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Introduction
Diabetes mellitus is estimated to impact more 
than 463 million people worldwide, becoming 
one of the greatest risks to public health. Scientists 
predict that this number will grow exponentially 

to 578 million by 2030 and to 700 million by 
2045.1 Specifically in the United States, the 
Centers for Disease Control and Prevention 
(CDC) estimates that 34.2 million people or 
10.5% of the US population has diabetes and 
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Abstract
Background: Intensive lifestyle intervention (ILI) is essential for diabetes management. 
The Weight Achievement and Intensive Treatment (Why WAIT) program is a 12-week 
multidisciplinary weight management program that has been implemented in real-world 
clinical practice since 2005 and has shown long-term maintenance of weight reduction for 5 
and 10 years. During the COVID-19 pandemic, the program went virtual using telemedicine and 
mobile health applications.
Aims: This retrospective pilot study aims to evaluate the effectiveness of a virtual model of an 
already established and successful in-person program for diabetes and weight management 
since 2005.
Methods: We evaluated 38 patients with diabetes and obesity enrolled in the Why WAIT 
program between February 2019 and December 2020. Sixteen participants were enrolled in 
virtual program (VP) and were compared with 22 participants who completed the latest two 
physical programs (PPs) before COVID-19. We evaluated changes in body weight, A1C, blood 
pressure (BP), and lipid profile after 12 weeks of ILI.
Results: Body weight decreased by −7.4 ± 3.6 kg from baseline in VP compared with 
−6.8 ± 3.5 kg in PP (p = 0.6 between groups). A1C decreased by −1.03% ± 1.1% from 
baseline in VP, and by −1.0% ± 1.2% in PP (p = 0.9 between groups). BP, lipid profile, and all 
other parameters improved in both groups with no significant difference between them.
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in improving body weight, A1C, BP, and lipid profile, and in reducing the number of anti-
hyperglycemic medications. Results from our study suggest that scaling the Why WAIT 
program in a virtual format to a larger population of patients with diabetes and obesity is 
feasible and is potentially as successful as the in-person program.
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90–95% of those are affected have type 2 diabetes 
(T2D).2 It is projected that 40 million US indi-
viduals will have T2D by 2030 and 61 million will 
have it by 2060.3 Meanwhile, around 88 million 
adults or 34.5% of the US population are esti-
mated to have prediabetes.2,3 It was estimated 
that the cost of diabetes in 2017 was $327 billion 
with $237 billion in direct medical costs and $90 
billion in reduced productivity.4 Most of the dia-
betes costs are carried out by non-endocrinolo-
gists. It is estimated that 85% of diabetes care is 
primarily delivered by primary care physicians, of 
whom a shortage of 14,800–49,300 is expected 
by 2030.5,6 Furthermore, in 2018, the United 
States had only 7918 endocrinologists, which is 
translated into a ratio of one endocrinologist per 
3800 patients with diabetes.6 In an effort to tackle 
this public health crisis, lifestyle modification in 
the form of dietary intervention and increased 
physical activity are recommended, especially in 
the early stages of T2D. Lifestyle intervention 
programs have demonstrated significant reduc-
tion in incidence of T2D among individuals with 
prediabetes and also resulted in significant 
improvement in cardiovascular risk factors among 
overweight and obese patients with T2D.7–10 The 
landmark Action for Health in Diabetes (Look 
AHEAD) study, which emphasizes intensive life-
style intervention, demonstrated that weight 
reduction improved all cardiovascular risk factors 
except low-density lipoprotein (LDL)-cholesterol; 
however, there was a no significant reduction in 
the incidence of cardiovascular events or mortal-
ity in comparison with standard diabetes support 
and education.9 The lack of difference between 
the two groups was probably related to an 
increased use of lipid-lowering medications and 
antihypertensive medications in the control 
group. We previously showed that intensive mul-
tidisciplinary weight management (IMWM) in 
real-world clinical practice can lead to sustained 
improvement in both A1C and lipid profile 
among patients who achieved ⩾7% weight loss at 
1 year.11 Traditionally, effective lifestyle interven-
tion programs have been conducted in-person. 
However, recent technological advances in digital 
health made it possible to conduct these programs 
virtually during the current COVID-19 pan-
demic. These technologies enhance patients’ 
involvement in their diabetes self-management 
and lifestyle modifications while maintaining  
reasonable communications between patients  
and their healthcare providers using telemedi-
cine platforms.12,13 In addition, telemedicine 

