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Abstract: Background: Pediatric obesity treatment is based on high-intensity lifestyle counseling.
However, high dropout rates and low effectiveness have been reported even in specialized centers.
Mobile health technologies have been used in research settings to overcome these limits with
contrasting results. This study aims to evaluate the effectiveness of a six-month intervention with a
mobile app for the treatment of pediatric obesity at 6 and 12 months of follow-up. Methods: Patients
were randomly assigned to standard care or standard care plus mobile app (2:1). The mobile app
delivered high-intensity lifestyle counseling for diet and physical activity. Results: Seventy-five
subjects were prospectively enrolled. At six months of follow-up, the m-app group showed
significantly lower dropout rates compared to standard care(p=0.01). The risk of dropout was
significantly higher in controls compared to the intervention group (OR 3.86,95%C.I. 1.39-
10.42,p=0.01). After one year of follow-up, we observed lower albeit non statistically significant
dropout rates in the m-app compared to the standard care group(p=0.24). No differences were
observed in terms of z-score BMI and percentage of BMI reduction between the two groups.
Conclusion: our findings suggest that mobile app might help in the clinical management of children
and adolescents with obesity in terms of dropout reduction.

Keywords: obesity 1; treatment 2; m-Health 3

1. Introduction

Obesity in children and adolescents is a major public health concern globally. The increasing
prevalence of obesity in children has been observed in both developed and developing countries [1].
The prevalence of pediatric obesity has increased dramatically over the past five decades. According
to the WHO, overweight/obese young children (0-5yr) increased from 32 million globally in 1990 to
37 million in 2022. For children aged 5-19 years, the number rose from 31 million in 1990 to 160 million
in 2022 [2].

In 2019, the World Obesity Federation projected that by 2025, there would be approximately 70
million children aged 0-5 years and 206 million children and adolescents aged 5-19 years living with
obesity [3].

Similar trends are observed worldwide, with the steepest increases occurring in low- and
middle-income countries. The prevalence is similar among boys and girls, with slightly higher values
for obesity in boys [4].

This trend poses a severe threat to future public health since children and adolescents with
obesity are more likely to develop obesity-related comorbidities [5]. There are several diseases caused
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by obesity, in the short, medium, or longer term, depending upon age and obesity severity [1]. All
body systems can be affected [6]: comorbidities including cardiovascular disease (hypertension,
dyslipidemia, endothelial dysfunction, left ventricular hypertrophy) [7,8]; respiratory disease
(asthma, obstructive sleep apnea-OSAS, sleep disorders, hypoventilation syndrome) [9-11];
endocrine disease (impaired glucose tolerance, polycystic ovary syndrome, metabolic syndrome,
type 2 diabetes) [12,13]; gastrointestinal disease (fatty liver disease, gastroesophageal reflux,
micronutrient deficiencies) [14], skin alteration (acanthosis nigricans, psoriasis), musculoskeletal and
dental alteration (cavities and periodontal disease, pain, fractures, slipped capital femoral epiphysis)
[15,16]; kidney damage [17], and psychiatric problems (anxiety and depression) [1,6].

Several factors contribute to determinate obesity, including a combination of genetic,
socioeconomic, environmental, behavioral, and psychosocial factors [1].

Obesity can be influenced by an obesogenic environment, which includes dietary habits (high
intake of energy-dense, micronutrient-poor foods, sugar-sweetened beverages, and fast food) [18,19],
lower levels of physical activity (sedentary lifestyles, characterized by reduced physical activity and
increased screen time) [20-22], and socioeconomic status (lower socioeconomic status is associated
with higher obesity rates due to limited access to healthy foods and health education).

Behavioral factors include eating patterns (portion size, irregular meal timings, skipping
breakfast, and high frequency of snacking) [19] and sleep (sleep deprivation, poor sleep quality, or
late bedtime can disrupt hormonal regulation of appetite) [23].

Psychosocial factors, family dynamics, and mental health (such as stress, anxiety, or depression)
can also exacerbate dysfunction of the energy regulatory system favoring weight gain. In addition,
several factors in early life are associated with a high risk of developing obesity, like maternal obesity,
gestational diabetes, and excessive gestational weight gain [24,25].

