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Abstract

Objective: Full meal replacement (FMR) Intensive Lifestyle Interventions (ILI) have

been used for weight management. However, predictors of efficacy with these

programs are less clear. The primary objective was to assess weight loss predictors

in a community‐based FMR ILI program. A secondary objective was to determine if

weight loss was different between virtual and in person ILI.

Methods: This was a retrospective cohort study involving 234 patients who started

the program between 1 January 2016 and 3 March 2021. In the 24‐week program,

patients spent 12 weeks on FMR and then transitioned back to food for the

remainder, with weekly follow up with a physician and group sessions with a die-

titian. Visits were in person prior to March 2020 and virtual afterward.

Results: Patients' average age was 47.5 years (SD = 12.0) and 73.5% were female.

Average weight loss was 14.3% (SD = 6.2%). There was no significant difference in

weight loss between virtual and in person programs. Patients on a Glucagon‐like
Peptide‐1 Receptor Agonist prior lost less weight. Other significant associations

between groups were baseline Hemoglobin A1C, classes attended, as well as the age

since peak weight.

Conclusion:Weight loss from virtual ILI was not significantly different from person

ILI. More research is needed to determine how to best stratify care as virtual or in

person using FMR programs.

K E YWORD S

lifestyle modifications, weight loss, weight management program

1 | INTRODUCTION

Obesity rates have increased significantly in Canada and were 27.2%

in 2017/2018.1 Given its increasing prevalence, effective treatment

of obesity is essential. One of the tools available to treat overweight

and obesity is the use of partial or Full meal replacement (FMR)

(PMR, FMR). The use of meal replacements can lead to greater

weight loss and improvements in body composition.2,3 These im-

provements can also be helpful in managing diabetes, leading to

improved control or even diabetes remission.4,5 The use of a struc-

tured multidisciplinary obesity therapy program with FMR has been

shown to be a highly effective treatment of obesity and obesity‐
related diseases.6 A previous randomized controlled trial reported

patients on a FMR, medically managed program, had twice as much
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weight loss and higher rates of clinically meaningful weight loss at

52 weeks compared to a reduced calorie food based program.7 The

use of meal replacements is supported in Canadian and European

guidelines for managing obesity.8,9

Meal replacement use has also been reported in patients with

type 2 diabetes and has been shown to produce more weight loss

compared to individualized diet plans and reduce the use of diabetes

medications.10 The standard Optifast® 900 weight management

programs in Canada are medically supervised, high intensity, behav-

ioral intervention programs with frequent followup, combined with a

low‐calorie FMR diet of 900 kcal per day. It consists of a 24‐week

program, weekly meetings with allied health professionals and phy-

sicians, 12 weeks of FMR, followed by a transition phase with solid/

liquid food, and ultimately a weight maintenance phase with solid

food.8

The LEAF Weight Management Clinic (LEAF WMC) in Ottawa,

East Ontario, is one of Canada's largest medically supervised, urban‐
community and academic‐based, private weight management clinics.

Since January 2016, the LEAF WMC has offered programs involving

either FMR or PMR using Optifast® 900 shakes.

One of the biggest changes to the program at the clinic was due

to the global pandemic, due to severe acute respiratory syndrome

coronavirus‐2 (SARS‐CoV‐2, COVID‐19). Prior to the pandemic, all

services at LEAF WMC were in person. However, it was recognized

that patients with obesity are at greater risk from COVID‐1911 and

have more chronic complications from COVID‐19.12 Furthermore,

funding and resources were also affected.13 Due to generalized

cycles of population lock‐downs in Canada, the decision to move

toward virtual care rather than in person was made. Virtual care,

also referred to as telemedicine, allowed for the delivery of the

program while maintaining social distancing from the patients. This

shift was a common experience that affected many patients.14 The

benefits of virtual care in obesity management that existed prior to

the pandemic have been demonstrated in numerous other

studies.13,15–18 The transition to virtual care was made by other

obesity medicine providers due to the pandemic, with significant

patient satisfaction.19 It has been shown that virtual visits are

similarly efficacious as well.20

The objective of this study was to determine the factors that

may be associated with greater weight loss when undergoing an

intensive lifestyle intervention. A secondary objective was to

determine if there was a difference in weight loss between those

who had completed the in person program prior to the pandemic

compared with those who had participated in the program only

virtually.

