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Abstract

Objective: The study’s aim was to investigate the impact of a 12-month adjunctive

lifestyle intervention on weight loss and health outcomes after bariatric surgery.

Methods: A total of 153 participants (78.4% females; mean [SD], age 44.2 [10.6] years;

BMI 42.4 [5.7] kg/m2) were randomized to intervention (n = 79) and control (n = 74).

The BARI-LIFESTYLE program combined 17 nutritional-behavioral tele-counseling ses-

sions plus once-weekly supervised exercise for 12 weeks. The primary outcome was per-

centage weight loss at 6 months post surgery. Secondary outcomes included body

composition, physical activity levels, physical function and strength, health-related quality

of life, depressive symptomatology, and comorbidities.

Results: Longitudinal analysis of the entire cohort showed significant reductions in

body weight, fat mass, fat-free mass, and bone mineral density at the total hip, femo-

ral neck, and lumbar spine (all p < 0.001). The 6-minute walk test, sit-to-stand test,

health-related quality of life, and depressive symptomatology improved significantly

(all p < 0.001). The time spent in moderate-to-vigorous physical activity and seden-

tary behavior remained the same as before surgery (both p > 0.05). There was no sig-

nificant difference in the primary outcome between the intervention versus control

(20.4% vs. 21.2%; mean difference = �0.8%; 95% CI: �2.8 to 1.1; p > 0.05) and no

between-group differences in secondary outcomes.

Conclusions: An adjunctive lifestyle program implemented immediately after surgery

had no favorable impact upon weight loss and health outcomes.
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INTRODUCTION

Bariatric surgery is the most effective treatment for people living with

severe obesity, resulting in marked, sustained weight loss with

improvement/resolution of obesity-linked comorbidities, improved

health-related quality of life (HRQoL), and increased life expectancy

[1]. At present, the prospective outcome data of bariatric surgery per-

formed in the UK are lacking [2]. The National Bariatric Surgery Regis-

try only collects data on outcomes such as weight loss, resolution of

comorbidities, and HRQoL [3], whereas other important parameters

such as the changes in body composition, including bone mineral den-

sity (BMD), physical activity levels, physical function, and strength are

scarce [2]. These crucial data are needed to improve the post-bariatric

care provided to patients.

Evidence has shown that weight loss and health benefits of bar-

iatric surgery vary markedly between individuals, with approximately

20% to 30% of patients experiencing suboptimal weight loss [4]. It is

also known that weight loss in the early postsurgery period is accom-

panied by a substantial loss of fat-free mass with a concomitant

decline in BMD [5, 6]. To optimize weight loss and counteract the

unfavorable outcomes, patients are required to follow post-bariatric

lifestyle recommendations such as adequate protein intake, lifelong

vitamin and mineral supplementation, and engagement in physical

activity [7]. However, support from clinical teams in implementing

these recommendations is often minimal, which may impact a person’s

ability to adapt after surgery [8]. In current clinical practice, most of

the multidisciplinary input focuses on presurgery preparation [7]. This

highlights the need to investigate the integration of effective follow-

up care packages into post-bariatric care services to support patients

after surgery [7].

To date, few studies have evaluated the efficacy of an adjunctive

lifestyle program starting in the early postoperative period to support

patients and maximize health outcomes [9–11]. Poor-quality studies,

heterogeneity of the lifestyle program, and obsolete bariatric proce-

dures reported in previous randomized controlled trials (RCTs) have

meant that a definitive conclusion currently cannot be drawn as to

whether a postsurgery lifestyle intervention can elicit further weight

loss and health improvement [9–11]. Therefore, in the BARI-LIFESTYLE

RCT study, we assessed the impact of a combined nutritional-behavioral

and supervised exercise intervention, implemented immediately after

surgery, on percentage weight loss (%WL) and health outcomes in the

first postoperative year, compared with standard care.

METHODS

Design, setting, and participants

BARI-LIFESTYLE was a two-arm, parallel-group, single-blind, multisite

RCT study, embedded within an observational cohort study under-

taken at three National Health Service bariatric centers in London,

UK. A two-staged randomized consent design was employed [12].

