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Sabin, RCH Foundation clinical research fellow,1,4 Sandra Hollinghurst, senior lecturer,3 Linda P Hunt, senior
lecturer,1 Julian P H Shield, professor 1,5

ABSTRACT

Objective To determine whether modifying eating

behaviour with use of a feedback device facilitates weight

loss in obese adolescents.

Design Randomised controlled trial with 12 month

intervention.

Setting Hospital based obesity clinic.

Participants106 newly referred obese young people aged

9-17.

Interventions A computerised device, Mandometer,

providing real time feedback to participants during meals

to slow down speed of eating and reduce total intake;

standard lifestyle modification therapy.

Main outcome measures Change in body mass index

(BMI) standard deviation score (SDS) over 12monthswith

assessment 18 months after the start of the intervention.

Secondary outcomes were body fat SDS, metabolic

status, quality of life evaluation, change in portion size,

and eating speed.

Results Using the last available data on all participants

(n=106), those in theMandometer group had significantly

lower mean BMI SDS at 12 months compared with

standard care (baseline adjusted mean difference 0.24,

95% confidence interval 0.11 to 0.36). Similar results

were obtained when analyses included only the 91 who

attendedper protocol (baseline adjustedmean difference

0.27, 0.14 to 0.41; P<0.001), with the difference

maintained at 18 months (0.27, 0.11 to 0.43; P=0.001)
(n=87). The mean meal size in the Mandometer group fell

by 45 g (7 to 84 g). Mean body fat SDS adjusted for

baseline levels was significantly lower at 12 months

(0.24, 0.10 to 0.39; P=0.001). Those in the Mandometer

group also had greater improvement in concentration of

high density lipoprotein cholesterol (P=0.043).
Conclusions Retraining eating behaviour with a feedback

device is a useful adjunct to standard lifestyle

modification in treating obesity among adolescents.

Trial registration ClinicalTrials.gov NCT00407420.

INTRODUCTION

Childhood obesity is increasing almost universally
with little evidence to support any specific treatment
programme. A recent Cochrane review concluded
that there was not enough evidence to recommend

any specific weight management treatment pro-
gramme over another but that combined behavioural
therapy lifestyle interventions seemed to have an
advantage over standard, self care dietary, or activity
interventions.1

The Bristol Care of Childhood Obesity Clinic
(COCO) was established in 1999 and uses simple diet-
ary and activity based lifestylemodification to improve
body composition in obese children and adolescents.2

The clinic has had some success in children, with
improvement in body mass index standard deviation
score (BMI SDS) (mean change in BMI SDS over
12 months −0.3),3 but adolescents have proved more
difficult to positively influence than younger children.
We carried out a randomised controlled trial with a
novel eating device, the Mandometer, compared with
the clinic’s standard care in young people aged 9-17.
The Mandometer was developed at the Section of

Applied Neuroendocrinology and Mandometer
Clinic, Karolinska Institutet, Stockholm, Sweden. It is
a portable weighing scale connected to a small compu-
ter that can generate a graph representing food
removal from the plate, with weight of food (grams)
on the y axis and time (minutes) on the x axis. The
user puts a measured portion of food determined by a
therapist on the scale and the computer records and
displays, in real time graphics, the weight loss from
the plate as the user eats: time zero on the graph effec-
tively displays total portion size. Removing food from
the plate generates a gradually developing line on a
screen that can be compared and matched to a pre-set
eating line displaying the speed at which the therapist
wants the user to eat. Deviation from the training line
by eating too quickly or slowly elicits a spoken request
from the Mandometer to slow down or eat faster. At
regular intervals, a rating scale appears on the screen
and the user rates their level of fullness: from 0 (no
satiety) to 100 (maximum satiety). That rating appears
as a dot on the screen, yielding a “development of sati-
ety” curve and allowing comparison of the develop-
ment of fullness to a “normal” fullness curve again
pre-set on screen. During training the user gradually
adopts a more normal pattern of eating and satiety by
following these training lines and curves (fig 1). A short
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video showing Mandometer training is available at
www.someguys.se/clients/mandolean/mandometer_
popup.html. These methods were developed for treat-
ing eating disorders such as anorexia and bulimia ner-
vosa. A randomised controlled trial estimated a rate of
remission of 75%.4

