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Abstract

Introduction: Severe obesity is a growing epidemic that causes significant morbidity and mortality, and is particularly
difficult to reverse. Efficacious and cost-effective interventions are needed to combat this epidemic. This study hypothesized
that obese people (body mass index (BMI) >35kg/m?) using a remote weight-loss program combining a mobile applica-
tion, wireless scales, and low-calorie meal replacement would experience clinically significant weight loss.

Methods: This study was a retrospective observational analysis of 8275 individuals with a baseline BMI >35 kg/m” who used a
remote weight-loss program combining mobile applications, frequent self-weighing, and calorie restriction via meal replace-
ment for a minimum of 35 days. Weight changes were evaluated at multiple intervals (42, 60, 90, and 120 days), and weight
loss was evaluated for all and for pre-specified subgroups based on demographic features and frequency of self-weighing.

Results: Mean weight loss at 42 days (N=6781) was 8.1kg (margin of error (MOE) =0.126 kg) with 73.6% of users
experiencing >5% total body weight loss. Both men (9.1kg; MOE =0.172kg; 7.9% from baseline) and women (7.1kg;
MOE =0.179 kg; 7.2% from baseline) experienced significant weight loss. At the 120-day interval (N=2914), mean weight
loss was 14 kg (MOE = 0.340 kg), 13% total body weight loss from baseline, and 82.3% of participants had lost >5% of their
initial body weight. The decrease in body-fat percent correlated well with weight loss (R=0.92; p < 0.001).

Conclusions: In a large cohort of individuals with class Il or Il obesity, a remote weight-loss program combining mobile
applications, daily self-weighing, and calorie restriction via meal replacement resulted in dramatic weight loss among
subjects who were active users when evaluated through a retrospective observational analysis.
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middle-income countries.> Obesity has been linked
to increased risk of cardiovascular disease, diabetes,
and some cancers, as well as an increased overall
mortality**—risks that are further amplified in severely
obese individuals.® Weight loss has been shown to be
effective in reducing the burden of comorbidities
caused or worsened by obesity,” even with as little as
5% body weight loss.®

The current guidelines for obesity management rec-
ommend comprehensive life-style intervention for
patients with class IT (BMI 35-40 kg/m?) and class III
(BMI >40 kg/m?) obesity followed by consideration for
bariatric surgery in those with class Il obesity and
comorbidities or those with class III obesity.’
Unfortunately, life-style interventions in these groups
of patients have been largely ineffective, leaving few
therapeutic alternatives and making many of them
candidates for bariatric surgery. While effective and
relatively safe,' bariatric surgery bears a significant
cost and requires access to a capable medical institu-
tion, limiting its ability to scale effectively.'! It is also
not without risks, including anemia, thromboembo-
lism, re-intervention, and, in rare cases, death.'?

The increasing availability of Internet access
via smartphones affords an emerging avenue for the
treatment of severe obesity. Several smartphone appli-
cations have shown at least some effectiveness
in attaining weight loss in overweight and obese indi-
viduals.">'> Routine weighing with the use of
wireless scales has also been shown to help people
achieve clinically significant weight loss through behav-
ior change.'®!” Unfortunately, there is a paucity of
information on digital health weight-loss interventions
specifically in the severely obese individuals, who are at
highest risk of obesity-related complications.

We sought to investigate weight loss in obese people
(BMI >35kg/m?) participating in a digital health
weight-loss program utilizing a mobile application,
wireless scales, and a nutritional program through a
retrospective observational study.

Methods

MetalWell

The MetaWell program (Weijian Technologies, Inc.,
Hangzhou, PR China) is an entirely remote weight-
loss program, without any face-to-face interaction,
which consists of a free mobile application combined
with wireless home scales and a nutrition program. The
MetaWell application is available on the Google Play
and Apple app stores in multiple languages, including
Chinese and English. Upon download, users are
prompted to register and provide basic demographic
information, including age and sex. They are also

prompted to purchase the program, which includes
wireless scales and six weeks’ worth of meal-
replacement biscuits and available support for US
§770. The wireless scales captures body weight and bio-
impedance measurements, including water content and
fat percent. The program focuses predominantly on
weight loss via diet by providing a low-calorie meal
plan centered on meal-replacement biscuits (MetaWell
biscuits) supplemented with healthy recipes available in
the application. A standard meal plan is initially pre-
scribed via the application, recommending up to three
MetaWell biscuits daily along with a selection of other
recommended foods, with the aim of achieving a neg-
ative caloric balance. Based on weight-loss progression,
the program is individualized to aim for 4 kg of weight
loss per month. If weight loss is achieved too rapidly, a
less rigorous plan is recommended.

