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Abstract

The randomized controlled trial evaluated the effectiveness of an intervention based on the Transtheoretical
Model of Change on anthropometric, metabolic and motivational outcomes in obese adolescents. A total
of 135 male and female adolescents were randomized to two groups: intervention group (n=65) and
control group (n=70). The adolescents were evaluated | week before the interventions began and at the
end of 12weeks. There was no statistically significant difference between groups in the outcome variables.
Intervention group reported magnitude of effect more expressive on body mass index percentile, waist
circumference, waist-to-hip ratio, readiness to change diet and readiness to start exercise.
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The growing number of children and adoles-
cents who are overweight and/or obese is con-
sidered to be a serious public health challenge
in this century (Arnold et al., 2016; World
Health Organization (WHO), 2016). The diag-
nosis of obesity is related to body fat mass and
not to weight. The body mass index (BMI),
defined by weight (kg) by height raised to the
second power (m?), is most widely used to
make the diagnosis of obesity. For adolescents,
there are graphs of BMI curves adjusted for age
and gender that represent a trend, that is, a per-
centile. Adolescents with a BMI equal to or
above the 85th percentile are classified as over-
weight, and those with a BMI equal to or above
the 95th percentile are considered to be obese
(De Onis et al., 2007). In Brazil, the prevalence
of obesity in adolescents aged between 12 and

17 years is 8.4 per cent; it is even higher in the
southern region (Bloch et al., 2016). It is known
that this condition is associated with a series of
chronic disorders, especially cardiovascular
diseases (Simmonds et al., 2016).

While obesity can be partly addressed
through interdisciplinary public policies and
interventions, weight loss generally demands
lifestyle changes, healthier eating habits and
regular exercise at school, at home and in the
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general community (Boff et al., 2016; Lobstein
et al., 2015; WHO, 2016; Yanovski, 2015).
Adolescents’ adherence to such regimens, how-
ever, is lower than that of both adults and chil-
dren (Franga et al., 2013). Among the main
causes of non-adherence are psychological and
behavioural factors (De Miguel-Etayo et al.,
2016) in addition to the type of communication
typically used in interventions (Skelton et al.,
2014; Smith et al., 2014; Steinbeck et al., 2009).
Public health interventions for lifestyle change
with this population are usually prescriptive,
that is, health professionals try to impose which
habits should be modified. This approach often
heightens the subject’s ambivalence and makes
him or her abandon efforts to change (Finger
and Potter, 2011). The Change Transtheoretical
Model (TTM) is configured as an alternative to
standard treatment formats. The model is
designed to potentiate the effects of weight loss
interventions by focusing on the ambivalence to
behavioural change and increasing the person’s
internal motivation (Di Noia and Thompson,
2012; Hanetal., 2015; Ott et al., 2015; Pirzadeh
etal., 2015; Wu and Chu, 2015).

Thus, the Modification of Lifestyle and
Cardiovascular Risk (MERC) project was pro-
posed to evaluate an intervention based on
TTM compared to a traditional intervention
offered by the Brazilian public health service
(Ribeiro et al., 2016). Standard Brazilian treat-
ment programmes offer adolescents directive
programmatic structures for accomplishment
of desirable changes with little opportunity to
participate in decisions regarding how those
alterations are made. The intervention evalu-
ated in the MERC project focuses on the indi-
vidual’s motivation to change his or her
lifestyle, considering such elements as the
stages of readiness to change, processes of
change, personal decision-making and
strengthening self-efficacy (Prochaska et al.,
1992). One of the features of TTM, for exam-
ple, is use of the principles of Motivational
Interviews in interacting with the client. Such
approaches provide the adolescent with a
sense of autonomy and can be instrumental in
evoking an intrinsic motivation to change

(DiClemente et al., 2016). Clinical trials that
have used the motivational approach with a
focus on stages of readiness for change
(Gourlan et al., 2013; Kong et al., 2013;
MacDonell et al., 2012; Resnicow et al., 2015;
Walpole et al., 2013) have found a significant
reduction in BMI in obese adolescents. The lit-
erature also shows that interventions based on
TTM cause modifications in dietary patterns
and an increase in physical activity (see Di
Noia and Thompson, 2012; Romain et al.,
2016; Sanaeinasab et al., 2013). Despite these
findings, there are few trials that test TTM
with an obese adolescent population.

