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Abstract
Purpose The COVID-19 pandemic could exacerbate the risk factors for weight gain in patients with previous bariatric surgery.
The aim of this study was to evaluate factors related to weight gain during lockdown in patients with a sleeve gastrectomy.
Materials and Methods A group of 48 obese subjects with previous bariatric surgery was enrolled. After a 7-week confinement, a
telephone interview was conducted. In this phone call, self-reported body weight gain and different factors were recorded. In
order to obtain the basal and pre-surgical data, biochemical and anthropometric parameters were recorded from electronic
medical record.
Results The mean age was 45.3±8.0 years (range: 23–61) and the mean body mass index (BMI) was 32.5±7.5 kg/m2 (range:
28.6–34.2). Gender distribution was 38 females (79.2%) and 10 males (20.8%). The increase in self-reported body weight was
3.8±2.1 kg during the 7 weeks of confinement. And the self-reported body weight gain was lower in subjects with regular
exercise (4.6±0.9 vs 1.1±0.3 kg; p=0.02). The number of face-to-face visits to the nutrition office that did not attend was 0.61
±0.81 (range: 0–4) per patient. In the multiple regression analysis with self-reported bodyweight gain as a dependent variable, the
physical activity (minutes/week) remained as a protective factor with a beta coefficient of −0.09 (95% CI: −0.001 to 0.016;
p=0.03) and number of face-to-face appointments in the nutrition consultation missed as a risk factor with a beta coefficient of
9.65 (95% CI: 1.17–18.12; p=0.03).
Conclusions The increase in self-reported body weight is associated with a decrease in physical activity and the loss of face-to-
face visits to the Nutrition Unit.
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Introduction

Since declaration of the COVID-19 pandemic on March 11,
2020, fast global spread of the disease has led to unprecedent-
ed measures. Coronavirus disease 2019 (COVID-19) is the
infectious disease caused by the coronavirus SARS-CoV-2.
COVID-19 produces a respiratory infection characterized by

mild to severe symptoms. According to the National Center
for Immunization and Respiratory Diseases, the high-risk cat-
egories for severe illness from COVID-19 are people aged 65
years and older, immunocompromised, and people with some
chronic diseases such as obesity [1].

The early surge in cases threatened to overwhelm the
National Health Systems and led people going into lockdown
in order to “flatten the curve” of COVID-19 [2]. For example,
one of the multiples implications is the abrupt cessation of
outside activities for population in Spain, who by mandate
had to remain in their homes during the “Lockdown.” The
resultant social isolation has led to unparalleled and precipi-
tous changes in human behavior. There are reasons to be wor-
ried about housebound patients who have obesity, with a po-
tential rapid weight gain. In lockdown, forced inactivity has
coupled with altered eating habits often related with emotional
troubles and stress [3, 4]. This decrease of activity plus the
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increase in consumption of calorie-dense foods (snacking) and
ultra-processed food is a factor strongly supported by obser-
vations in real-world settings [5]. Furthermore, the combina-
tion of online education, working from home, and social me-
dia usage has all caused screen time to surge [6]. All of these
factors allow hypothesizing an increase in body weight during
these weeks of lockdown that is likely to have metabolic re-
percussions in the near future and subsequently an increased
risk of cardiovascular events.

During the COVID-19 pandemic, IFSO (International
Federation for the Surgery of Obesity) recommended that
all elective surgical and endoscopic cases for metabolic and
bariatric surgery should be postponed. In addition, clinical
and hospital visits are not recommended, too. Telemedicine
online or phone follow-up has been proposed by this scien-
tific society [7].

Due to the evolving nature of this pandemic, observational
studies are important in order to gain more knowledge of the
influence of this pandemic on the weight of patients with
bariatric surgery. The aim of this cross-sectional study was
to evaluate factors related to weight gain during lockdown in
patients who have previously undergone a sleeve gastrectomy.

Materials and Methods

Subjects and Clinical Investigation

A group of 48 obese subjects with previous bariatric surgery has
been consecutively enrolled from patients visiting the
Department of Endocrinology and Nutrition for weight loss
treatment and all participants have underwent robotic sleeve
gastrectomy (SG). Robotic sleeve gastrectomy was performed
using the DaVinci X™ (Intuitive Surgical Ltd, Oxford, UK)
platform with 5 trocars (four 8-mm robotic trocars and one 12-
mm trocar for AirSeal® iFS (CONMED, NY, USA) insuffla-
tion device and stapling). The gastrocolic ligament was
transected with the robotic Vessel Sealer Extend™ (Intuitive
Surgical Ltd, Oxford, UK). The greater curvature was transected
with the Signia™ Stapling System (Medtronic, Minneapolis,
USA) and Endo GIA™ with Tri-Staple™ Technology
(Medtronic, Minneapolis, USA), starting 6 cm from the pylorus
to the angle of His. A 36-Fr bougie was used for calibration.

