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Summary

Objective

Minimal risk weight loss tools are needed. This study’s objective was to confirm Food
and Drug Administration submissions of the SmartByte™ System’s safety and efficacy.

Methods

This 16-week, prospective, single-arm, four-centre, observational study assessed the
oral device in combination with a video-delivered lifestyle programme in adults aged
18–49 years with body mass index 27 to <35 kg m�2.

Results

Seventy-six subjects received the device and video lifestyle instruction. The prespecified
per protocol (PP) population (N = 40) required sensor-verified use of the device ≥7 times
per week for 14 of 16 weeks, overall device usage rate of ≥33% and study completion. At
week 16, 12 (30%) achieved ≥5% weight loss, 16 (40%) achieved ≥4% and 21 (52.5%)
achieved ≥3%. Week 16 mean loss for the PP population was 2.93%, and among
36 participants who did not meet PP criteria, it was 1.45%. Among 76 intent-to-treat
subjects, two subjects reported three mild to moderate device-related adverse events,
resolving spontaneously (one hard palate abrasion and two tongue lacerations).

Conclusion

The System, a minimal risk tool, can help individuals achieve meaningful weight loss,
when used with a lifestyle video. More frequent device use was associated with more
weight loss, on average, and greater chance of achieving ≥4% or ≥5% weight loss.

Keywords: SmartByte device, weight loss device.

Introduction

The epidemic of obesity and its health consequences (1–3)
and the difficulty of achieving and sustaining weight loss
(4,5) mandate a need for effective, low risk, low cost tools
that can be applied in primary care settings to help
patients safely achieve meaningful weight loss. A new
device takes advantage of the physiologic and biologic
changes that occur when the oral cavity is limited in size,
resulting in smaller bites, more oral processing and
slower rate of food intake. As evidenced in the literature,
individuals who eat their meals quickly tend to consume
larger meals (6,7), which can disassociate satiety from
the amount of food consumed (8,9), which often leads

to over-eating (10) and higher body mass index (BMI)
(11,12). Conversely, slowing food consumption has been
shown to reduce food intake, hasten satiety and support
weight loss in individuals with overweight and obesity
(9,13,14).

The SmartByte™ system (Scientific Intake, Inc., Atlanta,
GA [Lawrence, MA], USA) is a non-invasive, clinically
validated, removable medical device (only placed
when eating) designed to slow the eating rate by
reducing the volume of the oral cavity and support
mindful eating, with the goal of reducing calorie intake
to achieve sustained weight loss. It is fitted to each
individual and worn in the upper palate while eating. The
device is derived from an earlier prototype, Sensor
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Monitored Alimentary Restriction Therapy (SMART).
The device contains an embedded heat sensor chip
that provides downloadable data to confirm use and
time of use.

Earlier studies including a food intake laboratory study
and a clinical observational study have shown that use of
the SMART™ device reduces acute food intake (15) and
can produce total body-weight loss (TBL) (16). In the
study of acute food intake (15), after a habituation
day and baseline day, subjects randomized to the
device consumed significantly fewer calories over
three test meals compared with control subjects (daily
caloric reduction of 22.9%, on average, for device
using participants vs. 5.1%, on average, for control
condition, p < 0.05). For individuals who used the
device, there were no changes in hunger or satiety
measures, despite reduction in energy intake (15).
Another study with the device observed weight loss
over 16 weeks in 20 adults with BMI 27.0–33 kg m�2

(16). For the 16 participants who completed 16 weeks,
mean weight loss was 5.9 ± 0.9 kg (6.4% ± 1.0%,
p < 0.001). Subjects reported that, over time, they made
conscious efforts to slow their eating rate, regardless of
device use.