The main hypothesis in this study is that an
intervention based on TTM will have the fol-
lowing effects on outcomes:

Primary — motivation for change. Increase
of one point in the continuous variable of
readiness to change for completion of physi-
cal exercise and food intake modification,
increase in self-efficacy for eating habits,
exercise and decisional balance for weight
loss, anthropometric reduction of at least
0.5per cent in BMI and BMI percentile,
reduction of at least 5 per cent in abdominal
circumference and improvement in the
waist-to-hip circumference ratio (WHR).

Secondary — metabolic. Reduction of at
least 20per cent in triglycerides (BT), an
increase of at least 5 per cent in high-density
lipoprotein (HDL), reduction of 5 per cent in
low-density lipoprotein (LDL), reduction of
at least 5per cent at the end of the interven-
tion in insulin resistance (homeostasis
model assessment—estimated insulin resist-
ance (HOMA-IR)) and glycosylated haemo-
globin (HbA 1¢) and improvement in systolic
and diastolic blood pressure.

Psychological functioning. Reduction in
points on the Binge Eating Scale (BES) and
increase in satisfaction with one’s body
image.

The second hypothesis for this randomized
clinical trial (RCT) is that the magnitude of the
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effect of intervention based on TTM will be
larger than the standard intervention for the
above-mentioned outcomes.

Method

Study design

MERC is an RCT carried out in southern Brazil
with approval of the Committee of Ethics in
Research of the Pontifical Catholic University of
Rio Grande do Sul (CAAE: 36209814.6.
0000.5336). The study protocol is registered with
the Brazilian Registry of Clinical Trials (RBR-
234nb5) and the Clinical Trial Registry
(NTC02455973).

Participants

Adolescents who were overweight or obese (BMI
percentile=85), female and male, and aged
between 15 and 18 years participated in the study.
Exclusion criteria were an absolute contraindica-
tion for physical activity, a diagnosis of psychiat-
ric disorder, significant cognitive damage, a
diagnosis of diabetes mellitus type I or pregnancy.
Inclusion criteria were controlled blood pressure
and availability to participate in the programme.

Recruitment

Recruitment of participants took place via
digital media, radio and television. Those
interested were offered mobile contact,
WhatsApp and pages on social networks.
After the initial contact was made, a meeting
took place with parents or legal guardians
along with the adolescents. In this initial
meeting, the objectives of the research were
explained. In addition, all eligibility criteria
were evaluated. Those who met the eligibility
criteria and were interested in participating
were randomized. After randomization, a con-
sent form was read to the caregiver(s) and a
term of assent was read and signed by the ado-
lescent. Participation in the study only
occurred if both the parent(s)/guardian(s) and
the adolescent agreed to it.

Randomization

The students were randomized into two groups:
the Motivational Interdisciplinary Group (IG)
and the Traditional Health Education Group
(CG). To accomplish this randomization,
Software Randomizer (version 4.0) was used
(generating a single block of 156 numbers,
which then was divided into two groups). A
member of the research team was responsible
for blind assignment of each participant to one
of the two experimental groups. The study was
single-blind, as the participants did not know
what treatment they would receive. There were
two versions of informed consent for the two
participant groups (IG or CG). Only the consent
form for the group to which the participant
belonged was read. Thus, he or she was una-
ware that there were two treatment modalities.

Sample size calculation

The sample size calculation was based on the
expectation of BMI variation from a similar
study that found an average reduction of 1.1kg/
m? post intervention, implying a measure of
effect of approximately 0.60 (initial BMI:
37.2+6.0 vs final BMI: 36.1 £6.1). Taking
into account that the effect size per group is
higher with a margin of 40-60 per cent (with a
difference of 0.4 in magnitude of effect measure
between groups) and assuming a significance
level of 5 per cent (¢ =0.05) and a sample power
of 80per cent (1—pf), it was determined that it
would be necessary to have 60 adolescents per
group (120 participants in all) to be able to
detect an effect. Stata software, version 10.1
(StataCorp, 2011), was used to perform this
calculation.

