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Effects of a novel mobile health
intervention compared to a multi-
component behaviour changing program
on body mass index, physical capacities
and stress parameters in adolescents with
obesity: a randomized controlled trial
A. Stasinaki1*, D. Büchter2, C.-H. I. Shih3, K. Heldt1, S. Güsewell4, B. Brogle2, N. Farpour-Lambert5,6,
T. Kowatsch3,7,8† and D. l’Allemand1*†

Abstract

Background: Less than 2% of overweight children and adolescents in Switzerland can participate in multi-
component behaviour changing interventions (BCI), due to costs and lack of time. Stress often hinders positive
health outcomes in youth with obesity. Digital health interventions, with fewer on-site visits, promise health care
access in remote regions; however, evidence for their effectiveness is scarce.

Methods: This randomized controlled not blinded trial (1:1) was conducted in a childhood obesity center in
Switzerland. Forty-one youth aged 10–18 years with body mass index (BMI) > P.90 with risk factors or co-morbidities
or BMI > P.97 were recruited. During 5.5 months, the PathMate2 group (PM) received daily conversational agent
counselling via mobile app, combined with standardized counselling (4 on-site visits). Controls (CON) participated in
a BCI (7 on-site visits). We compared the outcomes of both groups after 5.5 (T1) and 12 (T2) months. Primary
outcome was reduction in BMI-SDS (BMI standard deviation score: BMI adjusted for age and sex). Secondary
outcomes were changes in body fat and muscle mass (bioelectrical impedance analysis), waist-to-height ratio,
physical capacities (modified Dordel-Koch-Test), blood pressure and pulse. Additionally, we hypothesized that less
stressed children would lose more weight. Thus, children performed biofeedback relaxation exercises while stress
parameters (plasma cortisol, stress questionnaires) were evaluated.
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Results: At intervention start median BMI-SDS of all patients (18 PM, 13 CON) was 2.61 (obesity > + 2SD). BMI-SDS
decreased significantly in CON at T1, but not at T2, and did not decrease in PM during the study. Muscle mass,
strength and agility improved significantly in both groups at T2; only PM reduced significantly their body fat at T1
and T2. Average daily PM app usage rate was 71.5%. Cortisol serum levels decreased significantly after biofeedback
but with no association between stress parameters and BMI-SDS. No side effects were observed.

Conclusions: Equally to BCI, PathMate2 intervention resulted in significant and lasting improvements of physical
capacities and body composition, but not in sustained BMI-SDS decrease. This youth-appealing mobile health
intervention provides an interesting approach for youth with obesity who have limited access to health care.
Biofeedback reduces acute stress and could be an innovative adjunct to usual care.
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Background
Children and adolescents with overweight and obesity
are a global health issue. Prevention is recognized as the
most efficient means of curbing the epidemic and inter-
ventions that focus on physical activity alone or com-
bined with a dietary intervention have been shown to
reduce the risk of obesity in children and adolescents
aged 6 to 18 years in a prevention setting [1]. However,
many children already require urgent medical care due
to severe orthopaedic, cardiovascular, metabolic and psy-
chological co-morbidities during growth, with increased
risk of premature mortality in adulthood [2].
Unlike for other common paediatric diseases, there is

no “silver bullet” in the management of obesity; it requires
time and intensive effort by health care professionals
(HCP) and parents to understand the underlying factors
and agree on a plan of action. The evidence shows that
multi-component behaviour changing interventions (BCI)
involving diet, physical activity and behaviour modifica-
tion may be beneficial in achieving small, short-term re-
ductions in body mass index (BMI), BMI z-score (BMI
adjusted for age and sex and also called BMI standard de-
viation score [BMI-SDS]), as well as weight in children
aged 6 to 11 years, with a very low occurrence of adverse
events [3]. In adolescents with overweight or obesity, BCI
can reduce measures of BMI or weight, respectively, as
long as for 18 to 24months, with low to moderate quality
evidence, with, however, unclear rate of adverse events [3].
In Switzerland, a small number of specialized centres

for childhood obesity have been developed but are failing
to reach all the patients in need. Approximately 120,000
children and adolescents with overweight or obesity need
medical care due to the severity of the disease and/or
obesity-related complications. In 2008, a structured multi-
professional BCI in group setting, was developed and re-
imbursed by health insurances [4, 5]. Unfortunately, less
than 2% of patients were able to participate in group pro-
grams due to limited personal and financial resources, and
the distance from specialised centre [6]. At the Children’s

Hospital of Eastern Switzerland, we also developed an in-
dividual multi-component BCI and showed similar benefi-
cial effects [7]. However, both types of BCI (individual or
in group setting) are expensive and time-consuming for
HCP, patients and their families.
Digital health interventions could offer a cost- and

time-efficient solution, but although the number of
digital interventions for treating obesity in adolescents is
increasing [8], there is a paucity of evidence on health
improvement [9]. Therefore, the objective of the current
study was to assess a novel obesity management that
moves the focus from on-site consultations in a special-
ized childhood obesity center to an appealing youth-
friendly low-threshold mobile intervention (PathMate2),
under the supervision of pediatric obesity experts. Path-
Mate2 (PM) uses conversational agent counselling via a
mobile app to support adolescents with overweight or
obesity in adopting a healthy lifestyle. Specifically, it en-
courages them to exercise regularly, have a balanced diet
and reduce, through breathing exercises, emotional
stress [10] and/or loss of impulse control, which can lead
to overweight [11]. Our main hypothesis was that the
PM intervention would result in a reduction in BMI-
SDS after 1 year, compared to a control group (CON)
receiving the usual standardized multi-component BCI.
We also tested whether changes in body composition,
waist-to-height ratio, physical performance, blood pres-
sure, heart rate and stress parameters differed signifi-
cantly between the groups. We finally explored whether
patient’s or family’s characteristics were related to
changes in BMI-SDS or whether greater BMI-SDS re-
duction could be predicted by higher levels of physical
performance and lower levels of stress achieved through
biofeedback relaxation exercises [12, 13].