eliminates the need for patients’ commute to 
receive multidisciplinary care. In hospitals and 
clinics, use of telemedicine and mobile health 
(m-Health) was shown to reduce overhead costs 
and few other healthcare expenses.13 The value of 
applying these technologies was obvious during 
COVID-19 pandemic. Fortunately, it provided 
an exceptional opportunity for healthcare provid-
ers and patients alike to experience them.14 
Findings from several studies showed that tele-
medicine and virtual software platforms are con-
venient, safe, and effective methods in providing 
optimal medical care to patients while ensuring 
their safety. They also provided insights to medi-
cal practitioners on how to successfully imple-
ment telemedicine for future health crisis.15 Thus, 
it should be adopted as a proactive measure to 
improve medical care and should be applied dur-
ing the pandemic outbreak and beyond.15–17 This 
pilot study aims to compare the clinical outcomes 
of a virtual approach to IMWM with a classic in-
person physical approach using the same inter-
vention tools and by the same multidisciplinary 
team and whether it is as effective as the in-person 
intervention program in reducing body weight 
and A1C. The primary endpoints are the change 
in body weight and A1C after 12 weeks of inter-
vention. The secondary endpoints include 
changes in percentage of glucose time in range 
(TIR) using continuous glucose monitoring 
devices (CGMs) and changes in blood pressure 
(BP), lipid profile, number of diabetes medica-
tions, and barriers to exercise.

Methods

In-person physical program
Weight Achievement and Intensive Treatment 
(Why WAIT – WW) is a 12-week Intensive 
Multidisciplinary Weight Management (IMWM) 
Program designed and implemented at Joslin 
Diabetes Center in Boston, MA, since 2005. A 
full description of the program was previously 
published.18 The WW program primarily focuses 
on weight reduction as an effective tool for diabe-
tes management. Participants are eligible for WW 
program if they have a body mass index (BMI) 
between 30 and 45 kg/m2 and have either type 1 
diabetes or T2D. WW program usually enrolls 
10–15 participants in a group at a time. 
Throughout the program, participants undergo 
evaluations by an intervention team consisting of 
a diabetologist, a registered dietitian (RD), a 
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registered clinical exercise physiologist (RCEP), 
and a psychologist or behavioral therapist. This 
interdisciplinary team works toward individualiz-
ing patient care in order to achieve an optimal 
weight reduction and improvement in overall 
health. Intervention sessions are conducted 
weekly over 12 consecutive weeks. Each session is 
2 h in length. The five major components of the 
WW program include the following:

Medication adjustments. At the start of the pro-
gram, diabetologists reviews participants’ medi-
cations and work toward reducing or eliminating 
medications known to contribute to weight gain 
or potentially cause hypoglycemia during weight 
reduction. In addition, anti-hyperglycemic medi-
cations known to be weight neutral are main-
tained.19 Finally, diabetes medications that 
promote weight loss may be initiated if covered by 
patients’ insurance plans. Participants are encour-
aged to diligently monitor their glucose levels 
using CGMs. Participants’ glucose logs are 
reviewed weekly by a diabetes nurse practitioner 
or a certified diabetes educator, and anti-hyper-
glycemic medications are adjusted accordingly.

Dietary intervention. Dietary evaluations are con-
ducted by a registered dietitian who evaluates 
participants’ dietary histories, past weight man-
agement efforts, and adherence barriers to previ-
ous dietary interventions. After evaluations, 
participants receive meal plans based on their sex 
and current caloric intake from their 24-h dietary 
recall. These meal plans are based on 1200, 1500, 
or 1800 calorie levels and are assigned to partici-
pants accordingly. All meal plans are developed 
based on Joslin Nutrition Guidelines for obese 
patients with T2D. Meal plans are structured 
such that 40–45% of daily calories are from car-
bohydrates, <35% are from fat with saturated fat 
<10%, protein intake of 1–1.5 g/kg of adjusted 
body weight, and fiber intake of 14 g/1000 calo-
ries.20,21 The WW program utilized diabetes-spe-
cific meal replacements (DSMRs) including a 
choice of BOOST Glucose Control™, BOOST 
Calorie Smart™ (Nestlé Medical Nutrition®, 
Minneapolis, Minnesota, USA) or Glucerna 
Hunger Smart™ (Abbott Nutrition®, Columbus, 
Ohio, USA). DSMRs are used to replace break-
fast and lunch for the first 6 weeks of the program. 
Two snacks per day are advised between meals, 
and these could be chosen from lists of 100-calo-
rie and 200-calorie snacks. Participants are pro-
vided with 17 different menus for dinners. These 