These 48 obese Caucasian subjects were enrolled in a non-
probabilistic consecutive method of sampling. After a 7-week
confinement period from March 17 until May 8, a telephone
survey was conducted. We recovered the anthropometric and
biochemical information from the electronic medical record of
the last visit to our Nutrition Unit. The recruited obese subjects
fulfilled the following inclusion criteria: active monitoring in
the Nutrition Unit of our hospital, currently a resident in our
health area, and at least 18 months after the bariatric surgery
(sleeve gastrectomy). The exclusion criteria were age under 18

years, severe renal or hepatic disorders, malignant tumor, or
active COVID-19 disease during the study period. The Ethics
Committee (HCUVACommittee) approved the study, and the
study was in accordance with the guidelines laid down in the
Declaration of Helsinki (PIP-GR20-1859). All participants
have provided written informed consent.

In all participants, we recovered from their electronic med-
ical record the next data of the last face-to-face visit and in the
pre-surgical visit, systolic and diastolic blood pressure, and
anthropometric parameters (weight, height, body mass index
(BMI), and waist circumference). The next biochemical data
were recovered from the medical record: glucose, insulin, total
cholesterol, LDL-cholesterol, HDL-cholesterol, and
triglycerides.

Phone Questionnaire

After the lockdown period of 7 weeks, a 15-min telephone
interview was conducted with the following questions: (1)
Have you realized regular physical exercise? (yes/no); (2)
How many minutes per week of exercise? (numerical); (3)
What is your current weight? (numerical); (4) According to your
perception, have you gained weight? (yes/no); (5) If the answer
was “yes,” how much weight have you gained? (numerical)
(patient was recommended to weigh himself on his homologat-
ed home scale to obtain this result); (6) Do you take snacks
between meals during the lockdown? (numerical); (7) How
many meals do you eat per day since confinement?
(numerical); (8) How many main meals did you eat before con-
finement? (numerical); (9) How many area (m2) does your
home have? (numerical); (10) How many members make up
your family? (numerical); (11) Do you have a pet? (yes/no);
(12) If you have been able to go outside with your pet, how
many minutes per week? (numerical); (13) How many hours a
day of TV did you watch before confinement? (numerical); (14)
How many hours a day of TV do you watch now? (numerical).

Finally, the number of face-to-face visits to the Nutrition
Unit that did not attend was recorded, as well as the number of
visits realized to the Emergency Department during confine-
ment. Patients who abandoned the intake of at least one vita-
min or mineral supplement prescribed by their specialist and
of any drug related to cardiovascular risk factors (blood hy-
pertension, dyslipidemia, or diabetes mellitus) during 1 week
were also recorded.

Anthropometric and Biochemical Parameters from
the Last Face-to-Face Visit

In order to obtain the basal data of this population, the next
parameters were recorded from electronic medical record (pre-
surgical data and the last face-to-face visit in our Nutrition
Unit); body weight was measured using scales and recorded
to the nearest 50 g. Height was measured with a tape measure.
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Bodymass index (BMI) was calculated as bodyweight (in kg)
divided by height (in m2). Waist circumference (WC) was
measured at the umbilical level. The next biochemical param-
eters were obtained from medical record; serum total choles-
terol and triglyceride levels were determined by the enzymatic
colorimetric assay, while HDL-cholesterol was measured in
the supernatant after precipitation of other lipoproteins by en-
zymatic methods.

Statistical Analysis

All the data were analyzed using SPSS for Windows software
package, version 23.0 (SPSS Inc., Chicago, IL, USA). The
sample size was calculated to detect an increase in self-
reported body weight gain during confinement of 3 kg with
90% power and 5% significance. Non-parametric variables
were analyzed with theMann-Whitney test andWilcoxon test.
Parametric test was analyzed with Student’s T test, ANOVA
test, and Bonferroni post hoc test. Qualitative variables and
the presence of comorbidities were analyzed with the chi-
square test, with Yates’ correction as necessary and Fisher’s
test as necessary. Pearson’s test and Spearman’s test were
used to correlate numerical variables. Multiple regression
analyses adjusted by age and gender were used to calculate
the beta coefficient and 95% confidence interval (CI) to esti-
mate the association of self-reported body weight gain with
potential risk factors. A p value under 0.05 was considered
statistically significant.