Methods
Design and study population
A simple randomized (1:1) controlled not blinded trial
was conducted in the Children’s Hospital of Eastern
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Switzerland, which is a specialised childhood obesity
management center (trial registration number:
NCT03270423, date of registration: 26/07/2017, www.
clinicaltrials.gov). Between September 2016 and Septem-
ber 2017, we recruited study participants among adoles-
cents with overweight or obesity aged 10 to 18 years,
requesting treatment in our center. Subjects were either
referred by their physician or contacted us after seeing
the study advertisement (flyers, media release). Partici-
pants were eligible if they had a BMI above the 90th
percentile (>P.90) [14] with at least one risk factor or
co-morbidity or a BMI above the 97th percentile
(>P.97). Exclusion criteria were: major somatic or psy-
chiatric diseases, assessed as described elsewhere [15],
without adequate treatment; taking medication with the
potential to affect weight (e.g. antiepileptic drugs or me-
thylphenidate); participation in another obesity treat-
ment program in the past year or already using a mobile
phone application which promotes weight loss. The
study took place between January 2017 and November
2018 according to study protocol. It included an inten-
sive intervention phase of 5.5 months and a maintenance
phase of 6 months. Study physicians recruited 41 study
participants who, under the surveillance of the inde-
pendent hospital pharmacist, were randomized to either
the PM group or the CON group using the “randList”
software (datinf gmbh Tübingen). To motivate children
and adolescents to participate in the study, we offered
five smartphones per group to the five most “successful”
participants of the PM and the CON group according to
a score of maximum 15 points, taking into account par-
ticipation (missing appointments resulted in fewer
points) and changes in physical performance and BMI-
SDS.

Intensive intervention phase
Baseline investigations were performed, on average, 5
weeks before the start of the intervention. After baseline
investigations and randomization, the intensive interven-
tion phase started, lasting 5.5. months and followed by
two visits (at nine and 12months after intervention
start) to ensure maintenance of behavioural changes
(maintenance phase, see below).
During the intensive intervention phase, the PM group

had an individual multi-component BCI following Swiss
guidelines [4], including handouts on nutritional educa-
tion and physical activity [16], and was equipped with a
smartphone with the PathMate2 (PM) app [17]. The PM
app was developed with the MobileCoach open-source
software for health interventions [18, 19], aiming to sup-
port behavioural changes in accordance with state-of-
the-art multi-component interventions. The effects of
earlier versions of the PM app have been evaluated in
longitudinal studies [20, 21]. The gamified PM app

included two chat channels (Fig. 1): in the first channel,
a conversational agent (virtual coach: Anna or Lukas)
chatted with patients; in the other channel, HCP (human
coaches) and patients were able to chat with each other
[17]. The conversational agent chatted daily with the PM
participants, encouraging them to achieve challenges like
a number of steps per day, performing relaxing breath-
ing exercises [for more details [22]], taking photos of
their meals, or answering quality of life questions in
order to earn virtual rewards. Most of the time and to
allow efficient and reproducible conversational turns, pa-
tients were able to respond to Anna/Lukas with prede-
fined answer options. In the app dashboard, the patients
could see their progress during the game. Furthermore,
a dashboard overview alerted HCP, in case of lack of
chat interaction during more than 2 days. Usage time of
all mobile apps, and self-reported comfort with and car-
rying of the smartphone on the body were also recorded.
On the other hand, during this intensive intervention

phase, the CON group had an individual multi-
component BCI following Swiss guidelines [4] without
the PM app. This BCI uses behavioural change tech-
niques such as goal setting, self-monitoring, stimulus
control and behavioural contracting to support a healthy
lifestyle. The CON received homework exercises based
on worksheets. They had to bring their expanding hand-
book at each hospital visit. During on-site visits, topics
like physical activity, diet, mental health and well-being,
motivation for healthy choices in everyday life as well as
family eating activities and communication habits were
discussed.
During the intensive intervention phase of 5.5 months,

the PM group had daily interactions with the conversa-
tional agent, four on-site visits and two remote counsel-
ling sessions via telephone as well as a maximum of 10
min chat time per participant with the human coach,
resulting in a total contact time with HCP of approxi-
mately 6 h per participant. During the same period the
CON group had seven on-site visits with total contact
time with HCP of approximately 8 h per participant.
At the end of the intensive intervention phase the use

of PM app was ended and the PM group returned the
smartphone with the PM App to the HCP.

Maintenance phase
The maintenance phase served as the self-responsible
implementation of a healthy lifestyle according to what
had been learned in the intensive intervention phase. It
started after the end of the intensive phase and lasted 6
months, including two BCI reflecting sessions, identical
in both groups at nine and 12months after the start of
the study. In the 9-month-visit, both groups had a phys-
ical examination, a biofeedback session and a BCI dia-
logue on goal setting and emotions. The final 12-month-
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visit consisted of a physical examination, a biofeedback
session with completion of stress questionnaires and a
discussion about maintaining a sustainable healthy
lifestyle.

Biofeedback
All participants performed biofeedback training exercises
during hospital visits, under the guidance of HCP, at
baseline, and three (data not shown), 5.5 and 12months
after the start of the intervention. Adolescents did a
two-minute relaxation exercise: they had to perform ab-
dominal breathing while trying to decrease the ampli-
tude of the skin conductance response, which they could
observe in real-time on the computer screen. Skin con-
ductance finger sensors measured the sweat gland activ-
ity, which is a sensitive indicator of arousal [23] (NeXus-
10 Mark II, Mind Media, Netherlands). Plasma cortisol
level, as stress marker, was measured before and after
each biofeedback relaxation exercise.