The device was further modified and, as the SmartByte
system, was tested in a controlled, randomized, prospec-
tive, open-label, 16-week study in 173 individuals with
BMI 26–36 kg m�2 (17). There were 102 individuals
randomized to the device and a lifestyle intervention
instructional video and 71 received the video instruction
alone. Mean weight loss was 1.65% in the device users
and 0.36% in the control condition (p = 0.025) (17).
However, overall adherence was poor. As shown in
Figure S1, there was a direct relationship between device
usage and weight loss. This indicates that mean weight
loss was affected by adherence. A post hoc analysis of
per protocol (PP) device use (attendance at four of seven
study visits and use of the device for at least 33% of
eating episodes) showed that for 41 participants in the
device group meeting requirements, mean weight loss
was 4.39% and among 67 in the control group was
�0.29% (p < 0.0001). The profile of device-related
adverse events showed two reports of gum irritation,
two reports of transient choking, one activation of gag
reflex and one gum irritation, all of which resolved sponta-
neously (17). Because of the favourable safety profile and
evidence that the device could produce weight loss, if
used as directed, the Food and Drug Administration
(FDA) requested further observational evidence of device
efficacy and safety, and the study reported here was
undertaken. This paper describes a confirmatory study
required by the FDA to further assess the impact of
device use over 16 weeks in adults with overweight and

obesity in the USA. The device received FDA clearance
in September 2016 (18).

Materials and methods

Study design

This 16-week, prospective, single-arm, four-centre,
observational study assessed the impact of the
device as a tool used in combination with a lifestyle
programme delivered by video among a population aged
18–49 years with overweight and less severe obesity
(class 1). The objective was to enrol an additional 70 or
more participants (as recommended by the FDA) to
confirm the efficacy and safety of the device. The study
was performed in accordance with the Declaration of
Helsinki and approved by a central institutional review
board, Quorum Review. Start date: March 2014. Study
completion: January 2015.

Subjects

Seventy-six subjects were enrolled in the study.
Inclusion criteria were as follows: age 18–49 years;
BMI 27–35 kg m�2; self-reported stable weight during
the previous 3 months (no fluctuation of 3% or more);
dental check-up within previous 12 months; normal
condition, anatomy and function of the oral cavity as
confirmed by trained healthcare provider; no functional
problems when swallowing solids or liquids; and
agreement to fully follow the study protocol. Exclusion
criteria were as follows: concomitant participation in
formal weight loss programme; clinically significant
disease; history of bariatric surgery; type 1 or type
2 diabetes treated with insulinotropic medication;
tobacco or nicotine gum u; or any of conditions in the
oral cavity that would preclude fitting and wearing the
device. Written and verbal informed consent was
obtained from all subjects. All subjects received financial
compensation for their participation and completion of
the study.

Study device

The removable device (placed only when eating) is
depicted in Figure 1. The device is composed of biocom-
patible materials that are moulded to fit an individual’s
palatal contour; soft edges facilitate a comfortable fit. A
small, proprietary sensor is embedded within the device
to precisely measure the times, frequency and duration
of device use at 5-min intervals. Data are downloaded
for review.
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Procedures

The study included two screening visits, a run-in visit,
run-in/pre-baseline visit, baseline visit and study visits
every 2 weeks for up to 16 weeks, including the end-of-
study visit scheduled for week 16 (visit 13).

At screening visit 1 (�28 d), a trained clinician (MD, DO,
NP or PA) collected a medical history, performed a
physical evaluation (including weight measurement) and
conducted an oral evaluation of each subject to deter-
mine compatibility with the device. The clinician first
confirmed that each subject was under the regular care
of a dentist and did not have dentures, braces, a
removable appliance (e.g. bridge or partial), a known
allergy to the mould material or any condition that would
make placement and removal of the device difficult.
Clinicians were trained according to a robust in-house
protocol that included detailed instruction regarding oral
health assessment and mould forming and inspection.
At the second screening visit, eligibility was reconfirmed,
physical measurements (height, weight, etc.) were taken
and a palatal mould used for device fabrication was
created for each eligible subject. At the second screening
visit, of 130 participants, 94 were deemed eligible for
device usage.

The run-in period began at visit 3 (day �12) at which
time subjects received their device. The clinician exam-
ined and confirmed the fit of the device in the oral cavity.
Subjects were instructed to use the device during every
meal and every snack as well as during the consumption

of sugar-sweetened beverages during the run-in period.
Subjects were instructed to remove and store the device
in the provided protective case when not in use. Subjects
returned to the clinic at visit 4 (day �6), sensor data were
downloaded and subjects reported the number of meals
consumed. Patients with confirmed use of the device dur-
ing at least one eating episode per day (from sensor data)
and 66% of eating episodes (sensor data for numerator
and self-reported number of meals for denominator) dur-
ing the run-in period were then eligible for enrolment in
the study. Of 94 participants, 76 met run-in use criteria
and continued in the trial.