The trial protocol and amendments (available in online Supporting

Information) were approved by London-Dulwich Research Ethics

Committee (17/LO/0950). This trial was carried out by the Centre

for Obesity Research, University College London.

Eligible participants were adults aged 18 to 65 years who were

planning to undergo either primary gastric bypass or sleeve gastrec-

tomy (SG) surgery and who fulfilled the National Institute for Health

and Care Excellence (NICE) eligibility criteria [7]; were medically safe

to participate in an exercise program; were able to read and write in

English; were able to comply with the trial protocol; were able to

attend a supervised tailored exercise session weekly for 12 weeks;

and were willing to wear a Fitbit and ActiGraph (wGT3X-BT, software

V.6.13.3).

Patients were deemed ineligible if they had a body weight of

200 kg or more because of the limitation of the dual-energy x-ray

absorptiometry (DXA) scan; if they were nonambulatory; if they had a

functional limitation; or if they had a medical contraindication for

exercise. All trial participants provided the first written informed con-

sent to take part in the BARI-LIFESTYLE observational study that

Study Importance

What is already known?

• About 20% to 30% of patients experience suboptimal

weight loss, defined as percentage weight loss less than

20% at 12 months post surgery.

• Prior to bariatric surgery, patients spend more time in

sedentary behavior with low levels of physical activity.

Postoperatively, despite weight loss, physical activity

levels and sedentary behavior remain similar to preopera-

tive levels.

• Fat-free mass is significantly reduced after surgery, which

might contribute to weight regain in the long-term.

What does this study add?

• Provision of an early adjunctive program of nutritional-

behavioral and supervised exercise intervention, imple-

mented immediately after surgery, had no additional

favorable impact on weight loss and non-weight-related

health outcomes.

How might these results change the direction of

research?

• Future studies should investigate whether shifting the

start of an adjunctive lifestyle intervention program to a

later time (i.e., during weight-loss maintenance phase)

would improve weight loss and health benefits.

• Effective strategies are needed to improve physical activ-

ity levels, reduce sedentary behavior, and protect fat-free

mass following bariatric surgery.

2 THE BARI-LIFESTYLE TRIAL
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aimed to collect outcome data of bariatric surgery. During the con-

senting process, participants were told there might be the possibility

they would be approached again for potential participation in a post-

surgery lifestyle program. The study protocol of the observational

cohort, including the study rationale, details of recruitment, proce-

dures, outcome measures, and planned data analysis, has been pub-

lished previously [2]. The details of each surgical technique (Roux-

en-Y gastric bypass, one anastomosis gastric bypass, and SG) are out-

lined in online Supporting Information Methods.

Randomization

Immediately after surgery, all 153 participants in the observational

cohort were randomized in a 1:1 ratio to receive either postsurgery

standard care or standard care plus a lifestyle program. Randomization

was carried out remotely by the investigators using an online random-

ization facility that generated a sequence with variable blocks of two,

four, and six, stratified by the type of surgical procedure and trial site.

All participants randomized to the intervention group were then

invited to take part in the BARI-LIFESTYLE intervention study. Those

who agreed to take part provided a second written informed consent

prior to hospital discharge.

Participants allocated to the control group were not informed of

the randomization and intervention study. This was to avoid contami-

nation of the control group, which may have potentially diluted the

treatment effects in the intention-to-treat (ITT) analysis. The outcome

assessors and the trial statistician were blinded to the group

allocation.

Interventions

Alongside the standard postoperative follow-up care, participants

received a total of 17 nutritional-behavioral tele-counseling sessions

in the first 12 months after surgery (Figure 1). The tele-counselors

were all bariatric dietitians trained to deliver the sessions based on

the tele-counseling manual, with each session lasting for up to

15 minutes. Participants were provided with a tele-counseling

booklet containing dietary and exercise recommendations and dia-

ries to self-report their food intake, step count, supplement intake,

and body weight (see protocol in online Supporting Information).