MetaWell biscuits are low-calorie, high-nutrition
meal replacements with a low glycemic index.
Nutritional information as well as sample diet plans
provided in the app are detailed in Appendix 1 in the
Supplemental Material. Activity is encouraged during
the program, but no specific exercise program is pro-
vided. Users are prompted by the application to weigh
themselves and simultancously take bioimpedence
measurements on a daily basis via the wireless scales
during their weight-loss program, which lasts for six
weeks or longer. This is subsequently liberalized to
every three days after the weight-loss program and
finally weekly after three months. In the application,
participants can view a record of their weight-loss
progress, as well as a “Health Status Overview” that
provides a snapshot of their current health data and
optimal measures using a goal BMI of 22.0 kg/m?.
Screen captures of the application are presented in
Figure 1. Though not a requirement of the program,
daily urinary ketone measurement is recommended to
users as a means to monitor ketone production.
Participants are instructed to measure each morning,
and the urinary concentration of ketones is measured
on a scale from 0 (0mg/dL), meaning no ketosis, to
4 (160mg/dL), meaning potentially unsafe ketosis,
with a goal of 2 (40mg/dL) to 3 (80mg/dL). If the
ketone measurement is 4, the recommended diet is
adjusted to increase carbohydrate intake. If level 4 is
measured on three consecutive measurements, the user
is recommended to stop the plan and to consume a diet
higher in carbohydrates.

Study protocol

Using a retrospective design, we probed the data to
determine if MetaWell users with an initial reported
BMI >35kg/m? on average achieved weight loss and
if any recorded factors were associated with more or
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Figure 1. Screenshots of the MetaWell mobile application. (a) Home screen of application. (b) Weighing screen, shown as users are
positioned on the scale. (¢ JHealth summary screen, providing measurement data of current session. (d) Record of weight change over

time for an individual user.

less weight loss among program users. A complete,
de-identified record of application users collected by
Weijian Technologies, Inc., was provided for research
purposes. Participants provided electronic consent to
have their data used for research when downloading
the application, which was obtained at their own dis-
cretion from an online app store. Participants had
chosen to be a part of the commercial weight-loss pro-
gram at their own discretion. They received no subsi-
dized products and no financial compensation for the
program. This analysis included adult MetaWell users
in China with an initial BMI of >35kg/m’ from
October 27, 2016, to December 31, 2017. Subjects
also needed to have met a minimum of recorded par-
ticipation, including a baseline weight and a weight at
35 days or beyond. The study design, strategy to ana-
lyze the data, actual data analysis, and the writing of
the manuscript occurred without company input.
Institutional Review Board (IRB) exemption was
obtained via the Mayo Clinic IRB because of the de-
identified data and retrospective observational nature
of the analysis.

The program directs users to start an initial six-week
weight-loss program. However, it was commonly con-
tinued for longer. All users who had weight recorded
both at baseline and at >35 days were included in the
analysis. From this group, users with a weight recorded
in 14-day intervals centered on 42-, 60-, 90-, and 28-day
intervals around 120 days were identified. The sets of

users in each time window were not identical.
Exceptionally high BMI (>80kg/m?) observations
were excluded, as they were presumed to represent
erroneous measurements. Users with a stated age <18
or >100 years were also excluded.