At visit 5 (day 0), subjects returned to the clinic, viewed
an educational DVD video (healthy eating) and were
enrolled in the study. Subjects viewed the video, had
download of sensor usage and were weighed and
assessed medically every 2 weeks for the duration of
the 16-week study period.

Predefined outcome measures

Co-primary endpoints were (1) the proportion of subjects
achieving ≥5% TBL at week 16 and (2) mean %TBL at
week 16 weeks compared with visit 5 (day 0). Exploratory
endpoints included the relationship of device usage to
weight loss. As required by the FDA, the investigators
obtained data on percentage excess weight loss, calcu-
lated as weight lost (numerator) divided by a denominator
composed of the weight at study start minus the weight
projected at BMI 25 kg m�2 and then multiplied by 100.

Safety

Adverse events (any untoward medical occurrence re-
gardless of a causal relationship with the study treatment)
were assessed for the intent-to-treat (ITT) population and
recorded at each visit.

Statistical methods

The initial sample size calculation deemed that 70 sub-
jects who completed the run-in period and baseline visit
would be adequate to evaluate the two co-primary end-
points. This sample size determination was based on
the preliminary studies submitted to the FDA (19). See
Appendix S1 for additional discussion.

Two populations were predefined: ITT and PP. The ITT
population included all subjects who completed the
run-in period, met run-period adherence criteria and
completed the baseline visit. The predefined PP popula-
tion included subjects whose device sensor weekly
downloads demonstrated use of the device seven or
more times during that week and that this occurred for

Figure 1 The SmartByte™ System. The system includes a device
made of biocompatible materials that are moulded to fit an individ-
ual’s palatal contour; soft edges facilitate a comfortable fit. A small,
proprietary sensor is embedded within the device to precisely mea-
sure the times, frequency and duration of device use at 5-min
intervals.
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14 of 16 weeks. Subjects also reported the number of
meals per week, and the sensor verified usage rate had
to be at least 33% of self-reported eating episodes. The
final PP criterion was completion of the study through
week 16. Efficacy assessments of the co-primary and
secondary endpoints were analysed in the PP population.
Safety analyses were based on the ITT population.

Study data are summarized with descriptive statistics.
Means, standard deviations and 95% confidence inter-
vals are reported for continuous variables. Counts, pro-
portions and 95% confidence intervals for proportions
are reported for categorical variables.

Results

Baseline characteristics, adherence and retention

The baseline characteristics of the 76 subjects who were
enrolled (comprising the ITT population) and 40 subjects
who met PP criteria are presented in Table 1. Sixty-seven
subjects completed the last study visit (88%). Seven
subjects withdrew consent, one was lost to follow-up
and one became pregnant. Subject disposition from
screening to conclusion is presented in Figure 2.

Weight change from screening to study start

Mean weight change from screening visit 1 to baseline
visit for the ITT population was a gain of 0.23 kg (standard
deviation 1.26 kg).

Co-primary endpoint analysis, per protocol
population

The mean %TBL at week 16 weeks for the PP population
was 2.93% (confidence interval 1.80, 4.06). Twelve of
the 40 subjects in the PP population achieved ≥5% TBL
at week 16 (range weight loss 5.1–9.1%), representing
30%of the population. The 95% two-sided exact binomial
confidence interval calculated by the Clopper–Pearson
methodwas 0.17–0.47. The trajectory of meanweight loss
over the course of the study for the PP population is
depicted in Figure 3. The categorical weight losses for
the PP population are depicted in Figure 4.

Additional analyses were performed in the PP
population. For those achieving 4% or more weight loss,
mean weight loss was 6.3% ± 1.0% (range 4.3–9.1%).
At 16 weeks, there was mean excess weight loss of
18.76% in the PP population.

Co-primary endpoint analysis, intent-to-treat
population

The mean%TBL at week 16 weeks for the ITT population,
using last observation carried forward, was 2.05%. For
the ITT population, 15 of 76 (19.7%) participants
achieved ≥5% TBL at week 16. For the 36 ITT participants
who were not in the PP population, mean weight loss
at 16 weeks was 1.45%; 6 (16.6%) achieved ≥4%
weight loss (range 4.2–8.4%); 3 (8.3%) achieved ≥5%
weight loss.

