rivas JP, Kunzova é, Skladana M,
PospiSilova A, Polcrova A, et al. Risk factors underlying
COVID-19 lockdown-induced mental distress. Front Psych.
2020;11:603014.

Dicker D, Bettini S, Farpour-Lambert N, Frithbeck G, Golan R,
Goossens G, et al. Obesity and COVID-19: the two sides of the
coin. Obes Facts. 2020;13:430-8.

Debedat J, Sokolovska N, Coupaye M, Panunzi S, Chakaroun R,
Genser L, et al. Long-term relapse of type 2 diabetes after Roux-
en-Y gastric bypass: prediction and clinical relevance. Diabet
Care. 2018;41:2086-95.

Karlsson J, Taft C, Ryden A, Sjostrom L, Sullivan M. Ten-year
trends in health-related quality of life after surgical and conven-
tional treatment for severe obesity: the SOS intervention study. Int
J Obes (Lond). 2007;31:1248-61.

White MA, Masheb RM, Burke-Martindale C, Rothschild B, Grilo
CM. Accuracy of self-reported weight among bariatric surgery
candidates: the influence of race and weight cycling. Obesity (Sil-
ver Spring). 2007;15:2761-8.

Jenkins TM, Boyce TW, Ralph Buncher C, Zeller MH, Courcoulas
AP, Evans M, et al. Accuracy of self-reported weight among ado-
lescent and young adults following bariatric surgery. Obes Surg.
2017;27:1529-32.

OECD. OECD regions and cities at a Glance 2020. Paris: OECD
Publishing; 2020.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.anses.fr/fr/system/files/NUT2020SA0048.pdf
https://www.anses.fr/fr/system/files/NUT2020SA0048.pdf
https://www.cdc.gov/physicalactivity/how-to-be-physically-active-while-social-distancing.html
https://www.cdc.gov/physicalactivity/how-to-be-physically-active-while-social-distancing.html

	Effect of COVID-19 Lockdowns on Physical Activity, Eating Behavior, Body Weight and Psychological Outcomes in a Post-Bariatric Cohort
	Abstract
	Purpose 
	Material and Methods 
	Results 
	Conclusions 

	Introduction
	Material and Methods
	Study Cohort
	Data Collection During COVID-19 Lockdowns

	Statistical Analysis
	Results
	Individual Characteristics of Participants
	Change in PA During Lockdown #1
	Changes in Body Weight, Lifestyle and Psychological Outcomes During Lockdown #1, and Associations with the Change in PA
	Changes in Body Weight Between Before Lockdown #1 to Lockdown #2

	Discussion
	Acknowledgements 
	References