This information was used by the tele-counselor to guide and indi-

vidualize the content of each session. The first eight sessions (weeks

1 to 12 post surgery) focused on ensuring participants achieved ade-

quate nutrition and engaged in physical activity. Participants were given

goals in relation to four key areas: (1) staged meal progression to meet

a minimum of 60 g of daily protein intake; (2) self-monitoring of physi-

cal activity using Fitbit to achieve 10,000 steps daily; (3) intake of multi-

vitamins and mineral supplements; and (4) self-monitoring of body

weight. The following five sessions (weeks 13 to 24 post surgery)

focused on maintaining adequate nutrition and protein intake, together

with increased physical activity. In the last four sessions of the mainte-

nance phase (weeks 25 to 46 post surgery), the tele-counselors contin-

ued to discuss the four key areas. In relation to exercise,

participants were advised to achieve and maintain at least 150 minutes

of moderate-to-vigorous physical activity (MVPA) per week. In all

17 sessions, participants were encouraged to raise their preferred topic

for discussion and they received real-time feedback from the tele-

counselor.

At 3 months post surgery, participants were enrolled in a

supervised, once-weekly, individually tailored exercise program for

12 weeks. Each session lasted for up to 60 minutes, combining both

aerobic and resistance exercises supervised by exercise therapists at

the hospital gym (see protocol in online Supporting Information). Par-

ticipants were provided with an exercise booklet containing a weekly

exercise log for 12 weeks (protocol) and three types of exercise bands

varying in resistance (PhysioRoom.com). The gym supervised exercise

was converted to remote, live, supervised tele-exercise classes during

the COVID-19 lockdown [13].
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F I GU R E 1 Schematic representation of BARI-LIFESTYLE trial
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Participants in the control group received the standardized post-

operative bariatric care as stipulated by NICE [7]. A Fitbit wearable

device, for self-monitoring purposes, was given to all participants to

prevent unblinding of the study outcome assessors at recruitment to

the initial observational study.

Primary and secondary outcome measures

The primary outcome was %WL at 6 months post surgery between

the intervention versus the control groups. %WL was calculated

using the following formula: %WL= ([weight on the day of

surgery – weight at time point after surgery]/weight on the day of

surgery) � 100. %WL was measured at each study time point (at 3,

6, and 12 months post surgery). Prespecified secondary outcomes

included body composition and BMD measured by bioelectrical

impedance analyzer (BIA) (Tanita DC-430MAS) and DXA scan (Dis-

covery A DXA system, software version.13.4.2, Hologic). Habitual

physical activity was assessed objectively by accelerometer-based

activity monitor (ActiGraph). Functional capacity was assessed using

6-minute walk test (6MWT), lower body functional capacity was

measured using sit-to-stand test, and static muscle strength of the

upper extremities was assessed using handgrip test (Jamar Hydrau-

lic Hand Dynamometer, Patterson Medical). HRQoL was assessed

using European Quality of Life Five Dimension Three Level Scale

and Impact of Weight on Quality of Life-Lite questionnaires [14,

15]. Attitude and symptoms of depression were assessed using Beck

Depression Inventory-II [16]. Comorbidities resolution (hyperten-

sion, hyperlipidemia, and obstructive sleep apnea) was defined as

the normalization of the corresponding characteristics without

treatment. Complete remission of type 2 diabetes was defined

according to the American Diabetes Association criteria of complete

remission: no antidiabetic drug, fasting blood glucose <5.6 mmol/L,

and glycated hemoglobin in the normal range of at least 1 year’s

duration. Partial remission was defined as the following: no antidia-

betic drug and glycated hemoglobin < 6.5% of at least 1 year’s dura-

tion [17].