Outcome measures
Outcomes were assessed at baseline (on average 5 weeks
before the start of the Intervention), at the end of the
5.5-month intensive intervention phase (T1), and after
the six-month maintenance phase (T2, at 12 months).

All measurements were carried out in a non-fasting state
and at the same time of day for each subject.
The primary outcome was BMI-SDS. BMI is calculated

as weight in kilograms divided by height in meters
squared. Since BMI normally increases with age in chil-
dren and adolescents and taking into account the age- and
sex-related skewness of BMI distribution, BMI was ad-
justed according to the LMS method for sex, age as well
as the skewness of BMI distribution, and indicated as
standard deviation score (BMI-SDS), identical to BMI z-
score, as referred to on the WHO web site (https://www.
who.int/tools/growth-reference-data-for-5to19-years/
indicators/bmi-for-age) and in Braegger et al. [14]).
Secondary outcomes included body composition,

waist-to-height ratio, physical capacities, blood pressure,
heart rate and stress assessment. Muscle and fat mass
were evaluated by bioelectrical impedance analysis
(InBody720) [24, 25]. Waist circumference (WC) was
measured with a flexible non-elastic band, and defined
as the smallest abdominal circumference between the
lowest rib and the upper anterior iliac spine [26]. The
intra- and inter-evaluator coefficient of variation of waist
circumference measurement in our HCP team was 1.3
and 6.6% respectively (means ±SD: 83.3 ± 1.1 cm and
78.9 ± 5.2 cm, respectively). The measurements of each

Fig. 1 Screenshots of the PathMate2 app. Legend Fig. 1: Side menu with the dashboard (indicating the progress, the percentage of challenges
completed, and the number of gamified keys that were provided for each successful challenge), chat channels for the therapeutic PathMate2
team (human coaches) and the conversational agent Anna (left screenshot), chat interaction with Anna and pre-defined answer options (middle
screenshot), and chat interaction with the human coach Björn (right screenshot)
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patient were always performed by the same HCP. Waist-
to-height ratio (WHtR), an indicator of obesity-related
cardiovascular risk, was calculated using the formula:
waist circumference in centimetres divided by body
height in centimetres [27]. Puberty was estimated by
Tanner stages [28, 29]. Blood pressure (at the right
upper arm with an appropriate cuff) and heart rate were
measured sitting quietly for 5 min, following standard-
ized procedures [30]. Physical capacities (strength, agil-
ity, flexibility, endurance, balance) were assessed by a
modified Dordel-Koch-Test (Dordel- Koch-Test [31, 32]
plus the plate tapping selected from the Eurofit Test
[33]). The modified Dordel-Koch-Test was always con-
ducted by the same physical education teacher for all
participants throughout the study and included eight
tests:

Side jumps
The participant is jumping alternatively right and left
over a line as often as possible within 15 s. The test con-
sists of two rounds of 15 s each. The total number of
jumps in the two rounds is recorded and the outcome is
measured in number of jumps per 30 s.

Jump distance
The participant is jumping with both legs as far as pos-
sible and landing on both feet. The outcome is measured
in centimetres.

Sit and reach
With legs fully stretched against a standardized box the
participant is reaching with both hands along the top of
the box as far as possible. The outcome is measured in
centimetres.

Balance test
The participant is standing barefoot on a rope on the
floor on one leg for 60 s. The outcome is measured in
failures, that is when the free leg touches the ground,
per 60 s.

Sit-ups
The outcome is measured in number of sit-ups per 40 s.

Push-ups
The outcome is measured in number of push-ups per
40 s.

Six-minute-run
The participant is running for 6 min as far as possible.
The outcome is measured in meters.

Tap test
The participant is trying to touch 2 disks on a table with
the preferred hand alternately as quickly as possible. The
outcome is measured in seconds per 25 cycles.
Self-awareness of chronic psychosocial stress was

assessed by the Trierer Stress Inventar questionnaire
(TICS, T-values, range 15–99, the higher the T-value,
the higher the chronic stress level of the patient) [34].
The physical reaction to stress and relaxation was
measured by plasma cortisol levels (Chemiluminescence
immunoassay, UniCel Dxl 800, Beckman Coulter, in
compliance with standard laboratory quality criteria;
norm for morning cortisol 140–550 nmol/L, for a corti-
sol concentration of 166 nmol/L the inter-assay and
intra-assay coefficient of variation is 6.7 and 7.9%, re-
spectively), before and after the biofeedback relaxation
breathing exercise. The % change of cortisol after relax-
ation compared to cortisol before relaxation was calcu-
lated as 100*(value after – value before) / (value before).
Blood samples for the cortisol measurement were sched-
uled at the same time of day for each subject.
The mental health total score was completed by par-

ents (Strengths and Difficulties Questionnaire, SDQ
[35]); it was considered as normal below 13, borderline
between 14 and 16 and abnormal above 17 points. As in
a national study [6], good school performance predicted
a significantly greater decrease in BMI z-score, only this
question was selected from KIDSCREEN-52 health-
related quality of life questionnaire (HRQoL, “Last week
- have you got on well at school?”, Likert scale from 1
“not at all” to 5 “extremely (good)”) [36].
The App usage was evaluated by the number of con-

versational turns with the conversational agent required
to accept a challenge. Adherence was measured as the
number of challenges successfully completed divided by
the total number of challenges. More detailed data on
app usage and satisfaction with the conversational agent
has been published in part in other work [22].