In 1974 Schachter and Rodin suggested that obese
people eat at an increased rate.5 Experimentally
increasing the rate of food consumption can disassoci-
ate satiety from the amount of food ingested, poten-
tially leading to overeating.6 7 An experimental
increase in the speed of eating in normal weight volun-
teers caused overeating and delayed the development
of satiety, thereby replicating the pattern of eating in a
group of obese patients.8 Our pilot study showed that
obese adolescents eat rapidly.9 Our participants used
the Mandometer to try to reduce food intake and eat-
ing speed so we could determine whether this device
might prove a useful adjunct in facilitating lifestyle
modification.

METHODS

Participants

The study was conducted at a children’s hospital in
England. Eligibility criteria were age 9-<18 at recruit-
ment, BMI >95th centile,10 minimal or no learning dif-
ficulties, no underlying medical problem such as
hypothyroidism, and no medication for insulin resis-
tance. Participants were recruited from new patients
referred to the obesity clinic.

Randomisation

An independent statistician unconnected with clinical
practice used computer generated random numbers
(SAS Proc PLAN, SAS Institute, Cary, NC, USA) to
prepare randomisation lists. The block randomisation
was four (two on standard care, two on Mandometer)
with stratification by sex, age (<12.6 or ≥12.6 and base-
line BMI SDS (2.4-4.0 or >4.0). ALF enrolled the
patients into the study once their eligibility had been
established and assigned patients sequentially accord-
ing to the generated lists.

Intervention

Those in the Mandometer group saw a research nurse,
previously trained in Mandometer technology

(Mikrodidakt AB, Lund, Sweden) at the Mandometer
Clinic, Stockholm, Sweden, initially once a week for six
weeks, every second week for a further six weeks, and
once every sixth week thereafter. The research nurse tel-
ephoned the patients to offer support and encourage-
ment every second week from week 12 onwards.
Dietary advice was provided by a paediatric dietitian
not involved with the standard clinic, based on the
Food Standards Agency “eatwell plate” at www.eatwell.
gov.uk.This educational tool canbeused to improvediet
by encouraging the consumption of starchy foods, fruit
and vegetables, moderate amounts of milk, dairy pro-
ducts, fish and lean meat and small amounts of high fat
and high sugar foods. Recommended portion sizes for
fruit and vegetables are also provided. Participants were
given four dietetic consultations over 12 months. A clin-
ician met the participants every four months, emphasis-
ing the need to change eating habits and improve
physical activity as advocated in the standard clinic.

Mandometer training

During week one, the participant and his or her family
were trained in the use of Mandometer.

Step 1—Test meals on the Mandometer were under-
taken to assess baseline food intake, rate of eating, and
satiety. The test meals were conducted in a clinical
investigations unit with food from the hospital canteen,
and the patients were given complete freedom as to
food choice and portion size.

Step 2—The participant’s eating behaviour was then
compared with previously established normal eating
patterns.4 Individualised training lines for portion
size, eating speed (reflecting weight removal from
plate on y axis), and satiety were then programmed
on to the participant’s Mandometer.

Step 3—The participants were encouraged to eat
their cooked meal (usually the evening meal) once a
day from their Mandometer, matching as closely as
possible their red eating line to the current pre-set
“optimal” eating line. As our pilot study identified
that eating meals at school had proved difficult for
some participants for practical or personal (peer com-
ments) reasonswe advised that they usedMandometer
with the evening meal. Participants had to eat their
Mandometer meal at a table to ensure the scales per-
formed normally.

Step 4—Participants received up to four new training
lines during treatment, effectively reducing the total
portion size (y axis, time 0) and slowing down weight
removal from plate on the y axis (usually completed
within six months of starting) to “normalise” portion
size, eating rate, and satiety response. Treatment
aimed to help the participant to feel “full” after eating
300-350 g of food over 12-15 minutes. Normal weight,
healthy volunteers stop eating and rate their level of
satiety at about 50-60 on the Mandometer rating scale
after eating this amount of food in this period of time.4

There was no prescription for meal composition: indi-
viduals’ food choices were based on their

How full do you feel?