dinner choices adhere to the daily 1200-, 1500-, 
and 1800-calorie meal plans and list the meals’ 
ingredients, nutrition facts, and cooking instruc-
tions. Every meal plan is low in glycemic index 
and low in sodium (<2300 mg/day). Participants 
are urged to keep logs of their daily meals and 
snacks. If participants are unable to achieve 3% 
weight loss by the fourth week or 5% by the eighth 
week, total daily caloric intake is advanced to the 
next lower caloric level. After 6 weeks, menus for 
breakfast and lunch equivalent in caloric content 
and composition to DSMRs are introduced. Par-
ticipants are given the option to continue using 
the DSMRs or use alternative breakfast and lunch 
menus.

Exercise intervention. An individualized exercise 
plan is designed by the program RCEP after eval-
uation of exercise capacity and barriers to exer-
cise. In addition, the RCEP provides specific 
corrective exercises to help with muscle imbal-
ance. Exercise intervention includes a balanced 
mix of aerobic exercise (cross- and interval train-
ing) to promote development and maintenance of 
cardiovascular health; resistance exercise (circuit, 
pyramid, superset training) to enhance muscular 
strength and endurance and to improve perfor-
mance of daily living. The exercise plan also 
includes core stability training to improve trunk 
mobility and stabilization, as well as dynamic and 
static stretching to enhance functional capabilities 
and reduce risk of injury. The exercise intensity is 
set above the minimum required to improve par-
ticipant’s current exercise capacity, but below a 
level that might evoke abnormal clinical symp-
toms. The exercise plan includes a weekly 60-min 
exercise session under the supervision of the 
RCEP. In addition, each participant is given an 
individualized exercise plan, addressing specific 
skeletal muscle issues and diabetes complications 
to perform independently at home. Participants 
are instructed to progress gradually over 12 weeks 
from 20 min of the training plan 4 days/week to 
60 min 5–6 days/week. On completion of the ini-
tial 12 weeks, participants are encouraged to con-
tinue to exercise independently for 60 min/day, 
5–6 days/week and maintain ⩾ 300 min/week 
with focus on preserving or increasing muscle 
mass.

Cognitive-behavioral intervention. Intervention 
sessions focus primarily on self-monitoring of 
eating and exercise, behavioral goal setting, stim-
ulus control techniques, cognitive restructuring, 
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assertive communication skills, stress manage-
ment, and relapse prevention.22–24 These compo-
nents had been previously validated for weight 
management in other clinical trials.25,26 Sessions 
are conducted by a clinical psychologist or a 
behavioral therapist. Sessions are held through-
out the 12 weeks of WW program.

Group education. Throughout the WW program, 
group didactic sessions are held. The topics vary 
each week but are relevant to weight and diabetes 
management. The program’s RCEPs and RDs 
lead these sessions and provide educational hand-
outs to participants at the end of each session.