Interventions

Motivational  Interdisciplinary ~ Group  (IG). The
experimental group was composed of 12 meet-
ings held once a week for 1.5 hours over 3 months.
The meetings were conducted by an interdiscipli-
nary team from the MERC project. The meetings
were conducted by one professional from each
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represented area: psychology, nutrition, physio-
therapy, nursing and physical education.

The protocol of 12 sessions was based on
TTM to engender motivation to change eating
habits and initiate the practice of regular physi-
cal exercise through the stages of change, the
processes of behavioural change, and enhanced
decision-making and self-efficacy. All the ses-
sions were structured and a digital resource was
used to communicate in the adolescents’ lan-
guage. Two meetings were held with the teen-
agers’ parents/guardians, one at the beginning
of the intervention (first month) and another at
the end, with the aim of helping the caregivers
motivate their children towards adherence to a
healthy lifestyle. The detailed content of the
two meetings can be seen in the publication of
this research protocol (Ribeiro et al., 2016). The
intervention groups were distributed in five
cycles, each having a duration of 3 months. In
each cycle, a control group and an intervention
group were conducted at the same time.

Traditional Health Education Group (CG). In this
study, the group receiving traditional education
in health was considered the control group. In
the same manner as the experimental group, 12
group meetings lasting 1hour were held once
weekly for 3months. This group was also
guided by a multidisciplinary team composed
of a psychologist, a nurse, a physiotherapist and
a nutritionist. Unlike the IG team, however,
these professionals had no TTM training, nor
did they attend supervisory meetings. Two
meetings with the parents were conducted at the
beginning and the end of the intervention to
guide them in changes to make in feeding their
children and in the adolescents’ physical activ-
ity habits.

As with the IG, the goal of the CG was to
encourage participants to change both their die-
tary habits and physical exercise practices. In
contrast to the experimental group, however, a
directive and non-motivational approach was
used in which the adolescents only received
guidance regarding what they should do for
food intake and physical exercise. Such a pro-
gramme is part of primary health care as

typically offered in the Brazilian public health
system. The guidelines used to evaluate the
health of CG participants were the same as
those in the IG. The difference between the
groups consisted of the TTM intervention in the
IG, an offering that not only allowed greater
interaction between health professionals and
the adolescents but also encouraged the young-
sters’ active participation. More specifics on the
CG sessions can also be seen in the MERC
study protocol (Ribeiro et al., 2016).

Certification of interventionist
treatment

The team that carried out the IG received
8 hours of training in Motivational Interviewing
and 8hours of TTM training. In addition, the
team studied the sessions together step by step
based on the techniques to stimulate the desired
change processes and the change stages elabo-
rated in the model. At the end of the meetings,
the interdisciplinary IG team met with an expe-
rienced and expert supervisor of TTM to evalu-
ate implementation of the protocol and use of
the motivational approach (from listening to
MP3 audio recordings made of the sessions).

Measurements

The evaluations were performed according to
the study protocol (Ribeiro et al., 2016). The
adolescents were assessed 1 week before the
beginning of the groups (baseline) and after
3 months, at least until 2 weeks after the end
of the meetings (follow-up). The evaluations
were made by an interdisciplinary team com-
posed of psychologists, nutritionists and
nurses. Both baseline assessments and follow-
up evaluations occurred over two encounters.
The evaluators were properly trained and
instrumented for the activities. During the
evaluations, they did not know if the evalu-
ated participant was in the control group or
the intervention group.

Demographic variables. Socio-demographic var-
iables were collected through an electronic
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questionnaire using Qualtrics owned by the
PUCRS.

Anthropometric  variables. Body weight was
checked with a Cauduro® scale with capacity up
to 160kg that was properly calibrated with the
participant barefoot and wearing as little cloth-
ing as possible. A vertical anthropometer
(Sunny®) was used to measure height.

BMI for age and height was calculated. This
value, as noted above, is the ratio between the
weight (in kilograms) and height (in metres)
squared (BMI=weight/height?). To calculate the
BMI percentile, the WHO calculator Antroplus
was used (2017 model) (WHO, 2006, 2007, 2008).