The complexity of obesity pathogenesis influences the complexity of treatment. Treatment first
aims to prevent the development of chronic diseases, reduce adiposity, improving physical and
psychosocial comorbidities. Therapy integrates multiple components including nutrition, exercise,
psychological counseling, pharmacotherapy, and surgical procedures [26]. The first approach for
pediatric obesity is the promotion of lifestyle modifications, including diet, physical activity, and
eating behaviors [27]

Scientific societies [27,28] suggest the promotion of healthy dietary habits (avoiding the
consumption of calorie-dense, nutrient-poor foods, encouraging the consumption of whole fruits)
and physical activity education (20 minutes, optimally 60 minutes, of vigorous physical activity at
least 5 days per week) at a multilevel involving children and adolescents, parents, and communities.
Other strategies are anti-obesity medication and metabolic/bariatric surgery [27]. The current
guidelines [29] highlight the relevance of counseling intensity to achieve lifestyle modifications in
children and adolescents with obesity. They suggest at least 26 “contact” hours of counseling in a
period of 3-12 months to guarantee this high-intensity approach [29]. However, this is not commonly
applicable in clinical settings for health professionals and families. Moreover, even if lifestyle
treatment is the first approach, it is not always successful. Several studies have reported high drop-
out rates in lifestyle intervention for children and adolescents with obesity [30-32]. The major barriers
to treatment compliance include low socioeconomic status, distance from the clinic, psychological
comorbidities, and parents with obesity [30-32]. These data highlight the importance of personalizing
the intervention according to the family and patient needs and of developing new strategies for
treatment delivery. In this light, electronic health (e-Health) resources are a promising tool.

In a clinical trial, Hagman et all [33] demonstrated that a digital support system with a
personalized weight-loss target curve and daily weight measurements shared by the family and the
clinic was more effective in terms of weight loss and dropout rates than the standard care for the
treatment of children with obesity.

Digital tools can help children with obesity to manage their weight and improve their overall
health through different strategies. Advanced algorithms can analyze data to provide personalized
feedback and recommendations. These devices might encourage teenagers and adults to increase
their physical activity and change how they eat, track their weight, and food, and provide
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motivational messages [34]. Moreover, mobile health systems (m-Health) can monitor physical
activity, dietary intake, and sleep patterns, thus providing real-time feedback and helping children
understand their habits, making it easier to set and achieve health goals. In addition, m-Health
devices can help caregivers to identify wrong patterns and make necessary adjustments.

The presence of goal setting, progress tracking, and rewards can incentivize the patient to stay
motivated; in addition, m-Health apps can send reminders and notifications that help to create a daily
healthy routine.

Some digital tools can facilitate remote coaching and telehealth consultations, allowing
healthcare providers to offer personalized advice and support without the need for frequent in-
person visits [33].

Several studies have demonstrated improvements in self-reported diet, physical activity, and
short-term weight loss [35-39]. However, scientific evidence for the effectiveness of these devices as
an adjunct tool for the treatment of pediatric obesity is poor. To date, few studies have been
conducted on children and adolescents with obesity. Moreover, the available trials are highly
heterogeneous in terms of type of intervention (education, behavioral therapy, self-monitoring, and
others), sample size, and study population.

In a recent meta-analysis, Metzendorf et al. [34] reported that in 13 studies on adults with
obesity, smartphone apps probably may reduce BMI in the medium term, but the evidence is very
uncertain. Moreover, the intervention failed to induce significant changes in physical activity, BMI
reduction at 12 months, and quality of life. For adolescents, the available evidence base is even more
restricted [34].

Based on this knowledge, this prospective study aims to investigate the effectiveness of a mobile
app for smartphones (m-App) in the treatment of pediatric obesity compared to standard care. In
detail, the main objectives of the study were: 1) verify the differences in dropout rates between control
and intervention groups; 2) assess the differences in weight loss between m-app and standard care
groups at 6 and 12 months of follow-up.