Statistical analysis

The initial sample size was calculated based on the cohort data of

patients who underwent bariatric surgery at one of the trial sites

with the mean of %WL at 12 months post surgery of 27.8% (SD

8.4%) [4]. We calculated that a sample size of 198 participants

(99 participants per study arm) would provide 95% power at a 0.05

significance level to detect a 5% difference in %WL between groups

at 12 months, after allowing for up to 25% dropout. However,

because of the high attrition rate at 12 months and the COVID-19

pandemic, the primary outcome time point was changed to 6

months post surgery following consultation with the trial steering

committee. At this time point, 65 and 69 participants were available

in the control and intervention groups. Continuing with the assumed

mean difference of 5% and SD of 8.4%, the power to test a differ-

ence of 5% at 6 months was 93%.

The longitudinal analysis for the entire cohort has been

described previously [2]. The analyses for the primary and second-

ary outcomes of the RCT were undertaken based on appropriate

complete-case groupings for related measures on the ITT principle

that no account was paid to the extent to which the treatments

were followed. For the primary outcome analysis, the ITT principle

was further strengthened by including participants whose weight at

6 months was based on self-measurement. Standard linear regres-

sion model for %WL at 6 months post surgery was undertaken,

with explanatory variables to indicate treatment group, body mass

index (BMI) on day of surgery, and trial site. The estimation of this

coefficient was reported together with an associated 95% confi-

dence interval (CI). A p value for a test of the null hypothesis that

this mean difference is equal to zero against a two-sided alternative

was reported using a significance level of 0.05. For weight at each

time point (3, 6, and 12 months), additional models were fitted in

which weight (in kilograms rather than percentage change) was

modeled using linear regression with BMI at surgery, treatment

group, and trial site as explanatory variables. Weight across time

was modeled using a longitudinal mixed-effects model with weight

on the day of surgery, time, treatment group, and trial site included

as fixed effects and a random effect included at the participant

level.

Other continuous secondary outcomes (fat mass, fat-free mass,

BMD, physical activity levels, sedentary behavior, physical function

and strength, HRQoL, and depressive symptomatology) were also ana-

lyzed using a longitudinal mixed-effects model. For obesity-related

comorbidities, the proportion of participants with the conditions was

reported in a table by treatment group at baseline and at 12-month

follow-up. Tables were produced to report the number of participants

who had new comorbidities and to report the status of comorbidities

for participants who had comorbidities at baseline (complete/partial

remission, improved, unchanged, worsened). For binary outcomes, we

used Fisher exact test to compare between groups.

Analyses were performed using Stata 17 (StataCorp LLC). There

is no data monitoring committee. The trial is registered at

ClinicalTrials.gov, NCT03214471.

RESULTS

Between February 21, 2018, and November 13, 2019, 514 potential

participants were assessed for eligibility. Of these, 153 participants

(78.4% female) were enrolled and randomly assigned to intervention

(n = 79) and control (n = 74) groups (Figure 2). The baseline demo-

graphic characteristics are shown in Table 1.

The mean number of tele-counseling sessions attended was

13 out of 17 sessions, by which 90.7% of participants completed more

than half of the total sessions. However, for the supervised exercise

session, 20 out of the 75 participants did not enroll in the program.

The common reasons stated were time commitments associated with

4 THE BARI-LIFESTYLE TRIAL
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family and work responsibilities, preferring to exercise on their own,

and inconvenient gym locations and exercise class schedules. During

the COVID-19 pandemic, 16 participants who had started the in-

person gym exercise classes were invited to complete the remaining

sessions virtually [13]. Overall, for the supervised exercise component,

the mean number of attendances per participant was 8 out of 12 clas-

ses, with 76.4% of participants completing more than half of the exer-

cise classes. The last participant follow-up was on December

17, 2020.