Virtual program
Group education, intervention, and logging of 
diet and exercise were conducted through a com-
bination of a telemedicine, using the GoToMeeting 
program (LogMeIn Inc., Boston, MA) and 
m-health application of WW program 
(Healthimation Inc®, Boston, MA) with an 
option of using Good Measure m-health applica-
tion for nutrition information, especially for type 
1 patients (Good Measure Inc®, Boston, MA). 
Virtual visits were conducted every Wednesday 
from 3–5 p.m., where participants received a link 
to log-in 15 min before each session. Nutrition 
intervention included review of food logs using 
m-health applications, instruction to participants 
during telemedicine sessions, communication 
with participants in between sessions using the 
chat functionality of WW m-health applications, 
and portal messaging through electronic health 
records. Exercise sessions were conducted virtu-
ally and include demonstration of exercise 
through telemedicine and instructions to follow 
an exercise plan through WW m-health applica-
tions. Through WW m-health applications, par-
ticipants were able to see each type of exercise 
and its duration. Logging of exercise was reviewed 
from the coaching module of the WW m-health 
application. RCEP communicated with partici-
pants in between sessions using the chat function-
ality of the WW m-health applications and portal 
messaging through Joslin electronic health 
records. Participants were instructed to upload 
their CGM data each week using the correspond-
ing web programs (Abbott freestyle Libre® or 
Dexcom®). Glucose data were reviewed weekly 
by the program’s nurse practitioner who adjusted 
anti-hyperglycemic medications accordingly. 
Cognitive-behavioral support was conducted 

through telemedicine and through behavioral tips 
and videos from the WW m-health applications.

Study participants and design
This retrospective study was approved by the 
Committee on Human Studies (CHS) at the 
Joslin Diabetes Center. Sixteen participants were 
included in the virtual version of the program (13 
with T2D and 3 with type 1 diabetes). These par-
ticipants were enrolled as a consecutive series to 
the in-person program. The virtual program (VP) 
was conducted between April 2020 and December 
2020. Twenty-two participants were included in 
the in-person physical program (PP), which com-
prised participants in the last 2 programs before 
the COVID-19 pandemic during the period from 
February 2019 to December 2019.

Study endpoints
The primary endpoints of this study were the 
changes in body weight and A1C after 12 weeks 
of intervention. The secondary endpoints 
included changes in percentage of glucose TIR 
from CGMs, changes in BP, lipid profile, and 
number of anti-hyperglycemic medications. In 
VP only, we compared barriers to exercise after 
versus before the VP. This survey was not part of 
the in-person PP in the past and was only intro-
duced in the VP.

Statistical analysis
Demographic and baseline characteristics were 
evaluated using descriptive statistics. Continuous 
variables are expressed as mean ± standard devia-
tion (SD) or as mean [95% confidence interval 
(CI)]. Categorical variables are expressed as per-
centages. Chi-square test and paired t-test were 
used to compare baseline characteristics and 
within-group differences in endpoints at 12 weeks. 
Unpaired t-test was used to compare quantitative 
differences between the two groups at 12 weeks. A 
p value of < 0.05 was considered statistically sig-
nificant. All analyses were performed using 
STATA Special Edition 15.0 for Windows® 
(StataCorp ®, College Station, Texas, USA 2017).

Results
VP included 16 participants (42% of the total 
WW program participants in this study) and PP 
included 22 participants (58% of the total WW 
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program participants in this study). At baseline, 
participants in the PP were non-significantly heav-
ier than those in VP with an initial average weight 
of 104.7 ± 17.7 kg versus 99 ± 20.8 kg, respec-
tively (p = 0.4), and had non-significantly higher 
mean A1C of 7.9% ± 1.09% versus 7.7% ± 1.3% 
in VP (p = 0.5) (Table 1). In addition, partici-
pants in the PP had non-significantly higher base-
line high sensitivity C-reactive protein (hs-CRP) 
of 7.2 ± 6.2 compared with 3 ± 3.8 in the VP 
(p = 0.09). There were no differences between 
the two groups in other cardiovascular risk factors 
(BP, lipid profile), urinary microalbumin/creati-
nine ratio, or glucose TIR (Table 1).

After 12 weeks, participants in VP lost on aver-
age −7.4 ± 3.6 kg (95% CI, −9.4 to −5.5 kg), 
which corresponds to a weight loss of 7.4% ± 3% 
(p < 0.001 from baseline). Participants in  
PP lost on average −6.8 ± 3.5 kg (95% CI, −8.4 
to −5.3 lbs.), which corresponded to a weight 
loss of 6.4% ± 3% (p < 0.001 from baseline) 
(Table 2). There was no significant difference in 
weight loss between the two groups (p = 0.6) 
(Figure 1).