Waist circumference (WC) was measured
with the participant standing up, and upon expira-
tion, placing a tape measure through the middle
point between the edge of the last costal arch and
the edge of the anterior iliac crest (WHO, 2008).

Hip circumference (HC) was measured with
the use of a tape measure at the highest point of
the buttocks and the participant wearing as little
clothing as possible (WHO, 2008).

The WHR was calculated by dividing the
measurement of the WC in centimetres by the
measurement of the HC in centimetres (WHO,
2008).

Blood pressure. For measuring blood pressure,
the Omron 705-IT monitor was used. This
device has been validated for use with adoles-
cents, with values established according to rec-
ommendations by the Brazilian Society of
Cardiology (Sociedade Brasileira de Cardiolo-
gia, 2010).

Metabolic variables. Analysis of metabolic vari-
ables was performed with the collected blood
samples. The HDL, TC, TG and glucose analy-
ses were performed by enzymatic reactions
using kits manufactured by Johnson & Johnson
(Ortho Clinical Diagnostics) and applying dry
chemical methodology and the Vitros 750 self-
tester. Fasting insulin and HbAlc were ana-
lysed by chemiluminescence. LDL was
calculated as LDL=((TG/5) + HDL)—CT, and

HOMA-IR was fasting glycaemia X 0.0555 X
fasting insulin/22.5.

Motivational variables. The following instru-
ments were used to evaluate participants’ moti-
vational levels:

Readiness to change diet and readiness to
start exercise. This variable was assessed by
means of an analogical scale that best repre-
sents how ready the participant was to alter
his or her behaviour at that moment
(Velasquez et al., 2001).

Decisional balance (DB). This variable was
assessed through a self-report instrument
that consisted of 20 questions to evaluate
how important, for the subject, decision-
making was in relation to losing weight
(Prochaska et al., 1994).

The self-efficacy to diet and self-efficacy to
exercise. Self-efficacy for healthy habits was
evaluated by means of a question answered
on an analogical scale from 0 to 10. The par-
ticipant was asked to indicate how much he
or she believed in his or her own ability to
maintain a healthy diet and how much he or
she believed in his or her own ability to
maintain a routine of physical exercise.

Motivation to participate in MERC (MPM,).
Motivation to participate in the MERC pro-
ject was measured on an analogical scale
from 0 to 10 points, in which the adolescent
marked the point that represented how much
he or she was motivated at the time to par-
ticipate in the study.

Psychological function. The following measures
were used to assess the psychological status of
the participants:

The Binge Eating Scale (BES). The BES was
developed for screening and assessment of
the severity of binge eating in obese indi-
viduals (Gormally et al., 1982). The BES is a
Likert-type scale consisting of 16 items and
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62 statements that score (from zero to three
points) the severity and frequency of epi-
sodes, the quantity of food ingested and the
degree of emotion involved in an episode of
binge eating.

Body image satisfaction (STUNKART). The
participant’s satisfaction with body image
was evaluated with the Figure Rating Scale
designed by Stunkard et al. (1983) (see also
Pereira et al., 2009).

Statistical analysis

Adolescents who completed 80per cent of the
intervention were included in the analysis.
Presentation of the results involved the absolute
and relative distributions as well as measures of
central tendency and variability. Analysis of the
data distribution was conducted using the
Kolmogorov—Smirnov test still considering a
maximum coefficient of variation of 30 per cent
of the mean value.

For comparison of continuous variables,
Student’s #-tests for independent samples and
Mann—Whitney U-tests were used. For the cat-
egorical variables, Pearson Chi-square tests and
Fisher’s exact tests were used.

For evaluation of interventions between
groups over time, the sample that completed the
follow-up evaluations (n=65) was considered.
The analysis was conducted through generalized
linear models (analysis of variance (ANOVA))
with repeated measures with homogeneity of
variance estimated by the Levene test. The
assumption of sphericity was calculated from
the test of Mauchly. In cases of violation, the
Greenhouse—Geisser correction and F ratio were
used, as well as post hoc Bonferroni correction
for multiple comparisons. The magnitude of the
effect of interventions was assessed by means of
Cohen’s d and the variation between baseline
and follow-up was assessed with A (A%).