Weight-loss and health outcomes of the entire cohort

Overall, bariatric surgery significantly reduced body weight, fat mass,

fat-free mass, and BMD at the total hip, femoral neck, and lumbar

spine in the first 12 months following surgery (all p < 0.001). Further-

more, the 6-minute walk test, sit-to-stand test, HRQoL, and depres-

sive symptomatology also significantly improved (all p < 0.001). No

improvements were observed in the time spent on MVPA and seden-

tary behavior (both p > 0.05; Table 2). At 1 year post surgery, all

Assessed for eligibility (n=514)

Randomised (n=153)

Allocated to intervention (n=79)
75 received allocated intervention
4 did not receive allocated intervention

3 did not consent
1 unable to reach post-surgery

Allocated to control (n=74)
Received allocated intervention (n=74)

Excluded (n=361)
312 did not meet inclusion criteria
37 awaiting surgery
12 other reasons

3-month follow-up (91·1% retention rate)
72 completed assessment visit

2 remote assessment
7 did not complete assessment visit

1 withdrawn due to personal reason
1 out of the country
1 unable to reach
4 personal reason

3-month follow-up (91·9% retention rate)
68 completed assessment visit

2 remote assessment
6 did not complete assessment visit

1 withdrawn due to pregnancy
1 unable to reach
4 personal reason

6-month follow-up (87·3% retention rate)
69 completed assessment visit

20 remote assessment
10 did not complete assessment visit

2 withdrawn due to personal reason
8 personal reason

6-month follow-up (87·8% retention rate)
65 completed assessment visit

10 remote assessment
9 did not complete assessment visit

3 withdrawn 
2 pregnancy 
1 personal reason

2 out of the country
4 personal reason

12-month follow-up (88·6% retention rate)
70 completed assessment visit

10 remote assessment
9 did not complete assessment visit

4 withdrawn
2 pregnancy
2 personal reason

1 unable to reach
4 personal reason

12-month follow-up (74·3% retention rate)
55 completed assessment visit

10 remote assessment
19 did not complete assessment visit

3 withdrawn 
2 pregnancy 
1 personal reason

2 out of the country
1 moved out from London
7 unable to reach
6 personal reason

F I GU R E 2 Flow of participant enrollment, group allocation and follow-up

THE BARI-LIFESTYLE TRIAL 5
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bariatric procedures produced a comparable %WL as follows: Roux-

en-Y gastric bypass (25.3%), one anastomosis gastric bypass (26.4%),

and SG (24.3%), p = 0.69 (Supporting Information Figure S1 and

Table S1). The mean percentage fat mass and fat-free mass loss was

also comparable across all bariatric procedures, p = 0.91 and

p = 0.52, respectively (Supporting Information Table S2). A detailed

exploratory analysis of the primary and secondary outcomes of the

observational cohort will be presented separately.

The impact of intervention on weight loss

A total of 49 participants in the intervention group and 55 participants

in the control group with available BIA body weight were included for

complete-case analysis (Table 2), regardless to the extent to which

they complied with their randomization to conditions. No significant

difference in %WL at 6 months post surgery was observed between

the intervention versus control group [20.0% vs. 21.2%; mean differ-

ence (MD) = �1.2%; 95% CI: �3.5 to 1.1; p = 0.29]. In seeking to

minimize bias by further following the ITT principle [18], a further 30

participants with self-reported body weight at 6 months, collected

remotely, were included. This formed the primary outcome ITT analy-

sis including 69 and 65 participants with %WL at 6 months post sur-

gery between the intervention versus control group, 20.4% versus

21.2% (MD = �0.8%; 95% CI: �2.8 to 1.1; p = 0.41), respectively.

This shows a very similar result to that from the complete-case

analysis. A sensitivity analysis revealed that there was no significant

correlation between the numbers of tele-counseling and exercise ses-

sions completed with %WL at 6 months post surgery, r = 0.172

(p = 0.16) and r = 0.129 (p = 0.30), respectively (Supporting Informa-

tion Table S3).

The impact of intervention on secondary outcomes

For the prespecified secondary outcomes analysis, no between-group

differences were observed throughout the first postoperative year in

fat mass, fat-free mass, BMD, habitual physical activity, physical func-

tion and strength, HRQoL, depressive symptomatology (Table 2), and

comorbidities resolution (Supporting Information Table S4).