Figure 5 depicts a waterfall plot describing the weight
loss (%TBL) for individual subjects, PP and ITT popula-
tions. Among the 40 subjects in the PP population at
16 weeks, 12 subjects (30%) achieved ≥5 %TBL, 16
(40%) achieved ≥4 %TBL and 21 (52.5%) achieved ≥3
%TBL. Data for 7/76 drop outs (ITT) are shown as last
observation carried forward. Although PP was intended
to identify device use and, thus, weight loss success,
Figure 5 demonstrates that even without device use
defined by PP criteria, some participants were successful
with weight loss.

Adherence to device use

The mean percentage of device compliance within the
PP population was 69%, based upon the reported
eating episodes and sensor monitored use throughout

Table 1 Baseline characteristics

Baseline characteristics
ITT population

(n = 76)
PP population

(N = 40)

Gender, n (%)
Male 9 (11.8) 3 (7.5)
Female 67 (88.2) 37 (92.5)

Ethnicity, n (%)
Hispanic or Latino 27 (35.5) 14 (35.0)
Not Hispanic or Latino 49 (64.5) 28 (65.0)

Race* n, (%)
Asian 5 (6.6) 2 (5.0)
Black or African–American 18 (23.7) 9 (22.5)
White 55 (72.4) 29 (72.5)

Mean age,† years (SD) 34.8 (7.9) 36.4 (8.1)
Mean weight, lbs (SD) 188.2 (22.38) 187.6 (19.9)
Mean body mass index,‡

kg m�2 (SD)
31.7 (2.4) 31.6 (2.4)

Mean eating episodes
per day, N (SD)

3.6 (1.1) 3.9 (1.0)

*Subjects may be counted in more than one category.
†Age is derived from the date of informed consent and subject-
reported date of birth. For more detail, please see the Statistical
Analysis Plan.

‡BMI is calculated as (weight in kg)/((height in meters)2). Four ITT sub-
jects having BMI ≤ 35 kg m2 at visit 1 had BMI > 35.0 kg m2

(<36 kg m2) at visit 5.
BMI, body mass index; ITT, intent-to-treat; PP, per protocol; SD,
standard deviation.
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the 16-week study duration. The usage of the device
over time in PP participants and ITT participants who did
not meet PP criteria is depicted in Figure 6. Greater pro-
portional device use in the PP population was observed.

Mean weight loss by study site

Mean weight loss at each research site for the ITT and
PP populations was assessed. For each site, mean
weight losses at 16 weeks in the PP population were
1.4%, 3.6%, 4.8% and 1.75% among 9, 9, 11 and 11
participants, respectively. Among those in the ITT
population, weight losses at each site were 1.59%,

Figure 2 Subject disposition. Screening visit 1 evaluated suitability for device usage. At screening visit 2, a palatal mould was taken, and
subjects could fail to be included because oral conditions were not acceptable. At visit 3, the device was provided, and subjects were instructed
in its use during the trial run-in. Subjects who could not tolerate the device could be excluded. At visit 4, the device was retrieved, and sensor
data confirmed continued eligibility. Subjects who did not meet sensor-verified usage criteria were excluded. At visit 5 (day 0, baseline visit), the
device was reissued to subjects, and lifestyle modification video was viewed. At each study visit subsequently, download of sensor usage,
medical assessment and instructional video were completed by participants. ITT, intent-to-treat.

Figure 3 Trajectory of mean weight loss over the course of the study
for the per protocol population.
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2.49%, 3.41% and 0.87% among 19, 19, 18 and 20
participants, respectively. The finding of greater mean
weight loss at two sites may suggest a site effect, but
the numbers are small.

Safety assessment

During the study, among the 76 subjects, one serious
adverse event (pregnancy) was reported, but was
deemed not device related. There were 12 partici-
pants who reported 24 non-serious adverse events.
Three events (one hard palate abrasion and two
tongue lacerations) were device related. The hard pal-
ate abrasion event was considered non-serious and
moderate in severity. The event was initiated by food
becoming caught in the device. The subject experi-
enced soreness, but no bleeding. The subject did
not use the device for 11 d, but the event resolved

without medical intervention, and the subject resumed
use of the device. There was no recurrence of this
event, and the subject continued to use the device
uneventfully through the end of the study. There were
no negative sequelae from the event, and total weight
loss for this subject was 4.9 %TBL at 16 weeks. Two
tongue lacerations were reported by one subject. Both
events were considered non-serious and mild in se-
verity, and they also resulted from food becoming
caught in the device. The subject attempted to move
the food with her tongue, and her tongue sustained
minor scrapes without bleeding on both occasions.
Both events resolved on the same day without any in-
tervention, and the usage record indicated that there
was no interruption in device usage in either event.
The subject was instructed to remove the device and
wash it should food become caught and not attempt
to manoeuvre the food with her tongue. There were
no recurrences of this event. The subject continued
to use the device regularly, averaging 11.5 uses per
week after the reported events, and the subject also
completed the study achieving weight loss of 3.9
%TBL at 16 weeks.