Glycemic control improved in both groups com-
pared with baseline with an average reduction in 
A1C of −1.03% ± 1.1% (95% CI, −1.6 to −0.4; 
p < 0.05 from baseline) in VP and an average 
reduction of −1% ± 1.2% (95% CI, −1.5 to 
−0.45; p = 0.001 from baseline) in PP. There 
was no significant difference in A1C reduction 
between the two groups (p = 0.9) (Figure 2). 
Glucose TIR was 87% ± 14% at the end of VP 
and 72% ± 23% at the end of PP, with no signifi-
cant difference between the two groups (p = 0.3). 
Patients in VP reported reduced barriers to being 
active from a score of 17.2 ± 12.2 at week 1 to a 
score of 4.6 ± 3.9 at week 12 of the program 
(p < 0.001). Among insulin-treated patients with 
T2D, five patients (50%) in VP and five patients 
(33.3%) in PP stopped insulin at 12 weeks; how-
ever, these changes were not statistically signifi-
cant (p = 0.4). Total daily dose (TDD) of insulin 
decreased significantly in VP from 64.5 ± 66 
units at baseline to 10.6 ± 13 units at 12 weeks 
(p < 0.05) and in PP from 56.5 ± 28.4 units at 
baseline to 27.1 ± 26 units at 12 weeks 
(p < 0.001). The number of anti-hyperglycemic 
medications reduced by 36% ± 28.6% in VP and 
by 28% ± 29.6% in PP (p = 0.4 between them). 
There were no significant changes in BP, renal 
function, lipid profile, hs-CRP, percentage of 

time in low interstitial glucose (<70 mg/dl), per-
centage of time in high interstitial glucose 
(>180 mg/dl), and utilization of antihypertensive 
medications between the two groups at 12 weeks 
(Table 2).

Discussion
Multidisciplinary intensive lifestyle intervention is 
costly and labor-intensive. The WW program, a 
12-week intensive weight management program, 
costs health insurance between $5000 and $7000 
per participant. Although it is the only weight 
management program for patients with diabetes 
that showed sustained weight loss of 6.4% after 
5 years and 6.9% after 10 years,11,27 it is very dif-
ficult to scale it to other patients with diabetes 
who are in dire need for long-term weight man-
agement. Currently, the WW program is only 
conducted at the Joslin Diabetes Center in Boston 
since 2005. This study showed that a virtual ver-
sion of the WW program, using a combination of 
telemedicine and m-health application, resulted 
in similar weight reduction and comparable 
improvement in A1C and other cardiovascular 
risk factors to the in-person PP. It also showed 
that barriers to exercise significantly decreased 
after the virtual WW program. In the virtual ver-
sion of the WW program, participants lost an 
average of 7.4 ± 3.6 kg or 7.4% ± 3% of their ini-
tial body weight, while participants in the in-per-
son physical version of the program lost an 
average of 6.8 ± 3.5 kg or of 6.4% ± 3% of their 
initial body weight. A1C decreased by 
−1.03% ± 1.1% in VP and by −1% ± 1.2% in 
PP. The differences in weight loss and A1C 
reduction were not significant between the two 
groups. Glucose TIR was 87% at the end of VP 
and 72% at the end of PP with no significant dif-
ference between the two groups. These results 
may point to the possibility of scaling this suc-
cessful multidisciplinary program to other patients 
with diabetes who seek weight management, irre-
spective of their location. Despite achieving mod-
est weight loss, previous online versions for 
lifestyle intervention programs showed that adults 
were more likely to enroll but less likely to remain 
engaged when compared with the in-person pro-
grams, thus leading to a lack of comparable effec-
tiveness of the online and in-person lifestyle 
change programs.28 The superior effectiveness of 
the virtual WW program is most likely related to 
the multidisciplinary approach and the unique 
components of the WW program.
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Recent advances in digital health made it possible 
that group intervention can be conducted using 
web or mobile platforms.29 Although physical 
interaction remains an important component of 
any multidisciplinary weight management pro-
gram, digital platforms allow participants to inter-
act within the cyberspace and from the 
convenience of their homes. In this study, logs of 
diet and exercise were captured electronically. 