Statistical analyses
Power and sample size were calculated on the basis of
the changes observed in our childhood obesity manage-
ment centre [7], which showed a mean BMI-SDS change
(± SD) of − 0.33 ± 0.44 after 1 year of individual multi-
component BCI. We expected to achieve similar results
with our two study groups. Data simulation from the
above distribution showed that 17 patients per group
would provide 80% power to detect a significant BMI-
SDS change in one of the treatment groups using
Wilcoxon signed rank tests. To account for a few drop-
outs, we aimed to recruit 20 patients per group.
Statistical analyses were performed using rank tests be-

cause some outcomes were not normally distributed.
The distribution of outcomes across all patients and
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within each of the treatment groups was described by
medians with ranges. P-values for the significance of
changes from baseline to T1 (D1) or T2 (D2) were cal-
culated using Wilcoxon signed-rank tests. P-values for
differences between the two groups (at individual time
points and for change from baseline to T1 or T2) were
obtained with Wilcoxon rank sum tests. Associations be-
tween numeric variables were described with Spearman
rank correlations. Confidence intervals for these coeffi-
cients were derived from the normal approximation
obtained with Fisher’s transformation. Associations be-
tween categorical variables were described by frequen-
cies and tested with Fisher’s exact tests. A significance
level of 0.05 was applied for all tests without correction
for multiple testing given the exploratory nature of the
analyses performed for the secondary outcomes. Data
analysis was performed using the statistical software R,
version 3.5.1 (2018-07-02). For the primary outcome we
also conducted a last observation carried forward
(LOCF) analysis and a responder analysis with Fisher’s
exact test (responders defined as participants showing
BMI-SDS change < 0). Additional analyses of group dif-
ferences with generalized estimating equations (GEE) as
well as calculations of intra- and intergroup effect sizes
were performed for the primary outcome and for phys-
ical capacities.

Results
Patient characteristics at baseline
Figure 2 provides a flowchart for enrolment,
randomization, intervention and follow-up (maintenance
phase) of study participants. Tables 1 and 2 display base-
line characteristics. 87% of the participants (27 out of
31) were referred to us from their physician for obesity
therapy and 13% contacted us directly wanting to par-
ticipate in our study. After randomisation and the start
of intervention, two patients dropped out due to inter-
current diagnosis of psychiatric disease and thus were
excluded from all analyses. Three further patients, who
dropped out after the first 5 months of the study, were
included in the analyses of outcomes at T1 but excluded
in the analysis of outcomes at T2. For all variables ex-
cept BMI-SDS, the number of patients in the analysis
was further reduced by non-compliance with the study
plan or physical incapacity due to illness.
The increase of BMI-SDS (median 2.61, range 1.7–3.5)

from baseline to the start of the intervention was not
statistically significant (p-value 0.09). Subjects’ character-
istics were similar among groups (Tables 1 and 2),
though mental health problems assessed by SDQ total
score displayed different distributions. 51.6% of mothers
and 45.2% of fathers were of Swiss origin.
Physical performance and capacities were similar in

both groups, except CON boys achieving better

results in jump distance and 6-min-run compared to
PM boys (Additional File 1). With few exceptions,
subjects had lower values than the age- and gender-
specific references [31, 37].

Primary and secondary outcomes
Results of the primary and secondary outcomes are pre-
sented in Figs. 3, 4, 5, 6, 7 as well as in additional files 2
to 6 and 11.

Fig. 2 Participants flow throughout the study. Legend Fig. 2: Refer
to patient characteristics for further information. PM: PathMate
group, CON: Control group, T0: intervention start, T1 and T2: 5.5 and
12months after intervention start, respectively, n: number
of patients

Stasinaki et al. BMC Pediatrics          (2021) 21:308 Page 6 of 16



Obesity measures (Figs. 3 & 4, Additional files 2, 3 & 11)
BMI-SDS decreased (responders defined as participants
showing BMI-SDS change < 0) in 92% of CON and 61%
of the PM group between T0 and T1 (OR = 0.14 [95% CI
0.003 to 1.37]), p = 0.095); from T0 to T2 a decrease in
BMI-SDS was observed in 64% of CON and in 59% of
the PM group (OR = 0.82 [95% CI 0.12 to 4.94] p =
1.00), without significant group differences.
In the PM group the median decrease in BMI-SDS

from T0 to T1 and from T0 to T2 was not significant (−
0.08, range − 0.4 to + 0.3, p = 0.15 and − 0.09, range − 0.4
to + 0.4, p = 0.33, respectively, Fig. 3, additional file 2).
Controls reduced significantly their BMI-SDS from T0
to T1 (median − 0.35, range − 1.6 to + 0.1, p = 0.002), but
the BMI-SDS change from T0 to T2 was not significant
(median − 0.16, range − 1.9 to + 0.3, p > 0.05). Differences
between groups were only significant at T1 (p = 0.02).

The results of the additional analysis with GEE and
intra- and intergroup effect sizes for BMI-SDS were con-
sistent with the above rank test results (see Add-
itional file 11).
Waist-to-height ratio (WHtR) in the CON group

showed a significant decrease from T0 to T1 (0.54, range
0.47 to 0.64 and 0.51, range 0.43 to 0.60, respectively,
p = 0.04, assessed in only 11 CON subjects; Fig. 4, add-
itional file 3). No other significant changes in WC or
WHtR within or between groups were observed.