Subgroups were evaluated based on age, sex, base-
line weight status, and frequency of use. The frequency
of use was defined by the number of weights recorded
for each person during each time interval studied divid-
ed by the number of days a person was in that time
period. Tertiles of these frequencies were then made
within the time period to create high, medium, and
low frequency of use categories. We calculated percent
weight loss from baseline, percent excess body weight,
and percent excess body weight lost according to pub-
lished recommendations.'®

Statistical analysis

Means and standard deviations were used to describe
continuous variables; counts and percentages were used
to summarize categorical variables, both across strata
and within stratum. Weight and body-fat percentage at
baseline were determined by taking the median meas-
urements within a three-day period of first user obser-
vation. Measurements at the end of the time intervals
were constructed in a similar fashion but extending the
end window to seven days (or 14 days in the case of the
120 stratum) before or after the end-date mark.
Fourteen days was chosen for the 120 stratum due to
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weighing frequency recommended by the program.
Excess weight was defined as any weight that exceeded
that maximum healthy weight as determined by a BMI
of 23 kg/m? for Asian populations. Spearman correla-
tions were used to assess the association between total
body weight loss and body-fat percentage decrease.
Chi-square tests were utilized to investigate if there
was an average shift in weights from time 1 to time 2
within the stratum, and then further to probe for differ-
ences between men and women, age categories, over-
weight categories, and low-, medium-, or high-
frequency weight recorders.

Results

From the 16,354 individuals with a baseline BMI
>35kg/m?, 8275 (50.6%) had a weight recorded at 35
days or beyond. Of these, 50.5% (n=4179) of the
cohort were females and had mean age of 33.8 years
(standard deviation (SD=9.7 years). The mean base-
line weight was 108kg (SD=14.3kg) with a BMI
of 38.1kg/m*> (SD=2.84kg/m?). A total of 79.5%
(n=16575) had a baseline BMI of 35-40kg/m?, with
20.5% (1700) having a BMI >40kg/m?. Baseline dem-
ographics are displayed in Table 1.

At the 42-day interval, the mean weight loss was
8.1kg (margin of error (MOE)=0.126kg), with
73.6% of users experiencing >5% weight loss from
baseline. Men (9.1kg; MOE=0.172kg; 7.9% total
body weight loss (TWL)) and women (7.1kg;
MOE =0.179kg; 7.2% TWL) both displayed a similar
and significant weight loss. The percentage of body fat
loss (% BFL) was also similar between sexes (men
6.1%, SD=3.7; women 6.0%, SD=4.6). Weight loss
was similar across age groups, with a mean loss among
those aged <30 years, 30-50 years, and >50 years all
between 7.9 and 8.3kg (7.5-7.8% TWL). At the
120-day interval (n=2914), the mean weight loss was
14kg (MOE =0.340kg; 13% TWL; 10% BFL) for men

Table 1. Baseline characteristics.

Age (years), M (SD) 33.8 (9.74)

Female, n (%) 4179 (50.5%)
Baseline weight (kg), M (SD) 108 (14.3)
Baseline BMI (kg/m?), M (SD) 38.1 (2.84)
Obesity class Il (35-40 kg/m?), n (%) 6575 (79.5%)
Obesity class Il (>0 kg/m?), n (%) 1700 (20.5%)

SD: standard deviation; BMI: body mass index.

and 12kg (MOE =0.44 kg; 12.6% TWL; 10% BFL)
for women, respectively. A total of 82.3% of partici-
pants with a measurement at 120 days had lost >5% of
their initial body weight. Cumulative weight-loss data
and % BFL at 42-, 60-, 90-, and 120-day intervals are
shown in Figure 2. At each time interval studied, the
correlation between weight loss and BFL was signifi-
cant (R>0.92; p<0.001).

Increased frequency of use, as categorized by tertile,
was associated with significantly greater weight loss at
each interval studied (Figure 2). At 42 days, the mean
frequency of use for the highest tertile groups was 1.26
weights per day compared to 0.43 weights per day in
the lowest tertile (Figure 2).

Compared to people with a BMI of 35-40 kg/m>,
those with a BMI of >40kg/m> had greater weight
loss at 42, 60, 90, and 120 days (p<0.001) Total
body weight loss, percentage excess weight loss (%
EWL), and % BFL were similar between the groups
at 42, 60, 90, and 120 days. Results are detailed in
Table 2.

The mean duration of use was 118 days (SD=72.5
days) based on the last available weight record. Male
users continued the program for a shorter average
duration (113 days; SD=69.5) than women did (122
days; SD =75.1 days; p < 0.001). The highest frequency
tertile of users continued the program for an average of
161 days (SD=72 days), which was longer than
medium-frequency tertile users (101 days; SD =62.7)
and low-frequency tertile users (92 days; SD=062.5
days; p<0.001).