The m-health applications provided an advantage 
of helping participants to maintain accurate 
records of dietary, exercise, and behavioral inter-
ventions, so participants can review them when-
ever needed. Visual demonstration of each 
exercise and its timing were additional valuable 
tools that might increase patients’ adherence to 
the recommended exercise program to achieve 
similar results. These options were not available 

Table 1. Baseline characteristics of participants in real-world intensive lifestyle intervention.

All participants Physical 
program (PP)

Virtual program 
(VP)

p value*

Age (years) 57.1 (10) 56.3 (10.9) 58.2 (8.9) 0.5

Female sex (%) 52.6 68.2 31.2 0.024

Type 2 diabetes (%) 71.0 63.6 81.2 0.23

Duration of diabetes (years) 17.9 (12.6) 20.2 (15.2) 14.9 (7.4) 0.2

Weight (kg) 102.4 (19) 104.7 (17.7) 99 (20.8) 0.4

Body mass index (kg/m2) 35 (5.7) 36.1 (5.06) 33.4 (6.4) 0.18

A1C (%) 7.8 (1.2) 7.9 (1.09) 7.7 (1.3) 0.5

Systolic blood pressure (mmHg) 129 (14.6) 128.4 (15.8) 129.7 (12.5) 0.79

Diastolic blood pressure (mmHg) 76.2 (10.4) 76.3 (10.8) 76 (9.8) 0.9

Total cholesterol (mg/dl) 153 (30.7) 158.7 (29) 144 (32.2) 0.2

LDL-cholesterol (mg/dl) 82.8 (27.7) 83.4 (28.7) 81.7(27.3) 0.8

HDL-cholesterol (mg/dl) 49.5 (15.2) 51.9 (15.3) 46 (14.8) 0.3

Triglycerides (mg/dl) 176.3 (172) 173 (164.5) 181.1 (189) 0.9

UACR (µg/mg) 118 (257) 107.8 (227.5) 134.4 (314) 0.8

hs-CRP (mg/l) 4.8 (5.3) 7.2 (6.2) 3 (3.8) 0.09

Number of diabetes medications 2.65 (0.9) 2.5 (0.9) 2.8 (0.98) 0.4

Number of antihypertensive 
medications

1.18 (0.98) 1.2 (0.9) 1.06 (0.9) 0.5

Time in range (%) 72 (24) 69 (27) 77 (20) 0.3

<70 mg/dl (%) 2.1 (3.4) 2 (3.5) 2 (3.4) 0.9

>180 mg/dl (%) 15 (18) 15 (15) 15 (21) 0.9

TDD (units) 59.5 (44.9) 56.5 (28.4) 64.5 (66) 0.7

Data are given as mean (SD) or %. hs-CRP, high sensitivity C-reactive protein; HDL: high-density lipoprotein; LDL:  
low-density lipoprotein; p value: PP versus VP; TDD, total daily dose of insulin; UACR, urine albumin-to-creatinine ratio.
*Two-sample t-test or chi-square test.
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Figure 1. Average reduction in body weight in physical versus virtual programs after 12 weeks in a real-
world intensive lifestyle intervention. All participants N = 38, physical group n = 22, virtual group n = 16, 
p = change from baseline between PP and VP.

Figure 2. Average reduction in A1C in physical versus virtual programs after 12 weeks in a real-world intensive 
lifestyle intervention. All participants N = 38, physical group n = 22, virtual group n = 16, p = change from 
baseline between PP and VP.

in the in-person PP, as participants depended on 
their memory for recalling every exercise, espe-
cially those used for strength training.

With the current advances in technology, partici-
pants were provided with cellular-connected 
scales and BP kits that captured vital signs 
remotely, without the need for wired connections 