Discussion

In 2013, an expert panel formed by the National Institutes
of Health addressed five critical questions (20) in obesity,
one of which was, ‘How much weight loss is needed to
produce health benefits?’ The graded evidence state-
ments that resulted from the analyses showed the stron-
gest support for weight loss beginning at 3% (for
glycaemic measures and triglycerides) and 5% (for blood
pressure, HDL and LDL cholesterol) to be considered
clinically meaningful (20). Thus, it is not necessary to
achieve a BMI <25 or even <30 kg m�2 for patients to

Figure 4 Categorical weight losses for the per protocol population. TBL, total body-weight loss.

Figure 5 Individual percentage weight loss (%TBL) at
week 16 for PP and ITT subjects.The individual weight
losses are plotted for those who met PP criteria and those
who did not (black). Participants were more likely to lose
≥3%, ≥4% or ≥5% criteria if they met PP criteria. Still,
some participants who did not meet the usage criteria,
still lose weight at those criteria. ITT, intent-to-treat; PP,
per protocol; TBL, total body-weight loss.
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achieve clinically significant health benefits and to
improve health risk (20).

Analysis of subjects in the Diabetes Prevention Pro-
gram showed a 16% reduction in risk for progression to
diabetes with every kilogram of weight loss (21). Another
study found that achieving 3% TBL produced a 37%
reduction in progression to type 2 diabetes over 4 years
(22). More recently, investigators from the Look AHEAD
study showed that improvement in triglycerides and
systolic blood pressure begins with 2% to 5% TBL (23).

It is difficult to achieve weight loss in routine medical
practice. Brief interventions produce on average 2%
weight loss (24). Still, it is possible to achieve more weight
loss with more intensive approaches. Comprehensive
lifestyle intervention delivered face-to-face in at least 14
group or individual sessions over 6 months, with
follow-up for 1 year, has been endorsed in the Obesity
Guidelines as effective in producing moderate (5% to
10%) weight loss (20). This degree of contact can be
costly, however. Similarly, pharmacologic treatments
such as orlistat, lorcaserin, phentermine/topiramate,
naltrexone/bupropion and liraglutide when added to
lifestyle intervention may produce more weight loss than
lifestyle intervention alone, but all add to costs and may
add adverse events (24). Of course bariatric surgery
produces significant and durable weight loss but is
reserved for more severe and complicated obesity.
(20,25,26) Recently, two new devices, intragastric
balloons, have been approved and marketed in the USA.
This minimally invasive approach uses endoscopic pro-
cedures to place one or more balloons into the stomach,

which distends the stomach, resulting in an early feeling
of satiety when meals are consumed. However, these
devices must be removed after 6 months and adverse
events occurred, and complications have been reported
(19,27–29). These approaches should be viewed as tools
in a toolbox. There is a need for multiple approaches to
help in manage this complex, chronic disease.

In this prospective single-arm study, the investiga-
tors assessed the efficacy and safety of the device
in reducing weight among adults with overweight
and obesity. This study followed on to two prior stud-
ies (15,16) and a randomized trial (17) submitted to the
FDA, and the results of the current study confirm prior ex-
perience (16,17). Importantly, the results confirm early
safety data (16,17). Given that there is a great need for
safe approaches to treatment of patients who would ben-
efit from weight loss, but whose health risk status does
not justify approaches that come with some risk, such
as medications or surgery, lower risk approaches to
weight management are very much needed. Indeed, this
minimal risk approach may be appropriate for patients
with BMI ≥25 but no risk factors, to promote healthy eat-
ing behaviours as recommended by the Guidelines (20).