Maximal

Moderate

Nothing at all

DCBA

Fig 1 |Representation of graphics seen on Mandometer screen during training. A—blue training

line presented to user to follow while eating. B—red line develops as food is consumed. In this

case, food is being consumed too quickly and the computer would encourage user to eat a

little slower to approximate red line to training line. C—at regular intervals during meal, user is

asked to rate satiety. D—satiety ratings (green circles) are plotted by computer on screen. User

learns to associate feeling of “fullness” with green dashed S shaped satiety training line. When

user is eating quickly, as in this case, satiety is rated low. Note: no numerical values are

displayed on axes during training
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understanding of healthy eating after nutritional edu-
cation based on the eatwell plate.

Standard care

At the first contact about an hour was spent with each
family discussing the reasons underlying childhood
obesity, its implications, and possible lifestyle mea-
sures that might be associated with an improved BMI.

The clinic was run by a multidisciplinary team com-
posed of a clinician, a paediatric dietitian, and an exer-
cise specialist, all of whom consulted with each family.
Emphasis was placed on implementing changes to
increase levels of enjoyable physical activity to
national recommended levels (60 minutes of exercise
a day) alongside a balanced diet, again based on the
eatwell plate. Families were encouraged to set their
own dietary goals and targets, with practical advice
and guidance from the dietitian. In encouraging activ-
ity the approach was one of facilitation rather than pre-
scription. Motivational interviewing techniques were
used to engage participants and families in the decision
making process for lifestyle changes, which is consis-
tent with self determination principles and is more
likely to lead to responsibility for long term change.11

Families were given further clinic appointments at
three monthly intervals.

Outcomes

Body weight (kilograms) was measured with SECA
scales to one decimal point. Height was measured to
the nearest 0.1 cm with a stadiometer. BMI was calcu-
lated as weight (kg)/height (m)2. Waist circumference
wasmeasured in centimetres to one decimal point with
a standard anthropometric tape at the maximal

circumference. BMI was adjusted for age and sex to
give a BMI SDS with British 1990 growth reference
data from the Child Growth Foundation.10

Our primary outcomewas change inBMISDS at the
end of the intervention (12 months), with further fol-
low-up at 18 months (six months after the end of treat-
ment, with no contact between clinical staff and
participant in that period).
We also had several secondary outcomes. We

assessed change in percentage body fat/body fat SDS
(Tanita Bioimpedence Monitor Model BC-418MA,
Tanita, Tokyo, Japan). The model used has been vali-
dated against more complex investigations to assess
adiposity12 13 and across the pubertal age range.14 Par-
ticipants undertook blinded test meals for assessment
of grams of food consumed, speed of eating, and the
development of satiety in the Mandometer arm and in
a subgroup of the standard arm for comparative pur-
poses, recruited sequentially frommidway through the
study period. Blinding was achieved by not providing
the individualised training lines for portion size and
recommended eating speed, nor any visible feedback
on the computer while the participants consumed their
meal. Thedata on total food consumption in grams and
speed of eating, however, was recorded on the Mand-
ometer device for later analysis.
Fasting glucose and insulin concentrations, lipid pro-

file, and high sensitivity C reactive protein (HsCRP)
weremeasured in the earlymorning after an overnight
fast from midnight at baseline and at 12 months. Insu-
lin resistance was measured by the homeostasis model
assessment (HOMA-R) equation: HOMA-R = fasting
glucose (mmol/l) × fasting insulin (mIU/l)/22.5.15 We
used the paediatric quality of life inventory 4.0
(PedsQL(4.0)16) to measure state of wellbeing or qual-
ity of life. Blood pressure was measured with the parti-
cipant in a seated position in the right arm after a
10 minute rest by manual sphygmomanometry with a
random zero sphygmomanometer.
An experienced endocrinologist pubertally staged17

participants at baseline and 12 months. For analysis
over time we defined puberty both by initial category
and by change in status during the 12 month study
period as pubertal development is associated with
physiological changes in insulin sensitivity.18

Allocated to standard care group (n=52)Allocated to Mandometer group (n=54)

Informed about study (n=115)

Written consent obtained (n=108)

Completed baseline measures (n=108)

Randomly allocated (n=106)

Discontinued standard care (n=7, 13.5%)
and lost to follow-up (n=6, 11.5%)

Discontinued Mandometer
and lost to follow-up (n=9, 16.7%)

