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ABSTRACT

Childhood overweight and obesity remain major global public health challenges associated with increased cardiometabolic
risk, psychosocial complications, and persistence into adulthood. Lifestyle interventions are considered the first-line strategy
for obesity prevention and treatment in pediatric populations. The aim of this systematic review was to evaluate the
effectiveness of lifestyle interventions in preventing and treating overweight and obesity among children and adolescents
aged 0—18 years. A systematic literature review of randomized controlled trials published between January 2016 and March
2026 was conducted using PubMed and Google Scholar databases. Studies involving dietary, physical activity, behavioral,
family-based, school-based, or technology-assisted interventions were included. Following screening and eligibility
assessment, 39 randomized controlled trials were included in the narrative synthesis. Most interventions combined nutritional
education, physical activity, behavioral strategies, and family or school involvement. Family-based and intensive
multicomponent interventions demonstrated the most consistent improvements in body mass index (BMI) and health-related
behaviors. School-based interventions generally improved lifestyle behaviors; however, their effects on anthropometric
outcomes were less consistent. Technology-assisted interventions, including exergaming and wearable devices, produced
mixed results. Several studies also reported improvements in metabolic parameters, physical activity, and quality of life
despite modest BMI reductions. Overall, lifestyle interventions may support the prevention and treatment of childhood
obesity, although their effects on BMI are generally moderate. The most effective interventions appear to be intensive,
family-centered, and multicomponent. Future research should focus on long-term follow-up, implementation feasibility, and
sustainable intervention strategies.
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1. Introduction

The prevalence of overweight and obesity among children and adolescents has increased substantially
during recent decades, becoming one of the most significant global public health concerns. Childhood obesity
is associated with increased risk of cardiovascular disease, insulin resistance, hypertension, dyslipidemia, and
psychosocial complications, while excess body weight frequently persists into adulthood (National Institute
for Health and Care Excellence [NICE], 2025). These consequences highlight the urgent need for effective
prevention and treatment strategies targeting pediatric populations.

Lifestyle interventions remain the cornerstone of obesity prevention and management among children
and adolescents. Current evidence indicates that interventions focused on dietary modification, increased
physical activity, and behavioral change may improve body weight outcomes, particularly when delivered
intensively and over prolonged periods (O’Connor et al., 2017). Moreover, multicomponent interventions
combining dietary, behavioral, and physical activity strategies appear more effective than isolated
interventions targeting a single lifestyle factor (Brown et al., 2019).

Despite growing research interest, evidence regarding the effectiveness of lifestyle interventions
remains inconsistent. Considerable variability exists in intervention design, duration, participant age, outcome
measures, and implementation settings, making comparisons between studies difficult (Smith et al., 2020).
Furthermore, improvements in dietary habits and physical activity do not always translate into statistically
significant reductions in body mass index (BMI), particularly in prevention-oriented school-based programs.

Family involvement has emerged as an important determinant of intervention success. Parents
significantly influence children’s dietary behaviors, physical activity patterns, and home food environments.
Consequently, family-centered behavioral approaches may provide more sustainable lifestyle modifications
than interventions directed exclusively toward children.
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In addition, technological innovations such as wearable activity trackers, exergaming, and mobile health
applications have increasingly been incorporated into obesity interventions. However, their long-term
effectiveness and sustainability remain uncertain.

The objective of this systematic review was to evaluate the effectiveness of lifestyle interventions in the
prevention and treatment of overweight and obesity among children and adolescents aged 0—18 years.

2. Methodology

2.1. Study Design
This study was conducted as a systematic review of randomized controlled trials evaluating lifestyle
interventions targeting childhood overweight and obesity.

2.2. Eligibility Criteria

The review included randomized controlled trials involving children and adolescents aged 0—18 years
diagnosed with overweight or obesity or studies focused on obesity prevention in pediatric populations.

The inclusion criteria were:

e randomized controlled trials published between 2016 and 2026;

e participants aged 0—18 years;

e lifestyle-based interventions targeting diet, physical activity, or behavior;

e quantitative anthropometric outcomes including BMI or BMI z-score.

The exclusion criteria were:

e observational or non-randomized studies;

e pharmacological or surgical interventions;

e adult populations;

e lack of obesity-related outcomes.