Body composition (Fig. 4, Additional file 3)
The PM group significantly increased its muscle mass
and decreased its fat mass at T1 and T2; however, the
body fat percentage still remained above the normal
range (up to 24% in boys and 35% in girls [25]). The

Table 1 Baseline characteristics before the start of intervention

Whole Cohort PM CON p-value

Age (years) 13.6 (10.9–16.9) 12.6 (11.4–16.9) 13.7 (10.9–16.8) 0.68

BMI (kg/m2) 28.8 (22.6–35.7) 28.8 (22.6–35.7) 28.8 (23.5–34.5) 0.83

BMI-SDS 2.5 (1.5–3.5) 2.5 (1.5–3.5) 2.5 (1.5–3.2) 0.74

SDQ total score 12.0 (1.0–25.0) 8.0 (2.0–25.0) 12.6 (1.0–25.0) 0.88

BMI mother (kg/m2) 27.3 (20.4–36.2) 27.4 (20.4–36.2) 27.3 (22.3–34.4) 0.98

BMI father (kg/m2) 28.4 (21.7–38.0) 28.4 (22.3–38.0) 27.7 (21.7–37.5) 0.67

Results are shown as medians with range. P-values for differences between PathMate2 (PM) and control (CON) group were obtained using Wilcoxon rank sum test
BMI body mass index, BMI-SDS body mass index standard deviation score, SDQ Strengths and Difficulties Questionnaire

Table 2 Categorical baseline characteristics with number and percentage of patients in each category

Factor levels Whole Cohort PM CON p-value

Sex female 13 (41.9%) 7 (38.9%) 6 (46.2%) 0.73

male 18 (58.1%) 11 (61.1%) 7 (53.8%)

Pubertal stage 5 (B5 / G5) 9 (34.6%) 4 (44.4%) 5 (55.6%)

4 (B4 / G4) 10 (38.5%) 5 (50%) 5 (50%)

3 (B3 / G3) 5 (19.2%) 5 (100%) 0 (0%)

1&2 (B1&2 / G1&2) 2 (7.7%) 1 (50%) 1 (50%)

Psychological/Behavioural problems no 13 (41.9%) 8 (44.4%) 5 (38.5%) 1.00

yes 18 (58.1%) 10 (55.6%) 8 (61.5%)

Physiotherapy no 29 (93.5%) 18 (100%) 11 (84.6%) 0.17

yes 2 (6.5%) 0 (0%) 2 (15.4%)

Psychotherapy no 28 (90.3%) 15 (83.3%) 13 (100%) 0.25

yes 3 (9.7%) 3 (16.7%) 0 (0%)

Nutrition counseling no 24 (77.4%) 13 (72.2%) 11 (84.6%) 0.67

yes 7 (22.6%) 5 (27.8%) 2 (15.4%)

School Performance* 1 1 (3.4%) 1 (6.2%) 0 (0%) 0.81

2 6 (20.7%) 4 (25.0%) 2 (15.4%)

> 3 22 (75.9%) 11 (68.8%) 11 (84.6%)

P-values for differences between PathMate2 (PM) and control group (CON) were obtained using Fisher’s exact test. Pubertal stages were assessed according to
Tanner staging [28, 29]. *Likert scale from 1 “not at all” to 5 “extremely (good)”
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CON showed a significant muscle mass increase after
12 months.

Physical capacities (Fig. 5, Additional files 4 & 11)
From T0 to T1 both groups improved significantly their
agility (side jumps, tap test) and strength (jump distance,
sit-ups, push-ups), without significant differences

between groups. At T2, significant further improvements
were observed for side jumps, tap test, sit-ups and push-
ups in both groups, without significant group difference.
The results of the additional analysis with GEE and
intra- and intergroup effect sizes for physical capacities
were consistent with the above rank test results (see
Additional file 11).

Fig. 3 Group comparison of BMI-SDS at the start of intervention (T0), after 5.5 (T1) and 12months (T2), and changes from T0 to T1 (= D1) and
from T0 to T2 (= D2). Legend Fig. 3: * p-values < 0.05 for changes within groups. BMI-SDS: body mass index standard deviation score, PM:
PathMate2 group, CON: Control group. The numbers above or below the boxplots indicate the number of patients investigated at each point
of time

Fig. 4 Group comparison of body measurements at the start of intervention (T0), after 5.5 (T1) and 12months (T2), and changes from T0 to T1 (=
D1) and from T0 to T2 (= D2). Legend Fig. 4: * p-values < 0.05 for changes within groups. PM: PathMate2 group, CON: Control group. The
numbers above or below the boxplots indicate the number of patients investigated at each point of time
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Cardiovascular parameters (Fig. 6, Additional file 5)
Systolic blood pressure and heart rate tended to be in
the upper normal range in the whole cohort at start and
more than 50% of the measures were above the upper
normal range, without any improvements at T2. Dia-
stolic blood pressure was normal in nearly all adoles-
cents and remained unchanged throughout the study.

Stress parameters (Fig. 7, Additional file 6)
Chronic stress (TICS) and plasma cortisol levels were in
the middle of normal ranges at baseline investigations.
TICS and cortisol levels (before biofeedback) did not
differ between groups and there was no significant long-
term change during the 1 year of study, with the excep-
tion of an increase of cortisol at T2 in 8 CON subjects.

Fig. 5 Group comparison of fitness test at the start of intervention (T0), after 5.5 (T1) and 12 months (T2), and changes from T0 to T1 (= D1) and
from T0 to T2 (= D2). Legend Fig. 5: * p-values < 0.05 for changes within groups. PM: PathMate2 group, CON: Control group. The numbers above
or below the boxplots in Fig. 5a indicate the number of patients investigated at each point of time and can be applied to all fitness tests

Fig. 6 Group comparison of blood pressure (BP) and pulse at the start of intervention (T0), after 5.5 (T1) and 12 months (T2), and changes from
T0 to T1 (= D1) and from T0 to T2 (= D2). Legend Fig. 6: * p-values < 0.05 for changes within groups. PM: PathMate2 group, CON: Control group.
The numbers above or below the boxplots indicate the number of patients investigated at each point of time
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However, there was a significant % decrease in cortisol
levels after the biofeedback, compared to cortisol before
biofeedback, during the study, with the exception of the
PM group at T2.