Analysed for primary outcome (n=46*);
no exclusions at 12 months

Analysed for primary outcome (n=45);
no exclusions at 12 months

Analysed for BMI SDS at 18 months (n=43)
(6 months after no contact with clinic)

Analysed for BMI SDS at 18 months (n=44)
(6 months after no contact with clinic)

Declined participation (n=7)

Withdrawn because of medical reasons (hypothyroid) (n=2)

Fig 2 | Passage of participants through trial who were analysed for primary outcome variable

(BMI SDS).*Includes one child who had technically dropped out

BMI SDS at baseline
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Mandometer and standard care showing greater improvement

in Mandometer group

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 3 of 7



Sample size

Our power calculation was based on an anticipated dif-
ference in mean absolute fall of BMI SDS at 12 months.
The mean (SD) fall in BMI SDS in a pilot study of seven
adolescents in whom behavioural modification therapy
had failed was 0.17 (SD 0.267).9 We anticipated that
Mandometer should be able to double this fall in new
patients, giving an improvement similar to that we
achieve in prepubertal children (0.34). To yield 80%
power of detecting this reference mean difference (0.34
−0.17), andusinga5% level of significance,weneeded80
children to complete the study (40 in each arm). Recruit-
ment was inflated to reflect withdrawal of participants,
which was 26% in the standard clinic over one year.3

Statistical methods

For the primary outcome at 12 months we carried out
two analyses, one for the intervention group and the
control participants who participated in the whole
12 months study and the second for all participants
who attended for follow-up measures, regardless of
treatment completion, using the last available data for
analysis. As the children who dropped out before
12 months had a slightly higher initial mean BMI
SDS than the others (see below), we used analyses of
covariance to adjust for baseline values in comparisons
between 12 month means.19 We analysed secondary
outcomes only for those who completed 12 months.
Triglyceride concentrations, high sensitivityC reactive
protein, and insulin resistance were positively skewed
and required logarithmic transformation before analy-
sis.We analysed 18month data only for those complet-
ing the 12 month study.

RESULTS

Recruitment occurred between September 2004 and
May 2007. Figure 2 shows a flow chart for participants
in the trial. Outcome measures were collected at base-
line and 12 months. Table 1 shows demographic and
baseline characteristics.

Primary outcome BMI SDS

Of the 91 participants with a 12 month assessment,
those in the Mandometer arm had significantly lower
mean BMI SDS at 12months (table 2 and figs 3 and 4).
The baseline adjusted mean difference was 0.27, 95%
confidence interval 0.14 to 0.41; P<0.001; table 3).
Results were similar when we used all last available
measurements for all patients in the study (baseline
adjusted mean difference 0.24, 0.11 to 0.36; P<0.001)
(tables 2 and 3).

This advantage remained at 18 months, six months
after the end of the intervention: baseline adjusted
mean difference 0.27, 0.11 to 0.43; P=0.001 (table 3).
Repeated measures analysis of variance (not shown)
verified that the group differences did not change sig-
nificantly from12months to 18months (P=0.78 for the
group by time interaction).

Secondary outcomes

Tables 4 and 5 show the results for the secondary out-
comes. Participants in the Mandometer group had sig-
nificantly greater benefits for reduction in body fat
SDS and percentage body fat at 12 months. Confi-
dence intervals indicated that those in theMandometer
group had a significant reduction (45 g, 7 to 84 g; 14%)
in participant determined portion size of test meals at
12 months compared with a non-significant reduction
in those receiving standard care (14 g,−46 to74 g) (6%).
This reduction in portion size at 12 months was not
associated with a significant change in perceived sati-
ety at the end of themeal comparedwith levels at study

Table 1 | Demographic and baseline characteristics of young people seen at obesity clinic.