2.3. Search Strategy

A systematic literature search was conducted using PubMed and Google Scholar databases. The search
included studies published between January 2016 and March 2026. The search strategy combined controlled
vocabulary and free-text terms associated with pediatric obesity and lifestyle interventions.

The following keywords were used: “obesity,” “overweight,” “children,” “adolescents,” “lifestyle
intervention,” “dietary intervention,” “physical activity,” “behavior change,” and “randomized controlled trial.”
Boolean operators AND and OR were applied to optimize search sensitivity and specificity.

Manual searches of reference lists and evidence reviews were additionally performed to improve
comprehensiveness. Earlier landmark studies published before 2016 were additionally included to provide
historical and theoretical context relevant to childhood obesity interventions. However, only randomized
controlled trials published between 2016 and 2026 were included in the primary systematic synthesis.

2.4. Study Selection

A total of 412 records were initially identified through database searches. After removing duplicates and
screening titles and abstracts, 79 studies were selected for full-text review. Of these, 68 full-text articles were
assessed for eligibility. Finally, 39 studies met the inclusion criteria and were included in the narrative
synthesis.

2.5. Data Extraction and Synthesis

Data extraction was conducted using a standardized framework to ensure consistency between studies.
Extracted variables included study design, participant characteristics, intervention components, intervention
duration, follow-up period, and reported outcomes.

The synthesis focused on identifying patterns of effectiveness across intervention categories, including:

e family-based behavioral interventions;

e school-based prevention programs;

e dietary interventions;

e technology-assisted interventions.

Due to substantial heterogeneity among interventions, participant characteristics, intervention duration,
and outcome measures, a narrative synthesis approach was applied instead of quantitative meta-analysis.
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3. Results

3.1. Family-Based Interventions

Family-based interventions demonstrated the most consistent evidence of effectiveness among the
included randomized controlled trials. Epstein et al. (2023) reported that family-based behavioral treatment
implemented within pediatric primary care improved child weight outcomes over a 24-month period compared
with usual care. Improvements were also observed among parents and siblings, suggesting broader household-
level behavioral changes.

Similarly, culturally adapted family-centered programs such as “Abriendo Caminos” demonstrated
positive effects on BMI outcomes and family lifestyle behaviors (Teran-Garcia et al., 2023). However, not all
family-oriented interventions produced statistically significant anthropometric improvements. Robertson et al.
(2017) reported no significant BMI z-score reduction after participation in the Families for Health program,
while Moore et al. (2019) demonstrated limited effectiveness among low-income urban adolescents.

Overall, the findings suggest that active parental involvement may enhance intervention adherence and
sustainability.

3.2. Dietary Interventions

Diet-focused interventions produced mixed findings across the included randomized controlled trials,
indicating that nutritional modification alone may not be sufficient to achieve substantial and sustained
reductions in obesity-related outcomes among children and adolescents. Although many interventions
improved dietary quality, eating behaviors, and nutritional status, the effects on anthropometric measures such
as body mass index (BMI) and BMI z-score were frequently moderate or inconsistent. These findings suggest
that the long-term sustainability of healthy eating behaviors may be more important than the specific dietary
structure applied during the intervention period.

Evidence from the included studies demonstrated that different dietary strategies may produce
comparable outcomes when adherence levels are similar. In a randomized controlled trial involving
adolescents with obesity, intermittent energy restriction was not found to be superior to continuous energy
restriction after 52 weeks of follow-up (Lister et al., 2024). The study demonstrated that both approaches
resulted in similar changes in weight-related outcomes and metabolic indicators, suggesting that adherence
and long-term behavioral maintenance may play a more significant role than the specific caloric restriction
model itself. These findings may indicate that individualized and flexible dietary approaches could improve
compliance among adolescents, particularly in long-term obesity management programs.