2. Materials and Methods

2.1. Study Design and Participants

The study is a prospective monocentric two-arm open-label randomized controlled trial. The
intervention group received standard care provided by a trained pediatrician and a dietitian plus a
smartphone app for the treatment of pediatric obesity. The control group received only standard care.
Children and adolescents aged 6 years and above attending the pediatric obesity outpatient clinic of
the University Hospital “Luigi Vanvitelli” were prospectively enrolled. According to international
guidelines [29], obesity was defined based on body mass index (BMI) calculated as the ratio between
the weight expressed in kilograms and the height squared expressed in meters (kg/m?). Patients were
eligible if 1) they had a BMI 295th percentile for age and sex according to the WHO growth charts
[40,41]; 2) they were not taking medications affecting body weight; 3) their parents owned and were
able to use a smartphone; and 4) they gave the consent to participate. Children affected by secondary
forms of obesity (i.e. endocrinopathies, syndromic obesity, monogenic forms) were excluded. Written
informed consent from parents and children assent to participate was collected before the
randomization procedure. The study was conducted according to the Declaration of Helsinki. The
Ethical Institutional Review Board of the University of Campania “Luigi Vanvitelli” approved the
study (protocol n. 14258/2023). All participants underwent a complete clinical examination as
reported elsewhere [42]. Briefly, the child was examined wearing undergarments. Height was
measured by a Harpenden stadiometer at the nearest 0.1 cm. Weight was assessed by a balance beam
scale at the nearest 0.1 kg. Z-score BMI was calculated with the lambda-mu-sigma method [43]. Waist
circumference was measured at the midpoint between the lowest rib and the iliac crest with an
anelastic tape, and the average of two values was obtained. The ratio between waist and height
(WHR) in centimeters was calculated as an indirect measure of truncal adiposity. Blood pressure was
measured three times, and the average of the three measurements was reported. After baseline
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assessment, participants were randomly allocated to standard care or intervention with a 2:1 ratio
using an online randomizer system (http://www.graphpad.com/quickcalcs/index.cfm). The complete
auxological and clinical examinations were performed at 6 months and 12 months of follow-up.

2.2. Study Intervention

The control group received standard lifestyle care, consisting of nutritional and behavioral
counseling provided by dieticians and pediatricians. During the first visit, patients and their families
received a treatment plan based on a personalized physical activity plan (according to patient age,
ability, and fitness level) and a balanced Mediterranean diet. Moreover, psychological counseling for
the patient and the family was provided to identify potential comorbidities and provide behavioral
therapy.

Follow-up visits were scheduled every three months according to standard care and outpatient
clinic waiting lists and included clinical, nutritional, physical activity, and psychological assessment.

The intervention group received the standard care plus the smartphone app (Nutrilio) [Nutrilio
FREE, Version 1.17.4, 2023] for six months. After the allocation to the intervention group, participants
were invited to download the app through AppStore (iOS) or Google Play (Android) and received
information on how to use the app.

The free Nutrilio app consists of a daily diary of diet and physical activity that is recorded and
can be exported as a .csv file. The participants were invited to send this file once a week to the medical
staff. After receiving the diary, the medical staff gave feedback to the family about the lifestyle
behavior and potential improvements to be applied at home.

In-person visits were scheduled every three months as for the control group. The follow-up was
completed after 12 months (6 months with smartphone app and 6 months with standard care alone).

2.3. Study Outcomes

The primary outcome of the study was the difference in dropout rates at 6 and 12 months of
follow-up between the two groups. Dropout was defined as the presence of less than 1 visit in 6
months. Secondary outcomes were changes in body weight including 1) changes in z-score BMI: delta
changes in z-score BMI were calculated at 6 and 12 months of follow-up compared to baseline
evaluation; 2) clinically significant reduction of baseline BMI defined as a reduction of at least 5% of
BMI after 6 and 12 months [44,45] clinically significant reduction of z-score BMI defined as a
reduction of at least 0.25 units of z-score BMI at 6 and 12 months compared to baseline [46].

2.4. Statistical Analysis

Continuous variables were checked for normality by Kolmogorov-Smirnov test. Difference
between groups for continuous variables were investigated by Mann Whitney U test. Chi-square or
Fisher exact tests were used to test differences for categorical variables as appropriate. Data are
expressed as median (interquartile range, IQR) or percentages. Univariate logistic regression analysis
was performed to calculate the odds ratio (OR) for drop-out according to the allocation group.
Moreover, a multivariate logistic regression analysis including age, gender, BMI, and Z-score BMI
was performed to correct the effect of the allocation group for potential confounding factors. A p-
value <0.05 was considered statistically significant. All the analyses have been performed using SAS®
on Demand for Academics (SAS Institute Inc., Cary, NC, USA).