Adherence to therapy and adverse events
After half a year, 51% of the PM participants were still
using the App and 54% were active on achieving chal-
lenges. The average app usage rate was 71.5% and the
average adherence rate was 57.2% during the first 5.5
months of the study. During this period, all CON kept
their hospital appointments, 95% brought, as asked, their
handbook to each visit and 68% did the assigned
homework.
According to self-reports 3 months after study start,

PM subjects carried, on weekdays, 10 h the smartphone
with them (median, range 0–21.5), whereas the time the
smartphone stayed outside their bedroom at night was 8
h (range 0–13); these results were similar for weekends
and did not change during the course of the 5.5 month-
app intervention. The average time per day that adoles-
cents spent with their smartphone was 16.2 min, with
YouTube and the PM app being the two most frequently
used apps (for details, see Additional file 7, Tables a&b).
Moreover, the PM app was used, on average, for 48 s per
day, which reflects approximately 16% of the overall
smartphone usage during the intervention period. Thus,
no serious adverse events with respect to smartphone
addiction were evident.

Prediction of therapy success / associations
Therapy success (reduction in BMI-SDS) was associated
with neither baseline age, sex, BMI-SDS, psychological
or school problems of the participants, nor BMI, foreign
nationality or psychological problems of the parents.

From T0 to T1, patients with a greater reduction in
BMI-SDS also had a greater reduction in waist circum-
ference and in fat percentage, with little or no increase
in muscle mass (analysis performed for the whole co-
hort, Additional file 8, see most right column in scatter
plots). However, changes in BMI-SDS, waist circumfer-
ence, muscle and fat mass from T0 to T1 were not sig-
nificantly associated with changes in physical capacities,
or with the levels achieved at T0 or T1 (Additional file
8, see first three columns from left to right). Thereby,
even if most patients improved their physical fitness and
capacities, and many also reduced their BMI-SDS and
body fat, the magnitude of these changes varied indi-
vidually, and these individual variations were not related
to each other.
We found a weak positive correlation between changes

in chronic stress and changes in waist circumference
and BMI-SDS after 12 months (Additional file 9). Other-
wise, no significant associations were found between
BMI-SDS and stress parameters (TICS scores, cortisol
before biofeedback, cortisol change after biofeedback) or
changes in BMI-SDS, WC, WtHR and stress changes
during the study (data not shown).

Discussion
The PathMate2 study is one of the first randomized con-
trolled trials assessing the short and long-term effects of
a novel mobile application, which aims to encourage
healthy lifestyle choices in adolescents with overweight
or obesity.
The PathMate2 gamified intervention did not result in

a sustained significant change of BMI-SDS. However, it
achieved significant and lasting improvements of body
fat and physical capacities during the whole 12 months
of the study and a high app user engagement. The CON

Fig. 7 Group comparison of stress parameters at baseline (Bl), after 5.5 (T1) and 12months (T2), and changes from Bl to T1 (= D1) and from Bl to
T2 (= D2). Legend Fig. 7: * p-values < 0.05 for changes within groups. # p-values < 0.05 for % change after relaxation within groups (whether %
change after relaxation differs from 0). Baseline: on average 5 weeks before the start of intervention. Cortisol before relaxation (nmol/L): plasma
cortisol before biofeedback relaxation exercise. Cortisol after relaxation (% change): percentage change of plasma cortisol after biofeedback
relaxation exercise compared to cortisol before relaxation. BI: baseline, PM: PathMate2 group, CON: Control group, TICS: Trierer Stress Inventar
questionnaire. The numbers above or below the boxplots indicate the number of patients investigated at each point of time
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group, having a standardized BCI with more on-site
visits, reduced significantly their BMI-SDS and waist-to-
height ratio after 5.5 months. Nevertheless, these
changes were not sustained up to 12 months after study
start. Controls also improved their physical capacities in
the long term, without significant group differences.

Attrition rates, adherence to therapy and adverse events
Attrition rates observed in childhood obesity manage-
ment programs, mainly in the USA, are reported to
reach 27 to 73% [38], while the dropout rates of multi-
professional BCI in group setting for children and ado-
lescents in Switzerland range between 10 and 20% [6].
Despite an extensive preliminary assessment and a
signed informed consent, but in accordance with the
above numbers, 24% of our subjects withdraw between
the recruitment and the start of the study. However,
94% of the eligible PM patients who started the study
also completed it. Moreover, half of the PM participants
were still using the App daily after half a year, in con-
trast to the high dropout rates reported in digital health
interventions with adherence dropping after a few weeks
[39, 40]. The high adherence rate seen in the PM group
may be explained by the daily encouragement through a
peer-appealing conversational agent with real-time feed-
back, the rewarding game system, the competition with
peers and the low threshold of communication with
HCP. During the first 5.5 months of the study the CON
group also showed a high compliance with 100% attend-
ance at hospital appointments and 85% of the eligible
CON patients completing the study. This high adher-
ence to therapy could be attributed to the structured
BCI and to the personal counseling from childhood
obesity specialists.
The total smartphone app usage time (including PM

app), which was 16.2 min per day during the 5.5-month
app intervention, remains (even with max. value of 88.6
min per day) clearly below the 2 h and 42min reported
among 13- to 18-year-olds in the U.S. [41]. Additionally,
as the most frequently used app was YouTube, we can
argue that our app did not promote mobile gaming
addictions.