Positive effects of nutritional interventions on diet quality and nutritional adequacy were also observed
in several studies included in the review. The ALINFA intervention demonstrated improvements in overall
diet quality and nutritional status among children aged 612 years, indicating that structured nutritional
education may support healthier food choices and better dietary habits during childhood (Andueza et al., 2023).
Similarly, improvements in nutrient adequacy and dietary intake patterns were observed among children with
abdominal obesity participating in lifestyle interventions, suggesting that comprehensive nutritional
counseling may positively influence metabolic health and reduce obesity-related risk factors (Ojeda-Rodriguez
et al., 2018). These findings are clinically relevant because childhood abdominal obesity is strongly associated
with increased cardiometabolic risk later in life.

However, not all dietary-focused strategies demonstrated clear additional benefits. Limited evidence
was found regarding the effectiveness of portion-control tools when implemented alongside standard
nutritional counseling (Ho et al., 2016). The findings suggest that mechanical or educational tools alone may
not substantially improve obesity-related outcomes without simultaneous behavioral and environmental
support. Children and adolescents often require continuous parental involvement, motivational reinforcement,
and structured behavioral guidance to maintain long-term dietary changes. Consequently, isolated dietary tools
may be insufficient when used without broader multicomponent intervention strategies.

The reviewed evidence additionally suggests that restrictive or highly structured dietary models may be
difficult to maintain over extended periods, particularly among adolescents. Developmental, social, and
psychological factors may influence adherence to dietary recommendations, including peer influence,
emotional eating behaviors, family food environments, and lifestyle habits. Therefore, interventions
emphasizing sustainable healthy eating patterns rather than short-term restrictive dieting may be more
appropriate for pediatric obesity prevention and management.
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Overall, dietary interventions appear capable of improving eating behaviors, nutritional quality, and
selected metabolic outcomes; however, their isolated effects on BMI reduction remain inconsistent. The
findings of this review indicate that nutritional strategies may be most effective when integrated into
comprehensive multicomponent interventions combining dietary counseling, physical activity promotion,
behavioral therapy, and active family involvement. Such integrated approaches may provide greater support
for sustainable behavioral modification and long-term obesity management in children and adolescents.

3.3. Physical Activity and Technology-Assisted Interventions

Technology-supported interventions demonstrated variable effectiveness across pediatric obesity
prevention and treatment programs. Home-based exergaming interventions were associated with significant
reductions in BMI z-scores and improvements in cardiometabolic outcomes among children with overweight
and obesity (Staiano et al., 2018).

In contrast, the incorporation of wearable activity trackers into adolescent weight-management
programs did not lead to significantly greater weight loss compared with standard clinical care alone (Bowen-
Jallow et al., 2021). High attrition rates suggested limited long-term adherence and declining user engagement
over time.

Similarly, school-based serious games improved obesity-related knowledge and participant engagement;
however, their effects on anthropometric outcomes remained inconsistent (Mack et al., 2020).

Overall, technology-based interventions appeared most effective when integrated into comprehensive
behavioral programs including supervision, goal-setting, and ongoing support.

3.4. School-Based Prevention Programs

School-based prevention interventions produced mixed effects on BMI-related outcomes among
children and adolescents. The WAVES study did not demonstrate statistically significant reductions in BMI
z-scores despite implementing a comprehensive school-based obesity prevention strategy (Adab et al., 2018).
Similarly, the Healthy Lifestyles Programme (HeLP) trial failed to demonstrate significant BMI improvements
(Lloyd et al., 2018).

Nevertheless, several school-based interventions reported more favorable results. The APPLE project
demonstrated significantly lower BMI z-scores among participants after a two-year follow-up period (Taylor
et al., 2007). Likewise, Liu et al. (2022) reported greater reductions in obesity prevalence in intervention
schools compared with control schools.

Although BMI outcomes remained inconsistent, many school-based interventions improved dietary
behaviors, physical activity levels, and health-related quality of life.

3.5. Metabolic and Behavioral Outcomes

Several interventions included in this systematic review demonstrated improvements in metabolic and
behavioral outcomes despite relatively modest changes in anthropometric measures such as body mass index
(BMI). These findings suggest that the effectiveness of lifestyle interventions should not be evaluated solely
on the basis of weight reduction, as clinically meaningful benefits may occur even when decreases in BMI are
relatively small. Improvements in metabolic health, physical fitness, behavioral patterns, and psychosocial
functioning may represent important indicators of intervention success in pediatric obesity management.