Adverse events

Twenty-two serious adverse events were reported in 13 partici-

pants from the intervention group and 5 participants from the con-

trol group who required hospitalization. Of all the serious adverse

events, some were expected postsurgery events such as preg-

nancy, vomiting, cholecystectomy, and surgical-related complica-

tions (Table 3). None of the serious adverse events was related to

either the tele-counseling or supervised exercise interventions. All

serious adverse events were resolved with appropriate manage-

ment. Most of the reported adverse events were mild (Supporting

Information Table S5). The common adverse events reported in

the intervention group were similar to those associated with post-

bariatric surgery (e.g., constipation, vomiting, abdominal pain). The

gastrointestinal and cardiovascular adverse events were more

commonly reported by participants in the intervention group than

in the control group. These differences were most probably associ-

ated with increased reporting by the intervention group compared

with the control group, as there were more follow-up visits com-

pleted by the former group.

T AB L E 1 Baseline demographic characteristics

All Intervention Control

n 153 79 74

Age (y) 44.2 (10.6) 44.8 (10.8) 43.6 (10.5)

Gender, n (%)

Male 33 (21.6) 20 (60.6) 13 (39.4)

Female 120 (78.4) 59 (49.2) 61 (50.8)

Menopause, n (%) 29 (24.2) 15 (51.7) 14 (48.3)

Weight (kg) 118.0 (19.1) 119.1 (18.2) 116.8 (20.1)

Height (m) 1.67 (0.09) 1.68 (0.08) 1.65 (0.09)

BMI (kg/m2) 42.4 (5.7) 42.1 (5.8) 42.7 (5.7)

Type of surgery, n (%)

RYGB 44 (28.8) 24 (54.5) 20 (45.5)

OAGB 25 (16.3) 13 (52) 12 (48)

SG 84 (54.9) 42 (50) 42 (50)

Surgery center, n (%)

UCLH 70 (45.7) 37 (52.9) 33 (47.1)

Whittington 42 (27.5) 21 (50) 21 (50)

Homerton 41 (26.8) 21 (51.2) 20 (48.8)

Ethnicity, n (%)

White/White British 89 (58.2) 43 (48.3) 46 (51.7)

Mixed race 7 (4.6) 4 (57.1) 3 (42.9)

Asian/Asian British 13 (8.5) 7 (53.8) 6 (46.2)

Black/Black British 35 (22.8) 19 (54.3) 16 (45.7)

Other ethnicity 9 (5.9) 6 (66.7) 3 (33.3)

Smoking status, n (%)

Current smoker 1 (0.7) 0 1 (100)

Past smoker 71 (46.4) 38 (53.5) 33 (46.5)

Never 81 (52.9) 41 (50.6) 40 (49.4)

Comorbidities, n (%)

T2D 36 (23.5) 19 (52.8) 17 (47.2)

Hypertension 52 (34.0) 31 (59.6) 21 (40.4)

Hyperlipidemia 28 (18.3) 12 (42.9) 16 (57.1)

OSA 43 (28.1) 27 (62.8) 16 (37.2)

Note: Data are mean (SD) unless otherwise indicated.

Abbreviations: OAGB, one anastomosis gastric bypass; OSA,

obstructive sleep apnea; RYGB, Roux-en-Y gastric bypass; SG, sleeve

gastrectomy; T2D, type 2 diabetes; UCLH, University College London

Hospitals.
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DISCUSSION

Aligned with the existing literature [1, 3], longitudinal analysis of the

BARI-LIFESTYLE cohort showed that bariatric surgery leads to a

marked reduction in body weight and fat mass with improvement in

physical function, HRQoL, and depressive symptomatology. However,

physical activity levels and sedentary behavior did not change after

surgery, with an undesirable impact observed on the changes in fat-

free mass and BMD, similar to what has been previously reported [5,

6, 19, 20]. Of those participants enrolled in the BARI-LIFESTYLE

intervention, their weight loss did not differ compared with those

participants receiving post-bariatric standard care. Similarly, the

BARI-LIFESTYLE intervention had no favorable impact on non-

weight-related outcomes that include fat mass, fat-free mass, BMD,

habitual physical activity, physical function and strength, HRQoL,

depressive symptomatology, and comorbidities resolution.