Results

A sample of 48 subjects with sleeve gastrectomy (SG) was
evaluated. The mean age was 45.3±8.0 years (range: 23–61)
and the last mean bodymass index (BMI) was 32.5±7.5 kg/m2

(range: 28.6–34.2). Gender distribution was 38 females
(79.2%) and 10 males (20.8%).

After a sleeve gastrectomy performed on average 41±12
months, Table 1 reports biochemical and epidemiological
data of the study population in the last face-to-face visit in
the hospital and in the pre-surgical time. The next parame-
ters showed significant statistical improvements between
pre-surgical time and the last face-to-face visit data: body
mass index (BMI) (delta: 5.7±0.9 kg/m2; p=0.01), weight
(delta: 41.3±3.9 kg; p=0.001), waist circumference (delta:
23.1±3.4 cm; p=0.02), systolic blood pressure (delta: 15.2
±4.1 mmHg; p=0.01), total cholesterol (delta: 35.1±9.2 mg/
dl; p=0.03), LDL-cholesterol (delta: 32.2±9.9 kg; p=0.04),
triglycerides (delta: 44. 1±8. 8 mg/dl; p=0.02), insulin levels
(delta: 14.6±2.3 UI/l; p=0.01), and HOMA-IR (delta: 3.0
±0.7 kg; p=0.02).

Table 2 shows the results of the answers to the phone ques-
tionnaire. A 64.4% of the patients acknowledged having

gained weight. The increase in self-reported body weight
was 3.8±2.1 kg during the 7 weeks of lockdown. The sample
analyzed showed a high physical activity rate of 63.8%. The
patients who recognized that they did a lot of exercise had an
average in minutes of physical activity higher than those who
considered that they did not do enough exercise (no regular
exercise vs regular exercise: 31.4±21.1 vs 401.6±19.9 min/
week; p=0.01). And the self-reported body weight gain was
lower in the latter (no regular exercise vs regular exercise: 4.6
±0.9 vs 1.1±0.3 kg; p=0.02).

Regarding eating habits, the patients recognized
snacking in 29.2% of the sample. The patients who ac-
knowledged performing snaking presented higher self-
reported body weight gain (no snacking vs snacking: 2.5
±1.1 vs 3.8±0.7 kg; p=0.04) than those who did not confirm
it. The mean number of meals per day that the subjects took
prior to lockdown was similar to that they carried out during
lockdown (pre-lockdown: 4.6±0.8 units vs during lock-
down: 4.9±0.9 meals; p=0.43). Regarding the self-
reported hours of TV per day, there was a significant in-
crease in the hours during lockdown (TV hours pre-
lockdown vs TV hours during lockdown: 2.45±0.7 vs 3.65
±0.9 h; p=0.01). The presence of pets in the home was not
related to self-reported body weight gain (no pet vs pet: 3.92
±1.1 vs 3.48±1.2 kg; p=0.29).

The correlation analysis between the self-reported gained
body weight of the patients and quantitative variables
showed a negative correlation with minutes of exercise
(r=− 0.405; p=0.01). The correlation analysis with the fol-
lowing parameters did not show statistically significant as-
sociation with self-reported weight gain: “house area in m2”
(r=0.18; p=0.54), “number of family members at home”
(r=0.11; p=0.49), “minutes invested in the activity outside
the home with the pet” (r=0.17; p=0.51), and “number of
hours on TV” (r=0.28; p=0.12).

Finally, the number of face-to-face visits to the Nutrition
Unit that did not attend was 0.61±0.81 (range: 0–4) per pa-
tient. A 49.3% of subjects lost at least one visit. Patients who
missed at least one visit to the Nutrition Unit had a greater self-
reported weight gain (no lost vs lost: 1.0±0.4 vs 3.9±0.8 kg;
p=0.04). The average number of visits to the Emergency
Department during lockdown was 0.16±0.35 (range: 0–2)
per patient. A 17.6% of subjects visited the Emergency
Department at least once. Only 3.4% of patients (2 patients)
abandoned the intake of at least one vitamin or mineral sup-
plement prescribed by their specialist and no patient stopped
the drug therapy to blood hypertension.

In the multiple regression analysis with self-reported body
weight gain as a dependent variable and adjusted for age and
sex, the physical activity (minutes/week) remained as a pro-
tective factor with a beta coefficient of − 0.09 (95% CI: −
0.001 to 0.016; p=0.03). The number of face-to-face appoint-
ments in the nutrition consultation remained as a risk factor
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with a beta coefficient of 9.65 (95% CI: 1.17–18.12; p=0.03)
in the model.