For a treatment to work, it must be used. In this
study, the investigators sought to replicate the earlier
observation (17) that the amount of device use was
associated with weight loss success in defining a PP pop-
ulation. Our efficacy data did support that individuals who
met the PP criteria had a greater chance of achieving
weight loss than those who did not meet device use
criteria. However, there were some patients who did not

Figure 6 Mean percentage of daily device use based on daily meal episodes: per protocol (PP) and intent-to-treat (ITT). The device sensor was
monitored and compared with the meal diary. The proportion of device use (%) is shown in the figure. The PP definition required sensor-verified
use of the device >7 times per week for 14 of 16 weeks, overall device usage rate of at least 33% of self-reported eating episodes and study
completion.
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meet PP criteria, who lost significant weight. This may
have been the effect of the lifestyle intervention delivered
by video that all participants viewed, or, perhaps, for
some people, minimal use, or use only in situations where
patients are likely to over-eat, may have an effect.

What is the significance of the weight loss ob-
served? In the PP population, over 50% achieved re-
ductions in total body weight (≥3 %TBL) in 16 weeks.
This amount of weight loss has been confirmed in the
AHA/ACC/TOS Obesity Guidelines to be clinically
significant and associated with health risk improve-
ment (20).

The study analysis demonstrates a gradual decrease
in device use over our 16-week study; however, weight
loss became more robust, starting at 8 weeks. Our
findings are similar to the decline in device use seen
in an earlier study by McGee and colleagues (16),
which showed the highest usage during the first 4 weeks
(mean 14 uses per week) and then steadily declined to
seven uses per week by week 16. Importantly, in that
study, subjects reported greater awareness of food
choices, portion sizes and eating rate, and they were less
likely to engage in habitual, emotional or opportunistic
eating (16). Several subjects reported that they would
likely resume intensive device use when needed (16).
These data, and ours, suggest that frequent use of the
device may not be necessary for all individuals. Whereas
some individuals may require more frequent and/or con-
tinuous device use, others may ‘learn’ new eating behav-
iours that can be sustained without frequent use of the
device. These findings are concordant with the behav-
ioural therapies that incorporate mindfulness approaches
to food ingestion (19). Mindfulness describes a diverse
range of practices that emphasize focused attention on
present moment experience without judgement; the use
of the device helps to focus the user on the present mo-
ment process of eating. Slowing the rate of food intake
and longer oral processing are ways for individuals to sa-
vour foods more and potentially eat less. Thus, the
SmartByte device could be a tool to entrain mindful
eating.

Several limitations of the study are notable. The
chief limitation is lack of a control group. In the prior
randomized study of the device submitted to the FDA
(17), the control group viewed a lifestyle video and did
not use a device. In that study, the mean weight loss in
the control group viewing the lifestyle video was only
0.29%. Another limitation is the definition of adherence
used herein. The analysis of the ITT population found six
individuals who showed significant weight reduction,
ranging from 4.2% TBL to 8.4% TBL, but who did not
meet the PP criteria. In addition, there were variations in
weight loss success by study site. Additionally, studies

longer than 16 weeks are needed to evaluate this promis-
ing device.

Despite these limitations, the findings demonstrate the
safety and acceptability of the SmartByte device use. For
patients who use of the device at most meals, there may
be clinically significant weight loss and thus health
benefits. Importantly, as discussed, initial use of the
device may help individuals learn to modify their eating
habits, making continuing use less necessary.

Longer duration studies are needed to further elucidate
the sustainability of the weight demonstrated in this study
and explore the behavioural aspects of device use on
eating habits and dietary modification. In the future, the
authors would like to see studies of the device incorpo-
rated in behavioural programmes targeting mindfulness
and in long-term studies of continuous or intermittent
device usage.

Conflict of Interest Statement

No conflict of interest was declared.

Acknowledgements

D. R., W. L., C. A. and B. B. were responsible for proto-
col design and study coordination. D. R., C. G. P. and
W. L. were responsible for data interpretation, genera-
tion of figures and writing the manuscript. All authors
reviewed, edited and approved the final manuscript.
D. R. is the guarantor of this work and, as such, had full
access to all the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of
the data analysis.

Funding

Scientific Intake provided funding for the study, data anal-
ysis and development of the manuscript.