2 | METHODS

2.1 | Study design

This study was a retrospective electronic medical record chart re-

view. The charts of all patients who had participated in the FMR

program were individually reviewed. To be included in the study,

patients must have been at least 18 years of age and have started the

program between 1 January 2016 and 3 March 2021. Patients were

excluded from the analysis if they had not attended at least 8 of 24

sessions. In the event that a patient did the program more than once,

only their first attempt was included in the analysis.

2.2 | Participants

During chart review, 306 charts were identified for patients who had

gone through LEAF WMC's Optifast® 900 FMR intensive lifestyle

intervention program, as seen in Figure 1. Six charts were excluded

from patients who had not completed the program before data

analysis began. A further 10 charts were excluded as they had

insufficient data and 12 charts were excluded as they represented

patients who were doing the program for the second time. Of these

remaining 278 charts, 30 were excluded for doing a 3rd version of the

program, while 14 were excluded as they fell during the period when

the program transitioned from being in person versus virtual. Overall,

234 individual patients were included in the study.

Demographics for patients collected from their initial appoint-

ment included past medical and surgical history, family history, peak

lifetime weight, and age at peak lifetime weight. Medication use, for

categories known to influence weight gain or weight loss, was noted.

Weight was recorded at program start, weekly during the program,

and as a percentage change in weight each week in comparison to

program start. Prior enrollment in the publicly funded weight man-

agement program,10 was also tracked.

2.3 | Intervention

In the FMR program, patients underwent a medically supervised

intensive lifestyle intervention (ILI) with a low‐calorie FMR diet of

900 kcal per day using Optifast® 900 (Nestlé Health Science). It

consisted of a 24‐week program, featuring weekly meetings with

registered dietitians and physicians. While the meetings with physi-

cians were individual, the sessions with the registered dietitian were

done as group sessions. The first 12 weeks consisted of FMR, fol-

lowed by a transition phase for 12 weeks where patients transitioned

back to eat food and focused on weight maintenance. During the

FMR phase, patients were allowed to consume 1‐2 cups of green

vegetables per day in addition to Optifast® 900. On 18 March 2020,

the pandemic necessitated a transition from person sessions and MD

visits to virtual care through Zoom (Zoom Video Communications,

Inc.). In a virtual visit, patients would follow a private Zoom link to

speak to a physician. Dietitian sessions were performed as group

Zoom sessions.

At each visit during the STREAM program, patients' weight and

waist circumference were collected. After the transition to virtual

visits, weight and waist circumference was self‐reported by the pa-

tients at each of their visits.
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2.4 | Statistical analysis

Statistical analyses were performed at the Ottawa Methods Center.

A p‐value of less than 0.05 was considered significant. Since the

assumption of the T‐test was not satisfied for categorical variables,

non‐parametric methods, such as Kruskal–Wallis and Wilcoxon tests,

were applied to investigate the association between final weight and

categorical variables. For continuous variables, single variable ordi-

nary regression (t‐test) was applied to verify the association between

continuous variables and final weight. For multivariate regression, a

least squares mean model was used in the secondary analysis. This

was done to correct for multiple testing in the primary analysis. A

post‐hoc analysis was performed using LibreOffice Calc (The Docu-

ment Foundation) and an unpaired, 2‐tailed Student's T‐test.