Study power was calculated based on a post-hoc analysis considering the main outcome of
differences in dropout rates between the two groups. On the basis of the differences in dropout rates
at 6 months between standard care (72%) and m-App intervention (40%), with a sample size of 75
participants, our study has a power of 80% to detect a difference in dropout between groups with an
alpha level of 0.05.
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3. Results

Seventy-five children and adolescents were enrolled (36 males, mean age 9.4 + 1.5 years). The
characteristics of the entire cohort are displayed in Table 1.

Table 1. Characteristics of the entire cohort.

Parameter data
Subjects (n) 75
Male (%) 48
Age (IQR) [years] 94+1.5
BMI (IQR) [kg/m2] 27.6+4.1
Z-score BMI 3.1+0.7
Systolic Blood Pressure [mmHg] 113+15
Diastolic Blood Pressure [mmHg] 69+9
Waist Circumference [cm] 85+10
Waist-to-Height ratio 0.59 +0.06

Fifty patients were allocated in the control group and 25 in the intervention group. The two
groups did not differ in age, sex, BMI, and BMI z-score distribution (Table 2).

Table 2. Characteristics of the groups according to intervention.

Standard Care+M-App Standard Care P
Subjects (n) 25 50
Male (%) 44 50 0.81
Age (IQR) [years] 10.6 (8.3-10.9) 9.3 (8-10.3) 0.20
BMI (IQR) [kg/m2] 28.1 (25.2-29.5) 26.8 (24.3-29.9) 0.99
Z-score BMI (IQR) 2.9 (2.8-3.3) 3.3 (2.55-3.65) 0.32
Systolic Blood Pressure
111 (105-118 111 (100-125 0.45
(IQR) [mmHg] (10419 (100129
Diastolic Blood Pressure
67 (59-75 70 (65-80 0.14
(IQR) [mmHg] 5975) (6550
Waist Circumference
86 (79-90 84 (78-91 0.97
(IQR) [em] 7:20) 7EoD
WaISt'tO('Ig;lfht ratio 0.58 (0.56-0.6) 0.61 (0.55-0.65) 0.14

3.1. Drop out Assessment

After six months, 14 patients in the control group (28%) and 15 patients in the intervention group
(60%) completed the follow-up. The dropout rate was significantly higher in the control group (72%)
compared to the intervention group (40%, p=0.02) (Figure 1).
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Figure 1. Drop-out and 6-month follow-up rates according to allocation group.

Children who completed the follow-up at 6 months did not significantly differ at baseline for
age, gender, BMI, Z-score BMI, and blood pressure compared to those who did not show up at follow-
up (Table3).

Table 3. Baseline characteristics according to drop-out and 6-months of follow-up.

Dropped-out Returned at follow-up p
Subjects (n) 46 29
Male (%) 58 41 0.48
Age (IQR) [years] 9.6 (8.4-10.7) 9.1 (8.1-10.6) 0.35
BMI (IQR) [kg/m2] 26.9 (24.8-31.1) 28.3 (24.0-29.7) 0.40
Z-score BMI (IQR) 3.0 (2.4-3.5) 3.2(2.9-3.7) 0.27
Systolic Blood Pressure
113 (104-125 111 (100-125 0.72
(IQR) [mmHg] (104129 (100-129
Diastolic Blood Pressure
71 (60-75 70 (60-80 0.85
(IQR) [mmHg] (©075) (©0-50)
Waist Circumference
84 (79-89 89 (77-94 0.27
(IQR) [cm] 75:8) 7799
ist-to-Heicht rati
Waist toa Q%g tratio 0.60 (0.57-0.63) 0.59 (0.54-0.65) 0.47

Univariate logistic regression analysis revealed that the standard care group showed a 3.86-fold
higher risk for drop-out compared to the M-App group (OR 3.86, 95% C.I. 1.39-10.42, p=0.01). This
risk was independent of the effect of age, gender, BMI, a,d Z-score BMI (p=0.008). At one year of
follow-up, there were no differences in drop-out rate between the two groups (p=0.24); the standard
care showed a 92% and the intervention group an 80% drop-out rate.