Primary and secondary outcomes
According to international data [42] only 2% of adoles-
cents exhibit healthy lifestyle behaviours; hence, in
pediatric obesity treatment, learning to adopt a sustain-
able healthy lifestyle is a key goal. In this sense, our
study investigated whether a novel smartphone applica-
tion can support adolescents in adopting long-lasting
healthier habits while avoiding yo-yo effects [43]. Al-
though body mass index can only indirectly indicate a
healthy behaviour, we have chosen it, in form of BMI-
SDS corrected for sex and age, as our primary outcome,

as it is the most widely used parameter of measuring
obesity.
In the whole cohort, we observed a small but signifi-

cant improvement in BMI-SDS (− 0.09) after 5.5 months
of intervention, and changes were maintained up to one
year (− 0.12). These findings suggest that the individual
multi-component BCI was effective, similarly to previous
studies in various settings and age groups (BMI-SDS
change from − 0.06 to − 0.13SD [3]). Interestingly, the
number of contact hours in our study was much lower
than the 26 h found to be effective through comprehen-
sive and intensive BCI [44]. As a significant decrease in
BMI-SDS and waist-to-height ratio were found in the
control group only, we conclude, in line with prior work
[44], that an intensive personalized behavioural interven-
tion can result in a greater short-term reduction in
weight status than a mobile health app program. How-
ever, in our study, the effects on BMI-SDS were not
maintained at one-year in controls, which may be ex-
plained by the wide variations of the CON results and/
or the dropout of some patients showing large changes
in BMI-SDS from T0 to T1 (two control patients, who
dropped out before T2, had a BMI-SDS decrease of −
0.74 at T1, which was larger than that of the entire con-
trol group of − 0.37). Nevertheless, the last observation
carried forward analysis did not present different results
with regard to BMI-SDS (only applied for the primary
outcome, Additional file 10). Another explanation for
the non-significant BMI-SDS change after one year
could be that only two contact hours with HCP between
5.5 and 12months after study start (maintenance phase)
were probably insufficient in order to maintain behav-
ioural changes.
During the intervention, changes in physical capacities

and body composition were similar to previous studies
[6, 45]. In both groups, we found similar improvements
after 5.5 and 12months in strength measures and agility.
The significant improvement of muscular strength, as
seen in our study, is of critical importance in improving
overall health of adolescents with obesity as well as their
comfort in daily life, thus increasing their autonomy
[46]. The 6-min-run-test (aerobic fitness) is generally
highly and negatively correlated with BMI-SDS [47]; this
may explain, why in our study only controls (n = 12)
showed an improvement in 6-min-run-test at T1 but
not at T2. Although balance in obese children has previ-
ously been described as impaired [48], our patients
showed optimal balance scores already at baseline. The
PM intervention resulted in increased muscle mass at
5.5 months and a reduced percentage of fat mass
throughout the study. As no correlations between
changes in physical capacities and muscle mass were
found in our study, it could be argued that the signifi-
cant increase in muscle mass in both groups could also
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be a consequence of a synchronized pubertal growth.
However, more than two thirds of the participants had a
Tanner stage of 4 or 5, and thus had already passed the
pubertal stage, when a maximum increase in muscle
mass can be expected [49, 50].
In prior Swiss research, and in consistence with our

results, systolic hypertension was present in 47.6% of
children with obesity [51]. In our study, we did not ob-
serve any change in 6-min run test at 12 months, which
may explain the absence of change in blood pressure or
pulse rate [52].
The effectiveness of IT-mediated obesity interventions

in improving health status in this age group remains un-
certain, probably due to insufficient intervention dur-
ation, small sample size and short-term follow-up. In the
2018 meta-analysis of Ho et al. [53], six RCTs of
internet-based self-monitoring interventions revealed a
small reduction of BMI or BMI z-score; however, the
quality of evidence was low due to the risk of bias and
imprecision. On the other hand, in the review of Chen
and Wilkosz [54] ten out of 14 studies evaluating the ef-
fectiveness of technology-based interventions for obese
adolescents showed no effects on BMI or BMI z-score.
Only a few IT-supported interventions have, in line

with our results, reported significant positive effects on
the percentage of body fat [55, 56], skeletal muscle mass
[55], as well as physical activity [57, 58] and muscular
fitness [59].
In consideration of the study results, when access to a

specialized childhood obesity management center is lim-
ited and the adolescent’s primary goal is the improve-
ment of physical status and body composition,
PathMate2 app could be a feasible option, if combined
with individual counselling sessions. The PathMate2 app
could also potentially be implemented in a follow-up
program after an intensive obesity intervention. How-
ever, if the main focus of an obesity intervention is the
reduction of BMI-SDS, the PathMate2 app intervention
in its current form would probably be inadequate; in this
case more contact hours with HCP and longer or re-
peated intermittent periods of app usage (longer than 6
months) would probably be needed in order to achieve a
satisfactory BMI-SDS reduction.

Biofeedback and changes of stress parameters
With regard to acute stress response, subjects in our
study exhibited significantly lower cortisol levels after
the biofeedback relaxation exercises. These findings sup-
port the conclusions of prior research [12, 13], that psy-
chophysiological interventions could have a clinical
utility in obesity therapy in lowering emotional stress
connected with eating disorders.
The present study is, to our knowledge, the only one

that has investigated the long-term effect of biofeedback

training on obesity related stress response in adolescents.
Our hypothesis that the adolescents with obesity who
would be most successful in reducing the maladaptive
response to chronic stress would also exhibit a decrease
in BMI-SDS was not confirmed; however, we found a
weak positive correlation between changes in chronic
stress (TICS) and changes in waist circumference and
BMI-SDS after 12 months. Similarly, the RCT of Emma-
nouil et al. [60] found no changes in BMI-SDS after an
eight-week stress management intervention program in
Greek children and adolescents with obesity. Interest-
ingly, baseline markers of acute and chronic stress in
our patients, namely cortisol levels and TICS scale, were
in the normal range and did not indicate a maladaptive
stress response, at least not with the methods used. Al-
though biochemical changes of stress parameters as well
as a dysregulation of the cortisol metabolism [61–64]
can be found in patients with obesity, obesity is not al-
ways related to a hyperresponsive HPA axis and high
cortisol levels [61], and the large interindividual variation
in glucocorticoid sensitivity [65] could explain the nor-
mal cortisol levels in our patients with obesity.
Further research in a larger sample is therefore needed

to prove the long-term effectiveness of biofeedback exer-
cises on distress and obesity and identify the best candi-
dates for psychophysiological intervention.