Figures are numbers (percentage) unless stated otherwise

Standard care (n=52) Mandometer (n=54)

Female 29 (56) 30 (56)

Mean (SD) age, range (years) 12.5 (2.3), 9.1-17.5 12.7 (2.2), 9.0-16.9

Mean (range) BMI 33.1 (24.5-49.7) 34.4 (24.2-46.6)

Pubertal status* at baseline†:

1 19 (37) 20 (38)

2 20 (39) 22 (41)

3 12 (24) 11 (21)

Non-white ethnicity 8 (15) 5 (9)

*Group 1: pre to early puberty (G1-2, testes <6 ml) in boys, prepubertal (<breast stage 2) in girls; group 2: mid-

puberty and in puberty (G3, testes ≥6-25 ml, with height velocity >2 cm/year) in boys, pubertal (≥breast stage 2

with or without menarche in past 2 years) in girls; group 3: postpubertal (testes >20 ml and height velocity <2

cm/year) in boys, postpubertal (post-menarche >2 years and height velocity <2 cm/year) in girls.

†Ascertained for 51 in standard care group and 53 in Mandometer group.
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entry −5.4 (−2.0 to 12.7), indicating that they felt as full
having consumed less food. Six months after complet-
ing therapy, the mean portion size in the Mandometer
group was still reduced by 31 g (−2 to 64 g) compared
with baseline, although this did not quite reach signifi-
cance (P=0.061).
At 18 months, participants’ perceived satiety levels

at the end of the meal in the Mandometer arm, with a
sustained reduction in BMI SDS, were similar to those
at baseline and 12 months (table 5). Those in the
Mandometer group reduced their speed of eating by
11% compared with a gain of 4% in the standard arm,
but confidence intervals did not suggest that the reduc-
tion in the Mandometer arm was significant (table 5).
High density lipoprotein cholesterol concentration
improved significantly (mean adjusted difference
−0.07, −0.14 to −0.00; P=0.043) compared with in the
standard care group. We found no differences in low
density lipoprotein cholesterol concentration, high
sensitivity C reactive protein, insulin resistance, or
blood pressure. Measures of quality of life improved
in both arms during the study, with no significant dif-
ference at 12 months. No adverse events were
reported.

Retraining period

The final training line was achieved at a median of
112 days (interquartile range 32-139). A mean of
three changesweremade to the training linemade dur-
ing therapy (range 1-7).

Compliance

Over the 12 months attendance at the scheduled clinic
appointments was 66% in the standard arm (mean
clinics attended 2.6 of 4) and 81% the Mandometer
arm (mean 2.5 of 3) Participants in the Mandometer
group kept 83% of a maximum 15 appointments with
the training nurse in the 12 months.

DISCUSSION

Main findings

Modifying eating behaviour might provide additional
benefits to standard lifestyle modification in treating
obese adolescents.While it is unknown whether a spe-
cific eating pattern is typical for all obese individuals,6

those in our pilot study ate large portions very fast,9

confirming recent findings in adults20 and
children.21 22 Participants randomised to feedback

therapywith aMandometer achievedgreater improve-
ment in age and sex adjusted BMI and body fat SDS,
having successfully altered portion size without com-
promising levels of satiety comparedwith those receiv-
ing the traditional behavioural modification approach
used in our clinic.3 The weakening of the effect of
reduced portion size six months after therapy suggests
that intermittent short periods of retraining might be
necessary to maintain maximum benefit. The Mand-
ometer group also displayed a greater improvement
in concentrations of high density lipoprotein choles-
terol. The study was powered to observe effects on B
MI SDS, with both arms receiving an active inter-
vention as it was thought unethical to have a formal
control group with no intervention. Variables such as
insulin sensitivity, low density lipoprotein cholesterol
concentration, and self esteem improved in both
groups, concurrent with a reduction in BMI SDS in
both arms. This probably contributed to a lack of
further examples of improvement in metabolic vari-
ables in the comparisons between the groups.

Strengths and limitations of study

We could not blind participants, which might have led
to increased dropout levels for the “non-intervention”
arm. We were unable to determine an adequate
method for blinding within the ethical constraints of
conducting a trial in minors. Retention, however, was
excellent and similar in both groups, and quality of life
measures improved equally, suggesting that bias from
drop out in the standard care arm was not an issue.