3.2. Weight-Loss Outcomes

Weight-loss achievement was evaluated as a reduction of Z-score BMI and as a reduction of
baseline BMI in percentage. The two groups showed similar Z-score BMI reduction at 6 months of
follow-up (p=0.51). The median reduction of Z-score BMI in the standard care group was -0.3 units
(IQR -0.55; -0.18) and -0.29 (IQR -0.48; -0.11; see Figure 2). Moreover, the rates of clinically significant
reduction (-0.25 units) of Z-score BMI did not differ between the two groups (standard care 66.7%
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versus M-App 53.3%; p=0.71). No differences were observed at 12 months in delta Z-score BMI
reduction between the two groups (p=0.99).
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Figure 2. Differences in delta Z-score BMI at 6-month follow-up between standard care and M-App
groups.

The median reduction of BMI after 6 months was 3.75% (IQR 0.0%; 7.63%). There were no
differences in BMI percentage change between the two groups (p=0.36). The median change of BMI
in the standard care group was -2.3%(IQR -7.3%; 7.1%) versus -3.1% (IQR -6.8%; 0.0%; see Figure 3)
in the M-App group. The rate of patients achieving at least 5% of BMI reduction compared to baseline
did not differ between the two groups (53.3% of controls versus 33.3% of cases; p=0.46). Moreover,
the two groups showed a similar BMI percentage change a t 12 months of follow-up (p=0.90).

p=0.36

20

% of BMI change
compared to baseline

I I
Standard Standard
Care Care + M-App

Figure 3. Differences in BMI percentage reduction at 6-month follow-up between standard care and
M-App groups.

4. Discussion

In this study, we investigated the effectiveness of a smartphone app (Nutrilio) in improving
lifestyle intervention compliance in children and adolescents with obesity. The intervention lasted 6
months followed by 6 months of follow-up without the use of the smartphone app. We observed a
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significantly lower dropout rate in the m-App group compared to the standard care after the first six
months of follow-up. However, this finding was not confirmed at 12 months of follow-up. Regression
analysis confirmed that the use of the mobile app was protective against the risk of dropping during
follow-up independently of other confounding factors.

Attrition represents a common concern in the treatment of obesity, both in childhood and
adulthood [47,48]. Elevated attrition rates and poor compliance to treatment reduce the effectiveness
of clinical interventions for lifestyle modifications and subsequently weight loss achievement.
Moreover, dropout is associated with poor disease control and negative health outcomes in the
medium and long term. Therefore, to improve the success of pediatric weight management programs,
new strategies to counteract the dropout phenomenon should be promoted. Several studies have
investigated the predictors of attrition during lifestyle intervention trials with heterogeneous results
[49-51]. The rates of dropout are generally high and tend to vary according to the type of intervention
(diet, physical activity, diet plus physical activity). In common clinical practice, the dropout rate in
pediatric obesity is around 60% after one year of treatment [49,52]. Among predictors, low
socioeconomic status, parental obesity, lower Z-score BMI at baseline, distance from the hospital,
adolescence, and male gender have been associated with a higher risk of dropout [49,50]. Conversely,
the presence of comorbidities, such as hyperglycemia, insulin resistance, and dyslipidemia have been
associated with higher compliance to treatment. Probably this is due to more consciousness about
obesity as a disease from both parents and patients [49].

In this context, mHealth can be a strategy to increase adherence. This theory is supported by the
study by Roth et al. [53] who described a dropout rate of 19.7% after 12 months of intervention, lower
than the dropout rate reported in other studies (ranging from 26.8-39%). However, it’s difficult to
estimate the realistic effects of mHealth because of the high rate of dropouts. In fact, high rate of
attrition was found in different studies about mHealth interventions reducing the positive outcomes
of intervention [32673267; 29607800]. The study by Desmet et al. [54] focused on the attrition rate
during a mHealth intervention in adolescents with obesity including also a psychological assessment.
In this study, dropouts were associated with demographic factors (age, gender, and socio-economic
status), health-related factors (baseline weight, initial motivation levels, and prior experience with
technology), and feasibility of the app (features and support). No statistically significant difference
in attrition was found across the different eating styles. The only significant negative predictor of
attrition was adjusted BMI: a higher adjusted BMI may result in greater motivation to use mHealth
apps [54]. In our study, we did not find predictors of dropout except for the m-app use. This finding
might be related to the small sample size that has underpowered the ability to find other predictors.