The present trial is the first evidence, to our knowledge, to show that

combining both nutritional-behavioral intervention and tailored supervised

exercise in a single postoperative lifestyle program has no impact on

weight loss in the first 12 months after surgery. Our finding further sup-

ports a few previous RCTs demonstrating that providing either postsur-

gery nutritional-behavioral intervention [21–25] or exercise programs [26,

27] within the first year after surgery did not lead to additional weight loss.

The exact reasons are not fully understood, although these might be due

to the predominant biological effects of weight loss in the early phase of

bariatric surgery [28] that may have overridden the potential weight-loss

impact of any adjunctive lifestyle interventions. This is consistent with the

results of the STEP trials with the glucagon-like peptide-1 receptor agonist

semaglutide. The STEP 3 trial that combined semaglutide with intensive

behavioral therapy and a low-calorie diet led to no greater weight loss

than semaglutide alone in the STEP 1 trial after 68 weeks of treatment

[29, 30]. Our findings, therefore, highlight the need to identify preopera-

tive predictors to maximize postsurgery weight loss.

No favorable impacts of the BARI-LIFESTYLE intervention on

HRQoL and mental health outcomes were observed, which corrobo-

rates findings from previous RCTs [24, 31]. This could be explained by

the fact that the peak improvement in HRQoL and mental health

occurs in the 12 months following surgery [32, 33], and so, any

adjunctive lifestyle interventions would not offer additional impacts.

Furthermore, the similar marked weight loss observed between

groups might have explained the comparable outcomes in HRQoL,

mental health, and comorbidities improvement/resolution.

The lack of favorable impact of BARI-LIFESTYLE intervention on

fat-free mass, BMD, and physical function and physical strength as

compared with the previous post-bariatric exercise RCTs [34–38]

could be explained by the heterogeneity in the content of the exercise

program across studies. Although the present trial involved only a

once-weekly exercise program for 12 weeks, the other RCTs involved

three weekly exercise sessions with longer duration that ranged from

12 to 44 weeks [34–38]. These RCTs also consisted of predominantly

resistance training, above and beyond the intensity of resistance train-

ing provided in the present trial. The reported adherence rates of the

previous RCTs ranged from 39% to 83%, which are similar to ourT
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study (76.4%). Taken together, the frequency, duration, and intensity

of resistance training are key when designing an effective exercise

program for patients after bariatric surgery. The lack of favorable out-

come on these parameters could also be due to no additional impacts

of the BARI-LIFESTYLE intervention on the time spent in MVPA and

sedentary behavior. Indeed, previous findings from bariatric cohorts

have suggested that improved time spent in MVPA and reduced time

spent in sedentary behavior were associated with higher fat mass loss

and better preservation of fat-free mass after surgery [20, 39]. Pre-

venting loss of fat-free mass and BMD after bariatric surgery is cru-

cial, as an excessive loss might negatively impact the ability to carry

out activities of daily living and increase fracture risk over the long

term [5]. This is important as the majority of people undergoing bar-

iatric surgery are above the age of 30 [1, 3], a point when muscle mass

and strength start to decline involuntarily, with the rate of decline

accelerating after the age of 60 [40]. Women especially have an even

higher fracture risk once they enter menopause, which represents

more than 75% of patients undergoing bariatric surgery [1, 3]. Given

that the new antiobesity medications that engender weight loss in the

bariatric surgery range are likely to be used in a similar group of

patients [41, 42], studies are needed to examine the impact of these

on habitual physical activity and body composition changes.

Strengths and limitations

The main strength of BARI-LIFESTYLE is the use of a high-quality trial

design. The adherence rate of the tele-counseling sessions in the pre-

sent study was also high (90.7%). Both BIA and DXA, the latter being

a reference gold standard [43], were used to assess the changes in

body composition. The habitual physical activity was measured objec-

tively using an accelerometer, as patients who have undergone bariat-

ric surgery tend to overreport their physical activity levels when

assessed using the conventional questionnaires [44]. In addition, the

present trial used an obesity-specific HRQoL questionnaire [15] and a

validated instrument to assess depressive symptomatology [16], both

of which are sensitive to detecting small changes.