3 | RESULTS

A total of 234 patients were included in this study. Baseline de-

mographics are reported in Table 1. Of the patients, 26.5% were male

and 73.5% were female. The average age was 47.5 years (SD = 12.0),

with an average weight loss of 14.3% (SD = 6.2%). More than 75% of

patients managed to achieve a ≥10% weight loss. The majority of

patients (77.4%) did not have type 2 diabetes mellitus. The majority

of patients had a family history of obesity (80.3%). In univariate

analysis, only attendance in a virtual weight management program

had a significant impact on weight loss. This accounted for a differ-

ence in weight loss of 15.7% (SD = 5.9%) versus 13.9% (SD = 6.3%)

(p = 0.0319). However, this did not meet significance in secondary

analysis (p = 0.0625) as reported in Table 2. Gender did trend close

F I GUR E 1 Flowchart showing chart review as well as exclusion process.
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to near significance (p = 0.0547), with 15.6% (SD = 7.2%) weight loss

in males compared to 13.8% (SD = 5.8%) in females.

Medication use and percentage weight loss are reported in Ta-

ble 3. 46.6% of patients were taking at least one or more antide-

pressant at baseline. However, neither use of antidepressants

(p = 0.2211) nor antipsychotics (p = 0.1412) significantly effected

weight loss. 27.8% of patients were started on a medication

for weight management during the program; however, the use of all

weight loss medication therapy was not significantly correlated

with weight loss (p = 0.2003). Interestingly and contrary to common

clinical expectations, glucagon‐like peptide‐1 receptor agonist (GLP‐
1‐RA) medication use at baseline was significantly correlated

(p = 0.0248), with less weight loss in univariate analysis. This rela-

tionship held up in the secondary analysis (p = 0.0285), as reported in

Table 4. Bupropion use was not significantly correlated (p = 0.0537)

with less weight loss.

TAB L E 1 Baseline demographics.

Characteristic n (%) Average percent weight loss Std dev p‐value

Average patient Age (Std Dev) 47.5 (12.0) 14.3 6.2

Weight loss ≥5% 218 (93.2)

Weight loss ≥10% 177 (75.6)

Weight loss ≥15% 104 (44.4)

Weight loss ≥20% 48 (20.5)

Gender Male 62 (26.5) 15.6 7.2 0.0547

Female 172 (73.5) 13.8 5.8

History of T2DM No 181 (77.4) 14.4 6.1 0.5071

Yes 53 (22.6) 13.8 6.8

History of CAD or CVA No 225 (96.2) 14.2 6.2 0.5187

Yes 9 (3.8) 15.4 6.7

History of OSA No 147 (62.8) 13.9 5.7 0.1961

Yes 87 (37.2) 15.0 7.0

History of bariatric surgery No 225 (96.2) 14.4 6.3 0.3699

Yes 8 (3.4) 12.4 5.7

History of eating disorder No 219 (93.6) 14.1 6.1 0.1387

Yes 15 (6.4) 17.0 7.1

Publicly funded program completion No 179 (76.5) 14.6 6.3 0.1051

Yes 55 (23.5) 13.3 6.0

Onset of weight Childhood 100 (42.7) 13.5 5.9 0.2775

Puberty 32 (13.7) 15.5 7.8

Adulthood 97 (41.5) 14.6 5.9

Family history of obesity No 38 (16.2) 14.9 5.3 0.9017

Yes 188 (80.3) 14.2 6.5

Adopted 4 (1.7) 13.5 4.0

Program format Virtual 51 (21.8) 15.7 5.9 0.0319

In person 183 (78.2) 13.9 6.3

Smoking status Never 141 (60.3) 14.1 6.1 0.9827

Current 17 (7.3) 14.9 5.9

Ex‐smoker 73 (31.2) 14.5 6.7

Note: Age is shown as an average, with a standard deviation in parentheses. For other values, it is presented as the count with a percentage in

parentheses. Bolded values indicate statistical significance with p < 0.05.