A total of 2531 (30.6%) participants recorded at
least one urinary ketone measurement during the
study. The group with at least one record made a
mean of 10.8 measurements, of which 48.7%
(n=13,287) were in the goal range (2-3), while 45.2%
(n=12,335) were below goal ketone level (0-1), and
6.1% (n=1664) were unfavorably high (4). Of those
individuals recording a potentially unsafe level of 4,
5.2% (n=86) had it on their last day of record.
Those with at least one ketone recording of 4 lost
more weight on average than those with a ketone read-
ing that never reached 4 (14.88 kg vs. 12.69 kg, respec-
tively; p <0.001).

Discussion

Severe obesity is a growing problem that puts individ-
uals at high risk for obesity-related complications.
In this study, we investigated the use of a novel
smartphone-based program combined with wireless
digital scales and nutritional program in a large
cohort, and we found dramatic weight loss driven by
body fat loss up to 120 days. The program requires no
face-to-face interaction and is widely accessible,
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Table 2. Weight loss and percentage excess weight loss among class Il and class Il obesity.

Baseline
Weight (SD)
% EW (SD)
% BF (SD)
n

42 days
WL (MOE)
% EWL (MOE)
% TWL (MOE)
% BFL (MOE)
n

60 days
WL (MOE)
% EWL (MOE)
% TWL (MOE)
% BFL (MOE)
n

90 days
WL (MOE)
% EWL (MOE)
% TWL (MOE)
% BF (MOE)
n

120 days
WL (MOE)
% EWL (MOE)
% TWL (MOE)

% BF (MOE)

104 (11.8)
37.8 (2.26)
52.2 (7.46)

5361

7.9 (0.138)
20.3 (0.343)
7.6 (0.128)
5.8 (0.103)

4211

9.9 (0.178)
25.4 (0.447)
9.5 (0.147)
7.3 (0.130)

2435

13 (0.288)

32.2 (0.723)
12.1 (0.182)
9.2 (0.208)

2280

13 (0.367)
34.5 (0.915)
13 (0.225)

9.8 (0.261)

122 (14.4)
46.2 (2.76)
64 (8.87)

1420

8.9 (0.304)
16.3 (0.624)
7.3 (0.260)
6.9 (0.267)

1093

11 (0.404)

20.7 (0.794)
9.4 (0.307)
8.8 (0.337)

638

16 (0.665)
28.4 (1.273)
12.8 (0.374)
12 (0.536)

634

16 (0.817)
29.3 (1.518)
13.3 (0.453)

12 (0.638)

% EW: % excess weight; % BF: % body fat; WL: weight loss; % EWL: % excess weight loss; % TWL: % total weight loss;

% BFL: % body fat loss; MOE: margin of error.
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making it a potentially useful strategy to combat severe
obesity in large populations. This study is unique in its
scale, with more than 8000 participants, for a life-style
intervention in severe obesity. The only other similarly
sized studies in severe obesity have evaluated bariatric
surgical procedures. Also notable is the Chinese cohort,
a nation that is home to more than one fifth of the
obese individuals in the world."’.

Management of class II (BMI 35-40kg/m?)
and class IIT (BMI >40kg/m?) obesity is exceptionally
challenging to intervene on effectively.?® As these con-
ditions grow in prevalence worldwide, especially in
lower-resource countries, effective strategies that can
be employed at scale are needed."® The approach stud-
ied herein takes a multi-pronged intervention to treat
severe obesity by employing several components with
documented success: mobile applications,”® frequent
self-weighing,' and calorie restriction via meal replace-
ment.”> Among active users, this program yielded
impressive weight loss, with a mean of 14kg (13%
TWL) at 120 days, and 82.3% of participants losing
>5% of their initial body weight. As a comparator in
the control arm of the Swedish Obesity Subjects Study,
evaluating the effectiveness of bariatric surgery in
severe obesity, the untreated control group lost on
average a mere | kg at six months.>® An intensive life-
style program for severe obesity, with intense face-to-
face interaction, incorporating reduced caloric intake
via meal replacements and increased physical activity
evaluated via a randomized control trial, showed
10.9 kg of weight loss at six months, with 80% achiev-
ing >5% weight loss.** The similar degree of weight
loss raises the potential of a less costly intervention at
achieving clinically significant weight loss for some
users. However, applicability and efficacy across a
broad population requires further study. The addition
of bioelectrical impedance measurements to weight loss
provides important confirmation that a large propor-
tion of the weight loss during the study in all groups
was fat loss as opposed to lean body mass. Bioelectrical
impedance can be inaccurate in single measurements,
but is a useful tool in serial assessments, such as in our
study.?