Table 2 | Analysis of BMI SDS at end of intervention (12 months) and at 18 months. Figures are means (SD) body mass index standard deviation score (BMI

SDS) unless stated otherwise

Standard care Mandometer

Completed 12 month
assessment per
protocol (n=46)

Dropped out before
12 months (n=6) Combined (n=52)

Completed 12 month
assessment per
protocol (n=45)

Dropped out before
12 months (n=9) Combined (n=54)

Baseline 3.20 (0.45) 3.26 (0.46) 3.21 (0.45) 3.26 (0.55) 3.43 (0.40) 3.29 (0.52)

End of intervention (12 months) 3.07 (0.57) 3.13 (0.52) 3.07 (0.56) 2.86 (0.72) 3.28 (0.63) 2.93 (0.72)

Mean absolute change (95% CI) −0.14 (−0.04 to −0.23) −0.13 (0.17 to −0.44) −0.14 (−0.05 to −0.22) −0.40 (−0.30 to −0.51) −0.15 (0.07 to −0.36) −0.36 (−0.27 to −0.46)

Follow-upextendedto18months 3.07 (0.54; n=43) — — 2.88 (0.74; n=44) — —

Table 3 | Statistics for difference between Mandometer and

standard care in adolescents referred to obesity clinic

Mean difference (95% CI) P value

12 month per protocol*:

Unadjusted 0.21 (−0.06 to 0.48) 0.13†

Adjusted 0.27 (0.14 to 0.41) <0.001‡

12 month combined§:

Unadjusted 0.14 (−0.10 to 0.39) 0.26†

Adjusted 0.24 (0.11 to 0.36) <0.001‡

18 month per protocol*:

Unadjusted 0.19 (−0.09 to 0.47) 0.18†

Adjusted 0.27 (0.11 to 0.43) 0.001‡

*Completed 12 month assessment as per protocol.

†Two tailed Student’s t test.

‡Analysis of covariance.

§Includes those who dropped out.
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Retention of 86% of participants at 12 months com-
pares favourably with other behavioural trials in ado-
lescents, which have reported 30%-47% dropout levels
over a similar time frame.23 24 The difference in out-
comes, to some extent, might reflect the higher inten-
sity of contact that naturally occurred in the
Mandometer group by virtue of the training require-
ments.
This was a pragmatic trial comparing our standard

multi-component clinical service with that of Mand-
ometer therapy. The uncertainty regarding contact
time merits further evaluation as there is some evi-
dence that treatment intensity might affect outcome
in weight loss interventions.25 The participants in the
standard arm in our study, however, maintained their
improvement in BMI SDS six months after therapy,
suggesting that standard care did have an impact, albeit
less effective. A further issue might be that of different

dietitians providing advice to the two arms to prevent
cross contamination regarding the specific eating beha-
viours we were addressing. Both were instructed to
deal solely with dietary issues based on the eatwell
plate, but it is possible their individual approaches dif-
fered. One important issue we were unable to address
was how many times each person in the Mandometer
group actually used this device in the 12 months,
although all were encouraged to use it on a daily
basis. This would have provided extra data that might
have identifiedwhether regular sustained usewas asso-
ciated with a better outcome. With the current Mand-
ometer device collection of these data is now possible.

Comparison with other studies

A one year mean change in BMI SDS of −0.4 for
Mandometer therapy is encouraging as other studies
in the United Kingdom have recorded much smaller
changes over this period,26 27 and these results are an
improvement on adiposity measure outcomes for
those studies used in the recent Cochrane meta-
analysis.23 24 28 Furthermore, the Cochranemeta-analy-
sis in adolescents detected an advantage for beha-
vioural interventions over standard or control care of
BMI SDS −0.14 (−0.18 to −0.10). Again our study
shows encouraging results as the mean difference
between standard care and Mandometer therapy was
−0.27, a differencemaintained sixmonths after the end
of therapy.

A study with a somewhat similar intensity of man-
agement was the residential weight loss programme
run in Leeds.29 Individuals stayed at the “camp” for
an average of 29 days, with a mean reduction in BMI
SDS of 0.28. The Mandometer, however, is provided
at home and allows the family to observe the changes
needed to positively affect weight, which might lead to
more profound long term changes in lifestyle beha-
viours.