Discussion

The main finding of this cross-sectional study was the fact that
the lockdown indicated by the Spanish health authorities for a
period of 7 weeks during the first epidemic wave has produced
a significant increase in self-reported body weight gain in this
sample of obese patients with sleeve gastrectomy. This in-
crease of body weight was associated with a decrease in

physical activity and the loss of face-to-face visits to the
Nutrition Unit.

The World Health Organization considers non-
communicable diseases, such as obesity, a major risk factor
for becoming seriously ill with the novel coronavirus [8, 9].
For example, Lighter et al. [10] have demonstrated that obe-
sity in patients younger than 60 years is a risk factor for
COVID-19 hospital admission. Furthermore, some national
series of patients indicates that almost 90% of deaths occurred
in patients with non-communicable diseases, such as obesity,
diabetes mellitus type 2, and hypertension [10]. For all the
previously mentioned risk factors, obesity seems to be a risk

Table 1 Epidemiological and
biochemical parameters Parameters Pre-surgical data Last face-to-face visit p

Total group, n=48

Age (years) 40.3±6.1 45.3±8.1 0.03

BMI 38.2±7.1 32.5±7.5 0.01

Weight (kg) 128.7±11.3 87.7±11.3 0.001

WC (cm) 122.6±18.0 99.6±14.0 0.002

SBP (mmHg) 131.1±5.1 116.1±4.1 0.01

DBP (mmHg) 84.7±3.8 83.7±3.8 0.18

Fasting glucose (mg/dl) 109.1±7.9 96.7±13.9 0.01

Total cholesterol (mg/dl) 219.9±11.8 185.9±12.8 0.03

LDL-cholesterol (mg/dl) 144.1±30.9 112.0±35.9 0.04

HDL-cholesterol (mg/dl) 58.1±9.1 61.7±12.1 0.18

Triglycerides (mg/dl) 137.4±23.1 93.4±43.1 0.02

Insulin (mUI/l) 26.1±6.0 11.9±7.0 0.01

HOMA-IR (units) 6.3±1.1 3.3±2.1 0.02

BMI bodymass index,DBP diastolic blood pressure, SBP systolic blood pressure,WCwaist circumference, LDL-
cholesterol low-density lipoprotein cholesterol, HDL-cholesterol high-density lipoprotein cholesterol, HOMA-IR
homeostasis model assessment. p<0.05, between genders

Table 2 Epidemiological
questionnaire Questions Total group, n=48

Have you performed regular physical exercise? (yes/no) 63.8%/36.2%

How many minutes per week of physical exercise? (min) 308.1±212.6

What is your current weight? (kg) 90.9±18.7

According to your perception, have you gained weight? (yes/no) 64.4%/35.6%

How much weight have you gained? (kg) 2.5±2.1

Do you take snacks between meals during the lockdown? (yes/no) 29.2%/70.8%

How many meals do you eat per day since confinement? 4.7±0.9

How many main meals did you eat before confinement? 4.6±0.8

How many m2 does your home have? 109.1±34.9

How many members make up your family? 2.7±1.1

Do you have a pet? (yes/no) 31.2%/68.8%

If you have been able to go outside with your pet, how many minutes per week? 222.5±44.1

How many hours a day of TV did you watch before confinement? 2.45±0.7

How many hours a day of TV do you watch now? 3.65±0.9
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factor for poor adverse outcome of COVID-19 disease, and
this propensity of subjects with obesity to develop more com-
plications that are serious could be due to some factors such as
the delayed and ineffective immune response and the chronic
inflammatory status of these patients.

In this stage, outpatient visit of bariatric patients has been
suspended or replaced by video consultations. Our health au-
thorities did not allow face-to-face visits to certain services
and pathologies during the first lockdown (7 weeks), and
one of them was obese patients. The health authorities tried
to prioritize the face-to-face visits to the external consultations
of the hospital to certain serious pathologies, for example,
cancer patients and patients with data of ischemic heart dis-
ease. For all this, we decided to make these telephone visits
and to report the results. Traditional consultations consisted of
15–20-min face-to-face consultations with a prior blood test
and face-to-face anthropometry of the patient; however, tele-
phone visits involve questionnaires like the one used, without
blood tests and with anthropometric data self-reported by the
patients. Bariatric surgery has been inevitably affected by the
COVID-19 pandemic, as indicated by Lazaridis et al. [11] in a
worldwide survey. In our study, we have detected how a
49.3% of patients did not attend their visit in the Nutrition
Unit and this was related to weight gain. On the other hand,
limitations in mobility decreased the time of physical activity,
which was also related to this body weight gain. The inability
to go to work and exercise, emotional stress, and financial
problems are providing the perfect milieu for the weight in-
crease in subjects with bariatric surgery. Recently, He et al.
[12] reported in an online survey in China that females with
BMI >25 kg/m2 gainedweight during lockdown. In this study,
the average steps per day and the average moderate- or
vigorous-intensity exercise time declined. The changes in
body weight inversely correlated with these changes in phys-
ical activity. Based on this survey, the authors considered that
the effect of weight gain due to reduced physical activity was
more powerful than the effect of calorie intake [12].