Trial Registration

NCT02119299 (www:clinicaltrials.gov)

Disclosure statement

D. R. reports personal fees and other from Scientific
Intake during the conduct of the study; and personal fees
from Baro Nova, personal fees from Eisai, personal
fees and other from Novo Nordisk, personal fees from
OREXIGEN, personal fees from Merck, personal fees
from Janssen, personal fees from Kwang Dong, personal
fees from Gila Therapeutics and personal fees from Real
Appeal outside the submitted work. C. G. P. reports con-
sulting fees from Scientific Intake. W. L. is an employee of

Obesity Science & Practice Oral device for weight management D. H. Ryan et al. 59

© 2017 The Authors
Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice

http://clinicaltrials.gov


Scientific Intake. J. D. reports consultancies with Bariatric
Advantage, Apollo Endosurgery, Medtronics, I Nova,
Novo Nordisk and Nestle Health Science and, in addition,
fees from Scientific Intake during an earlier study. C. A.
reports personal fees from Scientific Intake during the
conduct of the study; and personal fees from
Nutrisystem, personal fees from Zafgen, personal fees
from Sanofi-Aventis, grants and personal fees from
Orexigen, personal fees from NovoNordisk, grants from
Aspire Bariatrics, grants and personal fees from GI Dy-
namics, grants from Myos, grants and personal fees
from Takeda, grants and personal fees from Gelesis,
other from Science-Smart LLC, personal fees from
Merck, personal fees from Johnson and Johnson,
grants from Vela Foundation, grants from Dr. Robert
C. and Veronica Atkins Foundation, grants from Coher-
ence Lab, grants from Energesis and grants from
PCORI outside the submitted work. B. B. reports other
from Scientific Intake during the conduct of the study;
and grants from Abbott, grants from Becton Dickinson,
personal fees from Adocia, grants from DexCom, grants
and personal fees from BI/Lilly, grants from DexCom,
grants from GSK, grants and personal fees from
Janssen, grants from Lexicon, grants and personal fees
from Medtronic, grants and personal fees from Sanofi
and personal fees from Astra Zeneca outside the sub-
mitted work.

References

1. Flegal KM, Carroll RJ, Kuczmarski RJ, Johnson CL. Overweight and

obesity in the United States: prevalence and trends, 1960–1994. Int

J Obes (Lond) 1998; 22: 39–47.
2. Ng M, Fleming T, Robinson M, Thompson B, et al. Global,

regional, and national prevalence of overweight and obesity in

children and adults during 1980–2013: a systematic analysis for

the Global Burden of Disease Study 2013. Lancet 2014; 384:
766–781.

3. Centers for Disease Control and Prevention. National Center for

Health Statistics: obesity and overweight. https://www.cdc.gov/

nchs/fastats/obesity-overweight.htm.

4. Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and

management of obesity. N Engl J Med 2017; 376: 254–226.
5. Bray GA, Frühbeck G, Ryan DH, Wilding JP. Management of obe-

sity. Lancet 2016 May 7; 387: 1947–1956.
6. de Graaf C. Texture and satiation: the role of oro-sensory exposure

time. Physiol Behav 2012; 107: 496–501.
7. Forde CG, van Kuijk N, Thaler T, de Graaf C, Martin N. Oral pro-

cessing characteristics of solid savoury meal components, and re-

lationship with food composition, sensory attributes and expected

satiation. Appetite 2013; 60: 208–219.
8. Ferriday D, Forde CG, Martin N, et al. Exploring relationships be-

tween expected satiation, eating topography and actual satiety

across a range of meals. Appetite 2013; 71: 474.

9. Zandian M, Ioakimidis I, Bergh C, Brodin U, Sodersten P. Deceler-

ated and linear eaters: effect of eating rate on food intake and sa-

tiety. Physiol Behav 2009; 96: 270–275.
10. Zandian M, Ioakimidis I, Bergh C, Sodersten P. Linear eaters turned

decelerated: reduction of a risk for disordered eating? Physiol

Behav 2009; 96: 518–521.
11. Leong SL, Madden C, Gray A, Waters D, Horwath C. Faster self-

reported speed of eating is related to higher body mass index in a

nationwide survey of middle-aged women. J Am Diet Assoc 2011;

111: 1192–1197.
12. Maruyama K, Sato S, Ohira T, et al. The joint impact on being

overweight of self reported behaviours of eating quickly and eating

until full: cross sectional survey. BMJ 2008; 337: a2002.
13. Angelopoulos T, Kokkinos A, Liaskos C, et al. The effect of slow

spaced eating on hunger and satiety in overweight and obese pa-

tients with type 2 diabetes mellitus. BMJ Open Diabetes Res Care

2014; 2: e000013.
14. Ford AL, Bergh C, Sodersten P, et al. Treatment of childhood obe-

sity by retraining eating behaviour: randomised controlled trial. BMJ

2009; 340: b5388.
15. Walden HM, Martin CK, Ortego LE, Ryan DH, Williamson DA. A new

dental approach for reducing food intake. Obes Res 2004; 12:
1773–1780.