The mean change in absolute BMI of 2.1 for Mand-
ometer participants ismore than the 0.55 (noBMI SDS
provided) achieved in a trial in adolescents using orli-
stat over a 12 month period,30 but similar to the results
of a large trial using sibutramine, in which the mean
improvement in BMI over 12 months was 2.9 with 17
points of contact between recruits and the trial team.31

Conclusions and implications

Mandometer therapy, focusing on eating speed and
meal size, seems to be a useful addition to the rather
sparse options available for treating adolescent obesity
effectively without recourse to pharmacotherapy. We
believe that the device addresses a particular aspect of
the eating behaviour associated with obesity—namely,
eating speed—inducing greater “satiety responsive-
ness” as shown by the reduction in portion size deter-
mined by the participants at the end of therapy, with
similar levels of satiety to baseline. We did not use the
Mandometer device as a stand alone approach but
included education regarding nutrition and physical

Table 5 | Change in eating behaviour at baseline and 12 months, with 18 month data for

portion size. Figures are means (SD or 95% confidence interval) unless otherwise specified

Standard care (n=23*) Mandometer (n=44)

Portion size (g):

At baseline 310 (128) 326 (106)

At 12 months 291 (122) 280 (76)

Mean fall 14 (−46 to 74) 45 (7 to 84)

At 18 months 308 (109; n=22) 296 (84; n=43)

Mean fall from baseline 3 (−54 to 60; n=21) 31 (−2 to 64; n=43)†

Eating speed (g/min):

At baseline (range) 29.3‡ (12.5-63.9) 29.8‡ (13.4-90.4)

At 12 month (range) 30.6 (12.3-54.7) 26.4 (10.2-54.8)

Mean ratio 1.04 (0.86 to 1.25) 0.89 (0.77 to 1.02)

Satiety at end of meal (arbitrary units 0-100):

At baseline 65.4 (20.3) 67.4 (17.5)

At 12 months 59.7 (20.1) 62.2 (19.4)

Mean change −4.8 (−6.7 to 16.3) −5.4 (−2.0 to 12.7)

At 18 months 60.4 (21) 64.2 (20)

Mean change from baseline −4.1 (−18.6 to 9.5) −3.7 (−11.2 to 3.8)

*At baseline.

†P=0.061 for change in Mandometer group.

‡Geometric mean and ratio shown since variable was positively skewed; comparisons made on logarithmically

transformed values.

Table 4 | Estimates of body fat at baseline and 12 months. Figures are means (SD or 95%

confidence interval)

Standard care
(n=46*)

Mandometer
(n=43)

Mean difference at 12 months

Standard minus
Mandometer

Adjusted for
baseline

Body fat standard deviation score (SDS):

At baseline 2.73 ( 0.63) 2.82 ( 0.61) — —

At 12 months 2.66 ( 0.66) 2.51 ( 0.71) 0.15 (−0.14 to 0.44);
P=0.31

0.24 (0.10 to 0.39);
P=0.001

Mean fall 0.07 (−0.04 to 0.18) 0.32 (0.22 to 0.41) — —

% body fat:

At baseline 43.0 ( 6.7) 43.5 ( 7.8) — —

At 12 months 41.6 ( 6.9) 38.9 ( 8.5) 2.7 (−0.5 to 6.0);
P=0.098

3.2 (1.4 to 5.0);
P=0.001

Mean fall 1.3 (0.1 to 2.6) 4.6 (3.2 to 5.9) — —

*n=45 at baseline.
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activity, although these aspects were provided equally
to both arms of the study.
Thoughwe explored the use of this device in adoles-

cents, further studies are warranted in younger chil-
dren and adults and as a weight maintenance device
after interventions such as laparoscopic gastric band-
ing surgery, when adjustment of speed of eating and
portion size can be extremely important.32 TheMand-
ometer requires further evaluation in other settings and
with different groups of patients. From the data pro-
vided, short retraining periods might be needed to
maximise benefit in the longer term. Retraining eating
behaviour and reinforcing feelings of satiety, however,
does seem to improveweight loss in obese adolescents.
In broader terms, our study provides additional evi-
dence that interventions specifically addressing eating
behaviours might be useful in obesity therapy.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Adolescent obesity is increasing in prevalence

Speed of eating has been linked to risk of obesity

Few if any interventions have sustained benefit in terms of body mass improvement

WHAT THIS STUDY ADDS

An intervention aimed at slowing down speed of eating and reducing portion size through
retraining eating behaviour is a useful adjunctive therapy to standard lifestyle modification in
obese adolescents

Interventions specifically addressing eating behaviours associated with obesity could
become a valuable new tool in combating obesity
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