Abbreviations: CAD, coronary artery disease; CVA, cerebrovascular accident; OSA, obstructive sleep apnea; Std Dev, standard deviation; T2DM, type 2

diabetes mellitus.
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Effects due to some of the continuous variables are reported in

Table 5. Higher A1C at program start was associated with less weight

loss (p = 0.0125), which did hold up in secondary analysis

(p < 0.0001) as reported in Table 6. The age of the patient did not

significantly affect weight loss. The number of years since peak

weight was not significant in the univariate analysis but was found to

be significant in the secondary analysis (p < 0.0001), with more years

since peak weight giving less weight loss. One of the strongest

TAB L E 2 Regression analysis for categorical variables.

Variable
Least square mean from model

Smoking status Never Current Ex‐smoker
Mean difference

(95% CI) [A]

Mean difference

(95% CI) [B] p‐value [A] p‐value [B]

14.12 14.85 14.50 −0.73 (−3.89, 2.43) 0.35 (−2.96, 3.66) 0.969 0.9968

Onset of weight Childhood Puberty Adulthood Mean difference

(95% CI) [A]

Mean difference

(95% CI) [B]

p‐value [A] p‐value [B]

13.53 15.46 14.58 −1.93 (−4.40, 0.54) 0.88 (−1.61, 3.37) 0.4215 0.8981

Family history of

obesity

No Yes Adopted Mean difference

(95% CI) [A]

Mean difference

(95% CI) [B]

p‐value [A] p‐value [B]

14.91 14.16 13.54 0.75 (−0.32, 1.81) 0.62 (−5.57, 6.81) 0.9087 0.9973

Program format Virtual In person Mean difference

(95% CI)

p‐value

15.73 13.89 1.83 (−0.08, 3.76) 0.0625

Medication started

during program

No Yes Mean difference

(95% CI)

p‐value

14.66 13.34 1.32 (−0.46, 3.10) 0.1478

Abbreviations: CI, Confidence Interval; For smoking status, Mean Difference A, comparison between Never and Current smoker; Mean Difference B,

comparison between Current smoker and Ex‐smoker; For onset of weight, Mean Difference A, comparison between Childhood and Puberty; Mean

Difference B, comparison between Puberty and Adulthood; For Family history of obesity, Mean Difference A, comparison between No and Yes; Mean

Difference B, comparison between Yes and Adopted.

TAB L E 3 Medication history.

Characteristic n (%) Average percent weight loss Std dev p‐value

Beta blocker use No 212 (90.6) 14.4 6.3 0.2303

Yes 22 (9.4) 12.9 5.5

Insulin use No 217 (92.7) 14.3 6.2 0.8422

Yes 17 (7.3) 13.8 6.7

GLP‐1‐RA use No 214 (91.5) 14.6 6.3 0.0248

Yes 20 (8.5) 11.4 4.9

Bupropion use No 213 (91.0) 14.5 6.2 0.0537

Yes 21 (9.0) 11.8 6.4

Antipsychotic use No 213 (91.0) 14.5 6.2 0.1412

Yes 21 (9.0) 12.1 6.0

Antidepressant use No 125 (53.4) 14.8 6.4 0.2211

Yes 109 (46.6) 13.7 6.0

Medication started during program No 169 (72.2) 14.7 6.3 0.2003

Yes 65 (27.8) 13.3 6.0

Note: Bolded values indicate statistical significance with p < 0.05.

Abbreviations: GLP‐1 RA, glucagon‐like peptide‐1 receptor agonist.
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TAB L E 4 Regression analysis for
categorical variables continued.Variable

Least square mean from model

Gender Male Female

Mean
difference

(95% CI) p‐value

15.58 13.83 1.75 0.0577

History of T2DM No Yes

14.43 13.82 0.60 0.5382

History of CAD or CVA No Yes

14.25 15.38 −1.14 0.5916

History of OSA No Yes

13.88 14.97 −1.09 0.1979

History of bariatric surgery No Yes

14.37 12.39 1.98 0.3802

History of eating disorder No Yes

14.10 17.02 −2.92 0.0791

Beta blocker use No Yes

14.33 13.82 0.51 0.7478

GLP‐1‐RA use No Yes

14.56 11.38 3.19 0.0285

Bupropion use No Yes

14.54 11.75 2.79 0.0504

Antipsychotic use No Yes

14.50 12.13 2.37 0.0969

Antidepressant use No Yes

14.77 13.74 1.03 0.206

Publicly funded program completion No Yes

14.61 13.25 1.35 0.1591

Abbreviations: CAD, coronary artery disease; CI, Confidence Interval; CVA, cerebrovascular

accident; GLP‐1, RA; glucagon‐like, peptide‐1 receptor agonist; OSA, obstructive sleep apnea; T2DM,

type 2 diabetes mellitus.