Results

Figure 1 shows the diagram of MERC recruit-
ment and adolescent participation. In Brazil, it
is not permissible to remunerate research

participants. As a consequence, participation in
the study was voluntary (Menezes et al., 2015).

Study sample and retention

The predominant diagnosis in this sample of 135
adolescents was obesity (84.4%), which
included 100 females (74.1%) and 35 males
(25.9%). The mean age was 16.4years (*=1.09).
The majority of the participants were white
(69.6%) because data collection occurred in the
southern region of Brazil, where Caucasians are
the predominant ethnic group. In relation to
socio-economic level, according to the Brazilian
socio-economic classification, most fell into the
predominant class B (51.1%), and 63 per cent
were in high school at the time of evaluation.
The characteristics of the 135 participants
(IG=65; CG=70) are shown in Table 1.

There were significant differences between
groups at baseline just in BMI percentile. This
difference was because of the randomness in the
division of the groups. In total, 92 teenagers (68%
of the initial sample) attended 80per cent of
meetings of the intervention. However, only 65
participants completed the follow-up evaluations.
These participants were included in the analyses.
There was an overall sample loss of 48.8 per cent.
In the IG group, 65 individuals were randomized
and the dropout rate was 43.0per cent (n=28). Of
the CG participants, 70 were randomized and the
dropout rate was 54.28 per cent (n=38). There
was no statistical significance to losses compar-
ing the IG and CG means (p=0.351).

Table 2 shows the results of primary and sec-
ondary outcomes at each time and between
groups.

Changes in motivational measures

There was a statistically significant difference only
in DB between groups over time (F(1,63)=4.193;
p=0.045; Power=>52.3%). The effect size for readi-
ness to change diet in the IG was high (Cohen’s
d=—0.87) and 5.7 times higher than in the CG
(Cohen’s d=—0.30). MPM was statistically signifi-
cantly different within groups over time
(F(1,63)=5.353; p=0.024; Power=62.5%), but
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Assessed for eligibility
(n=342)

Aattended the initial screening
(n=226)

Excluded (n=64)

= Refused to participate (n=16)

Participant s gave up before starting
the intervention

= Treatment intervention (n=12)

A

= Not meeting inclusion criteria (n=4 8)

= Control intervention (n= 15)

Psychology (n=15)
Nutrition (n=22)
Nursing (n=9)
Health Issue (n=1)
Age (n=1)

v

A4

Allocated to Motivational Interdisciplinary
lintervention - (IG)(n=65)

= Received allocated intervention (n= 65)

Allocated to Traditional Health Education
Intervention - CG (n=70)

= Received allocated intervention (n= 70)

Dropped out

= Excessive absences (n= 4)

= Unavailability time (n=10)

= Locomotion Difficulty (n=3)

= Reason not informed (n=1 4)

= Demotivation with the
intervention (n=1)

= City change (n=1)

=  Medication treatment (n=1)

Lost to follow -up (n=34)

Dropped out

Excessive absences (n= 4)
Unavailability time (n=12)
Locomotion Difficulty (n=3)

Reason not informed (n= 22)

= Demotivation with the
intervention (n=4)

= Pregnancy (n=1)

Lost to follow -up (n=31)

Figure 1. Consort diagram describing the flow of participants through each stage of the randomized trial.

was not significantly different between groups. The
size of the effect of this variable in the IG was
medium (Cohen’s d=—0.60) and was 3.7 times
higher than that in the CG (Cohen’s d=—0.17). The
self-efficacy to diet (F(1,63)=34.530; p<<0.001;
Power=100%) was statistically significantly differ-
ent within groups over time but not between groups.