16. McGee TL, Grima MT, Hewson ID, Jones KM, Duke EB, Dixon JB.

First Australian experiences with an oral volume restriction device

to change eating behaviors and assist with weight loss. Obesity

(Silver Spring) 2012; 20: 126–133.

17. De Novo Classification Request For Sensor Monitored Alimentary

Restriction Therapy (SMART) Device. URL https://www.

accessdata.fda.gov/cdrh_docs/reviews/DEN150033.pdf [accessed

August 6, 2017]

18. Department of Health and Human Services. Office of Device Eval-

uation, Center for Devices and Radiological Health. URL https://

www.accessdata.fda.gov/cdrh_docs/pdf15/DEN150033.pdf

[accessed August 6, 2017]

19. Rogers JM, Ferrari M, Mosely K, Lang CP, Brennan L. Mindfulness-

based interventions for adults who are overweight or obese: a

meta-analysis of physical and psychological health outcomes.

Obes Rev 2017 Jan; 18: 51–67.

20. Jensen MD, Ryan DH, Donato KA, et al. Guidelines (2013) for

managing overweight and obesity in adults. Obesity 2014; 22:
S1–S410.

21. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the

incidence of type 2 diabetes with lifestyle intervention or metformin.

N Engl J Med 2002; 346: 393–403.

22. Hamman RF, Wing RR, Edelstein SL, et al. Effect of weight loss with

lifestyle intervention on risk of diabetes. Diabetes Care 2006; 29:
2102–2107.

23. Wing RR, Lang W, Wadden TA, et al. Benefits of modest weight loss

in improving cardiovascular risk factors in overweight and obese

individuals with type 2 diabetes. Diabetes Care 2011; 34:
1481–1486.

24. Carvajal R, Wadden TA, Tsai AG, Peck K, Moran CH. Managing

obesity in primary care practice: a narrative review. Ann N Y Acad

Sci 2013; 1281: 191–206.

25. Yanovski SZ, Yanovski JA. Long-term drug treatment for obesity: a

systematic and clinical review. JAMA 2014; 311: 74–86.

26. Courcoulas AP, Christian NJ, Belle SH, et al. Weight change and

health outcomes at 3 years after bariatric surgery among individuals

with severe obesity. JAMA 2013; 310: 2416–2425.

60 Oral device for weight management D. H. Ryan et al. Obesity Science & Practice

© 2017 The Authors
Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice

https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN150033.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN150033.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf15/DEN150033.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf15/DEN150033.pdf


27. Chang SH, Stoll CR, Song J, Varela JE, Eagon CJ, Colditz GA. The

effectiveness and risks of bariatric surgery: an updated systematic

review and meta-analysis, 2003–2012. JAMA Surg 2014; 149:
275–287.

28. Force ABET, Committee AT, Abu Dayyeh BK, et al. Endoscopic

bariatric therapies. Gastrointest Endosc 2015; 81: 1073–1086.
29. Ponce J, Woodman G, Swain J, et al. The REDUCE pivotal trial: a

prospective, randomized controlled pivotal trial of a dual

intragastric balloon for the treatment of obesity. Surg Obes Relat

Dis 2015; 11: 874–881.

Supporting Information

Additional Supporting Information may be found
online in the supporting information tab for this
article.

Supplemental Figure 1. Adherence of participants
to device use. Among 102 subjects who were ran-
domized to device and lifestyle video, mean weight
loss at 16 weeks is displayed by percentage of de-
vice use at meals. Percentage of device use is cal-
culated by comparing sensor monitoring and meal
diary with calculation of percentage of meals used
by each individual. Mean Percent weight change
data shown are last observation carried forward.
Table 1. Summary of Site Poolability by 5% TBL
(PP) [a]
Table 2. Summary of Site Poolability by 4% TBL
(PP) [a]
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