Prediction of therapy success (change in BMI-SDS)
In our study, we did not find any associations between
therapy success and baseline characteristics. However,
the two-year Swiss childhood obesity study (KIDSSTEP)
[6] as well as 2- to 5-year-follow-up German studies [66,
67] in children with obesity after one-year-interventions
showed that the decrease in BMI-z-score was the great-
est in children before pubertal age and the smallest in
adolescents above 14 years. This association could ex-
plain why in our participants, who had a median age of
13.6 years, the BMI-SDS decrease was not significant in
the 12-month follow-up.
In the present study, changes in physical capacities

were not associated with changes in BMI-SDS, waist cir-
cumference, muscle mass or fat mass. Likewise, Reichert
et al. [68] concluded that literature data offers only lim-
ited support for a causal link between physical activity
and adiposity in adolescents; in children, however, the
population-based longitudinal observation conducted by
Metcalf et al. [69] supported a reverse causality where
physical inactivity appeared to be the result of fatness ra-
ther than its cause.

Strengths of the study
The greatest strength of the present study is its random-
ized controlled design.
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Conducting this low-intensity intervention (< 25 con-
tact hours [44]) in a real-world setting with the well-
known obesity pitfalls [6] and with adolescents with
obesity suffering from challenging somatic and mental
comorbidities, makes the results of this study more ap-
plicable in clinical practice. The attrition rate after the
start of intervention was low and the adherence was high
in both groups.
It should be pointed out that data privacy during the pa-

tients’ interaction with the PM app was guaranteed using
a MobileCoach server located in Switzerland and compli-
ant with Swiss data protection regulations [17, 18].

Limitations of the study
A limitation of this study is the small sample size due to
the well-known recruitment difficulties related to this
age group [6, 70, 71] and potential obesity comorbidities
(for example psychiatric diseases), the limited time and
resources of the families, as shown in the swiss KIDS
STEP study [6], and probably the lack of motivation in
participating in a scientific study since the expenses of
multi-component BCI in Switzerland are covered by
health insurances. Therefore, and because adolescence is
characterised by an increased reward-seeking behaviour
[72], we decided to reward the best five participants of
each group. A potential selection bias due to the attrac-
tivity of the smartphone could explain the drop out of
five patients after being randomized in the control group
and signing the consent forms (Fig. 2, hypothesis: the
“less motivated” CON dropped out while the “more mo-
tivated” CON chose to continue the study despite not
getting into “the smartphone group”). The selection of
motivated adolescents might be associated with a better
compliance of the control group. Lastly, although co-
operating psychologists recommend the use of Trierer
Stress Inventar questionnaire to evaluate stress in ado-
lescents from the age of 13 years, TICS is validated on a
population above 16 years of age. Otherwise, all other
outcome measures were based on objective and validated
methods for the age group investigated.

Conclusions and future research directions
In conclusion, our study results support the effectiveness
of the PathMate2 app, combined with standardized
counselling, in improving physical capacities, lowering
body fat percentage and increasing muscle mass in ado-
lescents with overweight or obesity. These significant
and lasting improvements were similar to those achieved
in the control group receiving a standardized multi-
component behaviour changing intervention with more
on-site visits. Thus, when the focus is on improving
physical status and body composition but access to a
specialized childhood obesity management center is lim-
ited, the PathMate2 app may offer a novel healthcare

solution, if combined with individual counselling session
in a primary care setting. Although, both the PathMate 2
group and controls exhibited a reduction of BMI-SDS
during the study, the controls showed a temporary sig-
nificant BMI-SDS reduction after 5.5 months. Therefore,
we assume, that when the intervention focus is on
weight reduction, then an intensive BCI with more con-
tact hours with HCP and longer or intermittently re-
peated periods of app usage is probably more
appropriate.
Though chronic stress was not found to be a major

determinant of obesity in adolescents of the present
study, biofeedback relaxation exercises could be a valu-
able complementary tool for adolescents with obesity
and eating disorders or emotional eating. However, the
long-term effects of biofeedback exercises on stress and
obesity in youth remain to be evaluated in a larger
cohort.
While on the long term, mobile app interventions may

become affordable and cost effective, at this stage, the
design and technical as well as health professional sup-
port of such systems is highly demanding and expensive.
In contrast to their use in prevention programs, digital
health interventions for adolescents with overweight or
obesity could only be effective, and ethically justified, if
combined with other behaviour changing interventions
conducted by trained HCP and tailored to the patient’s
needs. Therefore, a careful baseline assessment of phys-
ical and mental status should be performed in order to
propose an individualized obesity treatment. In addition,
a careful monitoring should be established to follow
therapeutic progress and prevent an excessive use of the
smartphone.
Childhood is a unique window of opportunity, when

treatment can have a lifetime impact on health and qual-
ity of life and prevent long-term disability and reduced
work productivity. Based on the PathMate2 application,
conversational agent-based telemedicine interventions
could be implemented for scalable childhood obesity
management or follow-up. This approach is particularly
interesting during the current COVID-19 pandemic, as
digital approaches are rapidly becoming an essential part
of teletherapy [73], overcoming the restrictions imposed
by governments, while offering modern health care ac-
cess for more patients and families.
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