or manual recordings. CGM software were also 
valuable tools, as remote upload of glucose data 
was easily conducted. These software come as 
standard features of all CGM devices currently on 
the market. This valuable information allowed the 
WW intervention team to adjust anti-hyperglyce-
mic medications with ease on a weekly basis, as 
done in PP. Although CGMs were used in both 
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versions of the program, we noticed that the per-
centage of glucose TIR is trending higher in VP in 
comparison with PP. We think that the ability of 
the WW coaches to electronically chat with par-
ticipants on a continuous basis might help in keep-
ing glucose in range. However, the differences 
between the two groups in TIR, time in low (glu-
cose < 70 mg/dL) and time in high (glu-
cose > 180 mg/dL), were not statistically 
significant. It is known that proper coaching 
enhances weight management, increases adher-
ence to intervention programs, and improves 
patients’ satisfaction.26 Providing coaches with 
virtual and digital tools to easily connect or chat 
with participants during intensive lifestyle modifi-
cation were extremely valuable in VP over PP as 
well as showing superior effectiveness when com-
pared with other online lifestyle intervention pro-
grams.28,30 Meanwhile, m-health applications 
provide coaching modules where coaches can eas-
ily see participants’ progress and monitor their 
level of adherence and compliance. Although 
using technology is still a constant challenge for 
some patients, especially elderly participants, 
proper selection of participants, training them on 
using virtual tools, and frequent troubleshooting 
may overcome this barrier. We started to see more 
participants above the age of 60, who are comfort-
able with using mobile applications and telemedi-
cine, especially during the COVID-19 pandemic. 
Although it has been a challenge to conduct such 
a comprehensive and intensive program in a vir-
tual manner, patients’ safety was preserved during 
the COVID-19 pandemic through this remote 
method. The study has many limitations as the 
sample size was relatively small. However, this 
pilot feasibility study may encourage us to expand 
this method and test it in a randomized-controlled 
study among a larger sample size of patients with 
diabetes in a real-world clinical practice. Some 
limitations in interpreting results between patients 
with type 1 diabetes and patients with T2D is 
related to the frequency of insulin use, which is 
definitely much less in T2D patients, and despite 
the higher percentage of type 1 diabetes in PP, 
there was no significant difference between the 
two groups (p = 0.23). Definitely, the absence of 
personal face-to-face interaction in the clinic will 
remain a drawback of any virtual interventions. 
However, elimination of the complexity of attend-
ing in person at a specific time each week with its 
associated cost, while providing easy communica-
tion tools from the convenience of participants’ 
home may be an equitable trade-off. Evaluation of 

cost-effectiveness of VP and its impact on partici-
pants’ quality of life should be thoroughly investi-
gated in a larger clinical study. Another limitation 
is the inability of participants in VP to come to the 
Joslin gymnasium and use professional exercise 
equipment, especially for interval training. 
However, we mailed participants resistance 
stretching rubber bands to use for strength exer-
cises. Meanwhile, RCEP was able to remotely 
demonstrate all the possible exercises using these 
bands and other available home equipment, such 
as free weights and kettlebells. It was not possible 
to remotely evaluate body composition or meas-
ure amount of visceral fat as we used to do in PP. 
Missing these data was a drawback. In VP, despite 
the elimination of the exercise-capacity testing 
(6-min walk test) as it requires physical presence 
at Joslin, the RCEP was able to capture a lot of 
information regarding skeletal muscle issues and 
worked closely with each participant to address 
specific skeletal muscle injuries such as plantar 
fasciitis, sciatica, and weakness in core stabiliza-
tion. Once the COVID-19 pandemic is over, we 
think a hybrid model may be evaluated for some 
patients, where participants may come for initial 
evaluations and measurements and conduct the 
rest of the program virtually, from the conveni-
ence of their home or work.

Conclusion
Virtual multidisciplinary intensive lifestyle inter-
vention program using telemedicine and m-health 
seems to be as effective as the costly in-person PP 
in improving body weight, A1C, BP, and lipid 
profile, and in reducing number of anti-hypergly-
cemic medications for patients with diabetes and 
obesity. This study may have a significant impli-
cation on how we may conduct multidisciplinary 
intensive lifestyle intervention in the future, as 
technology potentially reduces cost and allows for 
scalability of the program to reach patients who 
are equally motivated but otherwise cannot join 
the in-person for the barriers of distance or other 
personal reason. However, the VP has many limi-
tations; first, it is not suitable for patients who are 
technologically challenged; second, it eliminates 
the essential personal connection; and third, it 
risks that some of the measurements at home may 
not be accurate such as BP values. The virtual 
WW program can be scalable to overweight and 
obese patients with diabetes, irrespective of their 
location, and is potentially as successful as the in-
person WW program.
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