TAB L E 5 Continuous variables.

Variable Total observations Observations missing Estimate Std error T value p‐value

Starting HbA1C 231 3 −0.87917 0.34930 −2.52 0.0125

Years since peak weight 216 18 −0.14256 0.07706 −1.85 0.0657

Weight change at midpoint 229 5 1.32605 0.06229 21.29 <0.0001

Age at program start 234 0 0.02430 0.03400 0.71 0.4755

Classes attended total 234 0 0.80972 0.08965 9.03 <0.0001

Note: Bolded values indicate statistical significance with p < 0.05.

Abbreviations: HbA1C, hemoglobin A1C; Std, standard.

predictors of weight was with a higher number of classes attended

(p < 0.0001 in both univariate and secondary analyses).

The virtual group attended more classes at 22.5 (SD = 2.7)

classes on average compared to 19.1 (SD = 3.9) for those in person

(p < 0.0001) (Table 7). More than half of the virtual group managed

to achieve ≥15% total body weight loss, as seen in Figure 2.

4 | DISCUSSION

This study supports evidence that virtual care can be similarly effi-

cacious as in person for FMR ILI. Weight loss in the virtual care group

did trend toward significance, though it did not meet the threshold

for significance. However, the virtual care group had higher
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attendance on average than in person. Previous studies suggest

better attendance and less attrition with virtual care rather than in

person.21 It was shown that higher attendance was associated with

better weight loss, which has been similarly reported.22 With a larger

sample size, it is possible that virtual care might outperform in person

care. Virtual care became primarily used for communication while the

population was in pandemic lock down(s), and it is possible that this

allowed certain highly motivated patients to focus on weight loss,

more so than care being in person. The other possibility is that the

shift to virtual care may have excluded patients who would have

been less successful in the program. This data set was not able to

elucidate these aspects; therefore, further studies are needed to

tease this out.

Virtual care does have some drawbacks, however. Interacting

with providers only at a distance might make patients have more

trouble forming a strong connection.23 Additionally, older adults may

have more difficulty accessing virtual care if done through online

videoconferencing.24 Other barriers, such as digital literacy or so-

cioeconomic status, might make virtual care less effective for some

patients.25

There was a trend, that did not reach significance, for males to

achieve more weight loss than females. This has been seen in some

studies,26 but not all.22,27 Reassuringly, no significant differences

were found for weight loss between those that had some common

weight related comorbidities (diabetes, coronary artery disease,

obstructive sleep apnea) and those that did not.

Regarding medications, it was looked at if being on certain medi-

cations at the start of the program led toworse weight loss. It is known

that medications such as beta blockers28 or most psychotropic medi-

cations29 can cause weight gain. This was not found to be significant in

this study. However, others, such as GLP‐1‐RA30,31 or bupropion/

naltrexone‐bupropion29,30 can cause weight loss. In this data, being on

a GLP‐1‐RA at the start of the program was significantly associated

with less weight loss, while being on bupropion trended toward less

weight loss. This is contrary to the expected result as hunger modu-

latory medication therapy is thought to assist FMR ILI programs, as

improved hunger control should lead to improved adherence to the

FMR protocol. However, it is also possible that patients on these

medications prior to the program already experienced a significant

TAB L E 6 Regression analysis for continuous variables.