We acknowledge several limitations in our study. The prespeci-

fied secondary outcomes were not powered to detect a significant

difference between groups. During the nationwide COVID-19 lock-

down, all in-person follow-up assessments were carried out remotely;

hence throughout this period, outcome data that required a face-to-

face assessment such as body composition and physical function were

missing. In addition, the last 16 participants who had started the in-

person exercise classes had to complete the remaining sessions

remotely because of the lockdown. Nevertheless, through a

T AB L E 3 Serious adverse events

All (n = 153) Intervention (n = 79) Control (n = 74)

All serious adverse events

Number of serious adverse events 22 17 5

Number of participants with any serious adverse

events

18 13 5

Unanticipated serious adverse events

Cardiovascular

Arrhythmia 2 2 0

Chest pain 2 2 0

Faint 1 1 0

Mild heart attack 1 1 0

Dermatological

Back abscess 1 1 0

Musculoskeletal

Elbow operation 1 1 0

Anticipated serious adverse events

Gastrointestinal

Abdominal pain 3 2 1

Bowel obstruction 1 1 0

Cholecystectomy 1 1 0

Ulcer 1 0 1

Vomiting 3 3 0

Infectious

Sepsis 1 0 1

Reproductive

Pregnancy 4 2 2
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qualitative substudy that we undertook, the participants reported that

the intensity of the remote exercise was similar to the gym exercise

they attended before the lockdown. The virtual exercise classes also

helped with adherence by removing the barriers when attending the

in-person exercise classes before COVID such as traveling time, park-

ing issues, and poor weather conditions [13]. Last, as previously men-

tioned, approximately one-quarter of participants randomized to the

intervention group did not enroll in the exercise program, with rea-

sons similar to a previous RCT study [27].

Implications for practice and considerations for future
studies

The high adherence toward the remote dietary tele-counseling sug-

gests that this method of service delivery could be implemented as

an alternative to the usual in-person dietetics follow-up. Indeed, a

recent survey reported that 81.7% of patients were satisfied with

the virtual bariatric follow-up clinics provided during the COVID-19

pandemic mainly because of the time and cost efficiency to attend,

with 76% of patients expressing their preference to continue with

virtual care [45].

Our trial provides a low-dose exercise program and has no favor-

able impact compared with previous positive studies [34–38], sug-

gesting that higher frequency, duration, and intensity of resistance

training are needed to achieve the beneficial impact on non-weight-

related outcomes.

For future studies, the following recommendations should be

considered:

1. We previously showed that patients who lose less than 1 lb a

week during the 3- to 6-month postoperative period will not

achieve a maximal %WL of more than 20% [4]. Therefore, future

studies should target patients who exhibited early poor weight-

loss response as a main inclusion criteria.

2. The optimal timing to deliver a postsurgery lifestyle intervention

program remains unclear, although our data suggest no impact

when delivered within the first 12 months after surgery. Therefore,

future studies should consider randomizing patients to either

receive the lifestyle intervention during the substantial weight-loss

phase or during weight-loss maintenance.

3. Studies with longer term follow-up are needed to provide further

evidence of whether an early adjunctive lifestyle intervention

would have favorable impacts on long-term weight-loss mainte-

nance or the rates of weight regain.

4. Our study highlights that marked weight loss alone, despite sup-

port to increase habitual physical activity, does not lead to

increased MVPA or reduced sedentary behavior. Given that the

use of antiobesity medications that engender weight loss in the

bariatric surgery range is likely to become widespread [41, 42],

future studies should focus on strategies to improve these non-

weight-related outcomes in patients who lose significant weight

with lifestyle programs, pharmacotherapy, or bariatric surgery.

CONCLUSION

Our findings add to the existing evidence [21–27] that the provision

of a lifestyle intervention in the first 12 months following bariatric

surgery does not improve weight loss or health outcomes.O
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