In our study, the self-reported body weight gain has not
been related to dietary variables such as number of meals
per day and snacking. The effect of COVID-19 lockdown
on lifestyle in obese children has been demonstrated in some
studies [13]. In this investigation [13], an increase in the time
of sleep, a decrease in sports activities, and an increase in food
intake such as fried potatoes, sugary drinks, and red meat were
reported. However, the effect of lockdown and these changes
in lifestyle habits on weight was not evaluated in this work. In
our study, we did not report that snacking increases the risk of
self-reported body weight gain in multivariant analysis.
Perhaps during the lockdown, other psychological factors
have been very important; it has been demonstrated that indi-
viduals under psychological stress consumed higher amounts
of energy and dense snacks, particularly fatty and sweet
snacks [5, 14, 15]. This worsening of the psychological

variables has been demonstrated among patients with obesity
during lockdown [16]. The relationship between nutritional
intake and weight gain in patients with bariatric surgery dur-
ing lockdown is an area of interest considering the aforemen-
tioned antecedents. However, the studies are scarce and par-
tial. For example, Nicoletti et al. [17] have demonstrated an
inappropriate nutritional intake in postoperative bariatric pa-
tients during the COVID-19 lockdown. They observed that
almost 90% of the patients did not reach the necessary protein
intake and 25% ate too many ultra-processed foods. However,
in this work, the effect on body weight of these changes in
nutritional intake was not evaluated. In other national survey
with bariatric patients [18], 30% of responders admitted hav-
ing put on weight, significantly more in the group of preoper-
ative patients (43.8%) than postoperative patients (22.7%).
Only 20.9% of patients had a possibility of continuing direct
bariatric care. However, in this study, neither the physical
activity nor the weight that the patients gained during the
lockdown period was collected. Finally, the majority of pa-
tients planned to increase their physical activity after the pan-
demic [18].

Furthermore, our interviewed subjects increased TV hours
during confinement, although it was not directly related to the
self-reportedweight gain reported in our survey. Perhaps the high
number of hours of TV that the subjects already reported before
confinement has not allowed us to detect this influence [19].

Limitations of our study are, firstly, it is the relatively small
sample size and short period of the study. Secondly, it is a
cross-sectional study, so we cannot draw any causal conclu-
sions. Thirdly, the body weight of the patients is self-reported,
with under-estimation biases. Moreover, there is a generally
strong agreement between self-reported body weight and clin-
ic weights [20]. Fourthly, the time of exercise, snacking, and
TV hours were also self-reported, with its corresponding
biases. All these limitations are understandable given the ex-
igencies operating during this pandemic. In addition, most of
the patients have overpassed their nadir weight, so they should
be in the “plateau” or slight weight regain phase after surgery,
and the absence of a control group without lockdown does not
allow ruling out this option, as an effect of the natural history
of sleeve gastrectomy. Finally, we evaluated a cohort of pa-
tients with sleeve gastrectomy because it is the surgery that is
being implanted in our public health system, by reducing hos-
pital stay and comorbidities [21] and the data should be repli-
cated with other types of bariatric, robotic, and non-robotic
surgery.

The strength of the work is that these are real data from
patients in our Nutrition Unit, which would allow us to take
preventive measures to reduce weight gain in patients with
bariatric surgery in successive epidemic waves.

In conclusion, the lockdown decreed during the pandemic
by SARS-CoV-2 has produced an increase in self-reported
body weight in obese subjects with sleeve gastrectomy. This
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increase is associated with a decrease in physical activity and
the loss of face-to-face visits to the Nutrition Unit. These
observations point to the important need for implementation
of preventive tools during periods of lockdown. Such mea-
sures could be telemedicine lifestyle programs; endocrinolo-
gists can offer online guidance encouraging healthy family
habits, implementing healthy foods, and exercise programs
[22]. The lack of information regarding the increase risk of
illness for subjects with morbid obesity might increase anxiety
given that these subjects have now been categorized as vul-
nerable to severe illness if they contact COVID-19 [23].
However, we should encourage our bariatric patients in future
pandemic waves to come to the clinic using all possible pre-
cautions of course.
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