Variable
Least square mean from
model age mean p‐value

Age 14.29 0.174

Years since peak

weight

Years mean p‐value

9.61 <0.0001

Starting HbA1C HbA1c mean p‐value

16.63 <0.0001

Starting BMI BMI mean p‐value

14.29 0.7168

Classes attended

total

Class attended mean p‐value

14.35 <0.0001

Note: Bolded values indicate statistical significance with p < 0.05.

Abbreviations: BMI, Body Mass Index; HbA1C, Hemoglobin A1C.

TAB L E 7 Virtual versus In Person.

Virtual In person Odds ratio p‐value

Classes attended 22.5 (2.7) 19.1 (3.9) <0.0001

Weight loss ≥5% 96.1 91.8 2.2 (0.5–9.9) 0.3003

Weight loss ≥10% 82.4 73.8 1.7 (0.8–3.7) 0.2084

Weight loss ≥15% 58.8 40.4 2.1 (1.1–4.0) 0.0194

Weight loss ≥20% 29.4 18.0 1.9 (0.9 to 3.9) 0.0757

Note: For classes attended, data presented as a mean with a standard

deviation. For Weight Loss categories, data is presented as a percentage

who achieved that threshold of weight loss. Odds ratio is presented with

95% confidence intervals. Bolded values indicate statistical significance

with p < 0.05.

F I GUR E 2 Percentage of participants who
achieved weight loss thresholds.
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weight loss, which could lead to less weight loss with a secondary

intervention, such as meal replacement. Finally, being started on a

medication for weight management during the program was not

associated with more weight loss. One explanation for these findings

could be that patients had more resistant obesity, as the medications

were started most typically for inadequate weight loss trajectory.

Previous studies examining the effect of medications on ILI programs

are limited. In LOOKAHEAD, patients whowere started onOrlistat as

a response to lower than goal weight loss actually experienced less

weight loss than predicted.32 A more recent study from 2020 with a

milk‐based FMR did show that 14 of 18 patients on GLP‐1‐RA were

able to stop them by program completion.33 This could suggest that

GLP‐1‐RA use was not felt to be contributing to weight loss in those

patients. More studies are needed to determine the interaction be-

tween weight loss medications and ILI.

Agewas not found to be a significant predictor ofweight loss in the

data. This does differ from prior studies showing older adults losing

more weight.26,27,34 It was also shown that having a lower HbA1C level

was associated with better weight loss. This was a different finding

than a previous study involving a publicly funded program at the

Ottawa Hospital.10 The study did find that a longer time since patients

were at their peak weight was associated with less weight loss. The

time since peak weight is not typically reported in weight loss trials. A

reason thismight impactweight loss could be ametabolic adaptation. It

has been shown that weight loss can reduce energy expenditure and

resting metabolic rate.35,36 One possibility is that due to a longer time

passing since the patients had reached their highest ever weight, their

metabolism may have slowed more than patients at their peak weight,

rendering further weight loss more difficult.

This study has limitations, one of which is its nature as a retro-

spective cohort. The study was inappropriately powered to track

incidence rates of rare obesity‐related health factors, for example,

impact of prior bariatric surgery or impact of eating disorders.

Another weakness is that weights were measured at the clinic during

the in‐person cohort on a calibrated accurate clinic scale, but were

self‐reported during the virtual cohort from non‐regulated at‐home

scales. This also raises the issue of reporter error in the virtual sys-

tem. It has been seen that self‐reported measurements tend to over‐
report height and under‐report weight.37,38

This study does show that virtual programming offers effective

weight loss. There are previous studies showing the effectiveness of

virtual weight management programs,39,40 including those showing it

was equivalent to in person visits.20,21 It remains to be seen if virtual

care may become superior to in person for weight management. To

better understand if virtual care may be preferable to in person care,

more randomized studies must be performed.

5 | CONCLUSION

Community FMR ILI with Optifast® 900 was effective at achieving

clinically significant weight loss. This study supports the use of a

virtual environment to deliver such a program. More research and

dedicated studies must be performed to determine if virtual pro-

grams might be superior to in person programs for the average

patient.
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