Moreover, we evaluated the effect of the mobile app on weight loss outcomes. Weight loss was
assessed as both Z-score BMI and BMI percentage reduction over time at 6 and 12 months. The two
groups displayed a similar decrease in Z-score and BMI values over time. Therefore, in our study,
the m-app intervention was not superior to standard care in inducing a more clinically significant
weight loss. These findings might suggest that the m-app is useful in intensifying counseling and
reducing the attrition rate, but not in increasing the subject’s adherence to lifestyle modifications.
Scientific literature has reported that a 0.25 to 0.5 units reduction of Z-score BMI is associated with
an improvement of cardiometabolic risk in children and adolescents with obesity [46]. Reinehr et al.
reported in a cohort of about 1400 children with obesity that a reduction of at least 0.125 units of Z-
score BMI was associated with an improvement of several cardiovascular risk factors (hypertension,
dyslipidemia, insulin resistance). This effect was more pronounced for a Z-score reduction of 0.25
units after 1 year of lifestyle intervention in the Obeldicks trial [46]. Previous studies conducted in
smaller groups have reported that a Z-score BMI lowering of 0.5 units might be beneficial for patients
in terms of comorbidities resolution [55]. Conversely, another study reported a clinical benefit for a
0.01 unit decrease in systolic and diastolic blood pressure levels [56]. In our study, we did not perform
blood tests to assess insulin levels, dyslipidemia, and glucose homeostasis. Therefore, we could not
draw any conclusion about the cardiometabolic risk reduction and the best Z-score decrease cut-off
for cardiometabolic profile improvement in our cohort.
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In addition, during the last few years, the measures of clinically meaningful weight loss have
been widely discussed. In clinical practice, current guidelines recommend using BMI for obesity
diagnosis as a surrogate of body adiposity and the Z-score BMI represents an estimate of obesity
severity [27-29]. However, when the Z-score BMI is measured in cohorts with many participants
above the 97th percentile, the clinical utility for change over time is limited. The Z-score values for
BMI above the 97th percentile are based on calculations and therefore might be less accurate [45].
Moreover, for severe obesity, the Z-score values are compressed with a narrow spectrum of
variability even for significant changes in BMI values. This phenomenon reduces the impact of Z-
score reduction after treatment leading to an underestimate of the treatment efficacy over time [45].
Therefore, other metrics for treatment outcomes estimates have been proposed, including the
absolute and percentage change of BMI, the change in percent of median, the reduction of 5%-10%-
15% of BMI, and others [46]. However, the application of these other metrics is scarce in pediatric
research, limiting the possibility of comparing study outcomes and different intervention efficacies.
In our study, we included the metric of percentage change of BMI and the reduction of at least 5% of
baseline BMI after 6 months. As for the Z-score BMI decrease, we found no differences in terms of
weight loss assessment between the two groups.

We acknowledge the presence of limitations that constrict the generalizability of our findings.
The small sample size might have underpowered the study in identifying predictors of dropout in
our cohort. Moreover, the subjects included in the study were homogeneous in terms of age, gender,
and BMI distribution, therefore we did have not enough power to detect other risk factors for attrition
to lifestyle intervention in pediatric obesity. However, at the same time, this represents also a strength
of the study. In fact, we were able to assess the independent effect of the mobile application as an
add-on therapy in the management of children and adolescents with obesity without other
confounding factors.

To date, the available scientific evidence is highly heterogeneous, and for clinicians is hard to
draw clear conclusions about the effectiveness of e-health technologies in clinical practice, especially
in pediatric age.

5. Conclusions

This prospective monocentric randomized open-label trial showed that a mobile app with an
educational and feedback activity was effective in reducing the attrition rate during a lifestyle
intervention for pediatric obesity. This effect was limited to the use of the mobile app and was not
confirmed after m-app use interruption. No effects were observed on weight loss achievement
compared to standard care.

These findings suggest that m-health technologies represent a promising tool as support in
clinical practice to empower lifestyle counseling intensity. Moreover, these tools allow healthcare
professionals to perform a multilevel approach targeting both parents and children, as advocated by
current guidelines. However, the dropout rate over time continues to be high and the strength of
these findings should be further confirmed in larger studies.
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