Changes in anthropometric measures

The BMI percentile was different between groups
at baseline, but this result did not influence the

variation in this variable when comparing base-
line and follow-up (F(1,63)=5.188; p=0.026).
Regarding the interaction effect between groups
over time, statistically significant differences
were not found for any anthropometric variables.
Considering the effect of time within groups,
there was a statistically significant mean reduc-
tion for BMI (£(1,63)=23.539; p<0.001; Power:
99.8%), WC (£(1,63)=5.220; p<0.001; Power:
99.9%), HC (F(1,63)=5.188; p=0.026; Power:
61.4%) and WHR (F(1,63)=3.332; p<<0.001;
Power: 43.6%). The estimates for the size of the
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Table I. Baseline characteristics of the study participants.
Variables IG (n=65), CG (n=70), Statistical p-value
mean (SD) mean (SD) test
Demographic
Age (years) 16.42 (1.17) 16.46 (1.01) t=-0.2222 0.825
Gender (n, %)
Male 21 (58.3%) 15 (41.7%) x*=2.040° 0.153
Female 44 (44.4%) 55 (55.6%)
Ethnicity/white (n, %) 44 (65%) 52 (74.3%) x>=4.586° 0.281
Education/high school (n, %) 49 (75%) 46 (65.7%) x>=0.758° 0.709
Anthropometric measures
Weight (kg) 95.90 (17.73) 97.04 (22.42) t=-0.330¢ 0.742
Body mass index (BMI) (kg/m?) 3474 (4.71) 35.99 (6.51) t=-1.275¢ 0.205
Body mass index (BMI) (percentile) 99.32 (0.87) 97.88 (2.74) t=2.443¢ 0.020
Waist circumference (WC) 104.43 106.60 (16.43) t=-0.857¢ 0.393
(12.18)
Hip circumference (HC) 119.84 (9.37) 118.99 (12.51) t=0.441c 0.660
Waist to hip ratio (WHR) 0.87 (0.07) 0.89 (0.08) t=—1.6112 0.110
Blood pressure (mm/Hg)
Diastolic 83.19 (12.65) 83.67 (12.09) t=-0.2222 0.825
Systolic 100.03 95.31 (25.81) t=1.0332 0.303
(27.29)
Metabolic measures
Triglycerides (TG) (mg/dL) 93.03 (45.61) 101.81 (43.42) t=-1.146 0.254
High-density lipoprotein cholesterol 48.50 (13.18) 49.74 (15.24) t=-0.500° 0618
(HDL) (mg/dL)
Low-density lipoprotein cholesterol 94.202 95.87 (31.31) t=-0.380° 0.704
(LDL) (mg/dL) (24.28)
Homeostasis model assessment insulin 72.23 (44.10) 85.36 (50.45) t=-1.6052 0.111
resistance (HOMA-IR)
Glycated Hemoglobin (GH) 5.11 (0.46) 5.23 (0.44) t=-1.349 0.180
Motivational measures
Readiness to change diet 6.45 (1.91) 7.05 (1.73) t=-1.9082 0.059
Readiness to start exercise 6.16 (2.47) 6.69 (2.02) t=-1.3492 0.180
Decisional balance (DB) 2.90 (0.80) 1.53 (0.82) U=2132¢ 0.537
Self-efficacy to exercise 7.38 (2.73) 7.50 (2.64) U=2266¢ 0.970
Self-efficacy to diet 6.09 (2.33) 6.41 (2.62) U=2015¢ 0.245
Motivation to participate in the MERC 6.75 (2.79) 6.91 (2.94) U=2153¢ 0.590
(MPM)
Psychological function
The Binge Eating Scale (BES) 1491 (8.13) 15.30 (8.55) U=22012 0.752
Body image satisfaction (STUNKART) 2.53 (1.10) 2.47 (1.18) t=0.3392 0.735

IG: Motivational Interdisciplinary Group; CG: Traditional Health Education Group; SD: standard deviation;

MERC: Modification of Lifestyle and Cardiovascular Risk.
aStudent’s t-test for independent samples assuming homogeneity (Levene test).
bPearson Chi-square test (sex) and Fisher’s exact test (race and schooling).