Frequency of self-weighing has previously been
studied in groups with a larger diversity in baseline
BMI and has been associated with increased weight
loss.?® Our study found similar results, with the highest
frequency tertile losing approximately twice the weight
over 120 days of their low-frequency counterparts. This
relationship could be motivational, as those more moti-
vated to lose weight likely weighed themselves more
frequently. Alternatively, high-frequency self-weighing
may have driven a feedback loop of being reminded
about current weight more frequently and increasing
motivation. Further work is needed to parse this

relationship and to determine any causality so that it
can be exploited to increase likelihood of success in
achieving weight loss.

The use of a meal-replacement biscuit as a part of
the prescribed weight-loss program is notable. Its direct
contribution to the observed weight loss is unable to be
determined at this time. However, previous work has
shown meal replacements to be a viable strategy for
both weight loss and weight-loss maintenance.>”*3
Future studies directed at comparing the weight-loss
program with the nutritional biscuit versus a diet
based on real food would be useful.

This initial observational study shows excellent
short-term weight loss among individuals actively
engaged in this remote weight-loss program.
However, the number of participants actively engaged
in this program at 120 days represented 35% of initial
participants. Further investigation is warranted to
identify factors that would enhance participant engage-
ment in order to increase the number of individuals
that achieve clinically significant weight loss. A ran-
domized clinical trial of longer duration is warranted
to confirm these findings and to explore the impact on
long-term weight maintenance further. Investigation
into a more diverse cohort of severely obese individuals
would also be warranted to examine the effects in other
patient populations. The remote, easily accessible
nature of the intervention makes further large-scale
studies in these contexts feasible, with the possible
addition of relevant demographic information and
medical comorbidities, as well as remotely collected
data such as activity, specific meal replacement use,
or blood pressure.

Limitations

This study is limited by its observational design, which
does not allow for a casual association between appli-
cation use and weight loss. The use of a smartphone
application for data collection through the study pro-
vides an important and evolving avenue for clinical
research. It is notable that the safety and confidentiality
of application use appears reliable. However, contin-
ued monitoring is warranted. The limited demographic
information available in this study limits generalizabil-
ity of the results. The inclusion criterion to have
recorded weights for at least 35 days introduces moti-
vation and participation bias, as this cohort represents
a group of probably more motivated individuals. More
than half of the individuals with access to this tool did
not fully engage in its use, limiting applicability.
However, it is not unusual for weight-loss clinical
trials to have run-in periods to preselect individuals
who may be more compliant with the therapy under
study. The lack of comparison to a control group is a
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limitation because we cannot rule out confounding var-
iables that may account for the results reported. Trials
evaluating weight loss with calorie-restrictive diets have
shown a tendency toward initial weight loss followed
by a plateau.?-*° This study is limited in duration and
unable to account for extended weight-loss outcomes.
We are also unable to capture potential adverse effects
of the dietary intervention implemented, specifically for
those individuals who introduced significant carbohy-
drate restriction and developed subsequent ketosis.
Direct measures of supplement use during the period
studied were unavailable for this study. However, in
the future, they represent an important measure for
the program.

Multiple factors contribute to weight loss,*' but
during this study, only application use was evaluated.
Extended duration of follow-up would allow for fur-
ther investigation into the possible prolonged benefits
of application use. Information gathered for the study
is inherently user generated via the app and thus is
likely prone to some error. Failure to self-report
weight information is likely confounded with weight
loss and is a potential source of bias.

Conclusion

The use of a remote weight-loss program combining
mobile applications, frequent self-weighing, and calorie
restriction via meal replacements was associated with
significant weight loss at three months among active
users. Smartphone based weight-loss programs may
provide an individualized and easily accessible avenue
for weight loss in severely obese patients.
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