Student’s t-test for independent samples assuming heterogeneity of variances (Levene test).

dMann—-Whitney U-test.
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effect of BMI percentile in the groups were in
opposite directions. In the IG, a small effect was
detected (Cohen’s d=0.23), whereas in the CG
the estimate for the effect was negative (Cohen’s
d=-0.41), which indicates an increase in this
variable in the follow-up. The estimated size
of the effect of WC in the IG (Cohen’s d=0.46)
was medium and 2.7 times higher when com-
pared to the CG (Cohen’s d=0.17). IG had a
medium effect on WHR (Cohen’s d=0.53),
which was four times greater than in CG (Cohen’s
d=0.13).

Change in blood pressure and
metabolic measures

There were no statistically significant differences
in blood pressure or metabolic variables between
groups over time. There was a statistically signifi-
cant effect of time on LDL (F(1,63)=4.315;
p=0.042;  Power=534%) and HbAlc
(F(1,63)=5.239; p=0.025; Power=61.6%)),
pointing to lower means post intervention both in
the IG and CG. The magnitude of effect on BT
was small in the IG (Cohen’s d=0.17), but in the
CG it was negative (Cohen’s d=-0.16), indicat-
ing that there was an increase in the levels of TG
in the CG. The magnitude of the effect of HDL in
the IG (Cohen’s d=—0:11) was almost insignifi-
cant, but there was a variation of 3.48per cent
(increase) in HDL levels compared to baseline in
the IG, while in the CG there was a smaller vari-
ation (0.47%). HOMA-IR was not affected in IG,
and in CG there was a small effect (Cohen’s
d=-0.27).

Change in psychological function

There were no statistically significant differ-
ences between groups over time in psycho-
logical function variables. However, there
was a significant intragroup difference over
time in BES (F(1,63)=14.408; p<0.01;
Power=96.2%) with a medium effect in the
IG (0.50) and a small effect in CG (0.44). The
effect on STUNKART in the CG was small
(Cohen’s d=—0.31), and it was not present in
the 1G.

Discussion

The most significant results in this study were
related to motivation to change. The readiness
for change, assessed in this study as a continu-
ous variable, relates to how ready the person
believes him or herself to be to modify his or
her habits. The readiness for change in eating
habits increased 1.61 points on the scale, show-
ing a large effect size (Cohen’s d=0.86), while
the readiness to begin physical exercise also
had an increase of 2 points on the scale and
large effect size (Cohen’s d=—0.92). Readiness
for change represents points along a trajectory
of change; the more advanced the individual is,
the less prone he or she is to relapse (Brick
et al., 2019). The movement between the stages
occurs through stimulation of the processes of
change (Prochaska et al., 2013), which was the
central theme of the 12 meetings in the IG.
Moreover, self-efficacy (SE) acts as an ‘engine’
that drives individual motivation insofar as it
represents belief in success itself for both the
SE for modification of diet (Cohen’s d=-0.62)
and the SE to physical exercise (Cohen’s
d=0.71). The decision to change was not nega-
tively impacted by the IG, considering that at
the beginning of the intervention the DB was
already trending to the pros of weight loss
(1.31 = 0.82). The motivation for participation
in MERC (MPM) also had a medium size effect,
but its variation was high between baseline and
follow-up (A%=50.8). One of the recommen-
dations of the TTM is not to confront the ado-
lescents’ resistance to change but rather to
respect their autonomy and focus on intrinsic
motivators of change (DiClemente, 2015). This
focus of the IG may have impacted MPM
because the variation in this variable in the CG
was considerably lower (8.3%), although it was
not statistically significantly different between
groups (p=0.131).

In the comparison between groups, there
were statistically significant differences only
for the DB (p=0.045), which increased in the
pros to change in the CG. Because it is a typical
intervention in health services in Brazil, our ini-
tial hypothesis was that this programme would
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also have a positive impact on the outcomes in
this study. According to TTM, any activity that
the subject starts to modify the thoughts, feel-
ings or behaviours is a process of change
(Velasquez et al., 2013). Thus, the adolescents
who participated in the CG also benefitted from
the intervention with greater variation in the DB
(30%) and a small effect size in relation to
STUNKART (Cohen’s d=0.31) in the IG.

However, when considering the other vari-
ables in terms of magnitude of effect, gross
differences and variation over time, it was
observed that TTM in the IG leveraged the
anthropometric results. This finding corrobo-
rates other findings in Brazilian adults
(Romain et al.,, 2016) and adolescents
(Gourlan et al., 2013; MacDonell et al., 2012;
Resnicow et al., 2015). The difference in the
magnitude of the effect of motivational varia-
bles also strengthened the clinical usefulness
of TTM in this context. Motivation becomes
different in relation to behavioural change
because it prevents relapse and demonstrates
adherence in the long term (DiClemente et al.,
2016). However, for more consistent conclu-
sions on the use of the TTM in the Brazilian
population, more studies are necessary
(Marshall et al., 2013) because RCTs with
Brazilian adolescents have tested interven-
tions for nutritional changes and aerobic exer-
cise (Farah et al., 2014).

The Motivation Interdisciplinary Intervention
Group (IG) resulted in a modest change in the
participants’ weight (—1.54%). However, the
reduction in BMI was greater than that hypoth-
esized in this RCT (-2.24%).

The results also confirmed the hypothesis of
abdominal circumference reduction (—4.88%)
and improvement in WHR (—4.88%). These
findings agree with other RCT studies (e.g.
Peirson et al., 2015) that examined behavioural
interventions with a focus on weight loss in
adolescents. The improvement in the habits
caused a larger impact on the health of adoles-
cents than directly on weight (Sbruzzi et al.,
2013). As an example, in this study, there was a
medium effect of IG on WHR (Cohen’s
d=0.53). It is known that the WHR is the best
indicator of visceral obesity and is widely used

as an indicator of risk to health (WHO, 2008;
Yoo, 2016). Reduction in this index may be bet-
ter than that in weight on adolescent health (Ho
et al., 2013). Another study confirmed that a
reduction=0.5 in BMI directly impacted the
improvement in metabolic risk factors (Ford
et al., 2010).

In this RCT, the metabolic outcomes
improved less than expected. Only LDL
(—6.35%) and HOMA-IR (—5.93%) reached
variation above the expectation from baseline
to follow-up. The TG (—3.56%) had low varia-
tion, while the HbAlc (—1.77%) also had low
variation and a small effect (Cohen’s d=0.32).
These metabolic alterations, even though mod-
est, show that there was a change in eating hab-
its and physical exercise (DiClemente, 2015;
Prochaska et al., 2013). However, a change in
blood pressure will only be found when exercis-
ing aerobically three times weekly over
12weeks (Garcia-Hermoso et al., 2013). The
MERC’s purpose was to encourage the practice
of physical activity and therefore did not
directly influence the adolescents’ choices
regarding the practice of physical activity.

The findings of this RCT could also be more
consistent if there was no sample loss. Although
the literature demonstrates that there is higher
dropout in studies with adolescents (Boff et al.,
2016), it was possible to keep a sample size
with power to reject the null hypothesis. The
young Brazilian dropouts can be better investi-
gated in future studies, but an important aspect
to consider is that Brazilian laws do not allow
compensation of research participants (Menezes
et al., 2015). Many participants may have given
up due to lack of financial incentives for travel,
given that the majority belonged to the low—
medium social class.

TTM is already considered by the Ministry
of Health to be a first choice approach for treat-
ment of chemical dependence. Studies such as
this can consolidate empirical evidence that the
motivational approach potentiates the multidis-
ciplinary standard interventions already exist-
ing in the treatment of obesity in Brazilian
adolescents when given by qualified health pro-
fessionals. This approach can be useful in
devising more effective public policies.
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Limitations

An RCT that proposes to test a behavioural
intervention is vulnerable to certain biases.
There is no possibility of carrying out a double-
blind study because those who manage the
intervention know that there will be a compari-
son and have knowledge of the group that they
are conducting. Also, there is no control over
the group coordinators, because despite the
training on the TTM with the teams and a con-
trol for compliance with the protocol, the per-
sonality/style of the coordinators may have
functioned as mediators of the results.

Gender was not considered as a mediating
variable. Future studies may find more accurate
results if they control for gender.

There were difficulties with sample reten-
tion, which resulted in a significant loss. Future
Brazilian studies can focus on aspects that
strengthen the retention of adolescents in inter-
ventions for weight loss.
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