Evidence from intensive lifestyle intervention programs demonstrated favorable effects on
cardiometabolic health markers and physical functioning. Improvements in plasma MR-proANP
concentrations, enhanced physical fitness, and reductions in BMI were observed among children and
adolescents participating in comprehensive lifestyle interventions, indicating that behavioral modification may
positively influence both metabolic health and cardiovascular risk factors (Thomsen et al., 2021). These
findings are particularly important because obesity during childhood is associated with an increased risk of
developing cardiovascular disease, insulin resistance, hypertension, and metabolic syndrome later in life.
Consequently, even moderate physiological improvements achieved during childhood may contribute to long-
term health benefits and reduced future disease burden.

Positive behavioral and psychosocial outcomes were also reported in lifestyle intervention programs
conducted among adolescents with obesity. Improvements in physical activity levels and health-related quality
of life were observed among obese adolescents participating in intervention programs in India, although
reductions in BMI remained limited (Srivastav et al., 2024). These findings suggest that lifestyle interventions
may improve daily functioning, self-perception, emotional well-being, and participation in physical activity
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even in the absence of substantial anthropometric changes. Such outcomes are clinically relevant because
childhood obesity is frequently associated with reduced self-esteem, social stigmatization, anxiety, and
impaired quality of life.

The reviewed evidence additionally indicates that behavioral improvements may precede measurable
changes in body composition. Increased participation in physical activity, healthier dietary habits, reduced
sedentary behaviors, and improved treatment adherence may require prolonged periods before significant BMI
reductions become evident. Therefore, short-term intervention studies may underestimate the broader health
benefits associated with behavioral modification programs. In pediatric populations, where growth and
developmental changes naturally influence body composition, maintaining stable BMI trajectories or slowing
excessive weight gain may itself represent a clinically meaningful outcome.

Another important observation concerns the multidimensional nature of obesity treatment outcomes.
Several studies demonstrated that lifestyle interventions may positively influence metabolic parameters,
cardiovascular fitness, psychosocial well-being, and lifestyle behaviors simultaneously. These findings support
the growing recognition that obesity management should extend beyond weight reduction alone and include
broader health-related indicators. Improvements in physical fitness and metabolic functioning may reduce
future cardiometabolic risk even when anthropometric improvements remain moderate.

Collectively, the findings of this review suggest that lifestyle interventions may generate meaningful
behavioral, metabolic, and psychosocial benefits even when anthropometric improvements are relatively small.
Consequently, future pediatric obesity research should incorporate multidimensional outcome measures,
including metabolic markers, physical fitness, dietary behaviors, mental health indicators, and quality of life
assessments, rather than relying exclusively on BMI reduction as the primary measure of intervention
effectiveness.

4. Discussion

The findings of this systematic review reinforce existing evidence indicating that lifestyle interventions
remain fundamental in childhood obesity prevention and treatment; however, their overall effectiveness is
generally moderate and highly dependent on intervention structure, duration, intensity, and participant
engagement. Although numerous interventions demonstrated improvements in body mass index (BMI), dietary
habits, physical activity levels, and metabolic health indicators, the magnitude of anthropometric change was
often relatively modest. These findings emphasize the multifactorial nature of childhood obesity and suggest
that sustainable treatment outcomes require comprehensive and long-term approaches rather than isolated or
short-duration interventions.

One of the clearest findings across the included studies is the importance of family involvement. Family-
centered interventions consistently demonstrated more favorable outcomes than interventions targeting
children alone (Epstein et al., 2023; Robertson et al., 2017; Moore et al., 2019). Parents strongly influence
dietary patterns, food availability, meal structure, sedentary behaviors, and opportunities for physical activity
within the home environment. Consequently, interventions targeting the entire household may promote more
sustainable behavioral change by modifying the daily routines and environmental factors contributing to
obesity development. In addition, parental participation may improve treatment adherence, reinforce healthy
behaviors outside clinical settings, and provide emotional and motivational support for children and
adolescents participating in intervention programs.

The review also demonstrated that multicomponent interventions combining dietary modification,
physical activity promotion, and behavioral support appear more effective than isolated interventions.
Interventions integrating nutritional education with structured exercise programs and behavioral counseling
generally produced more consistent improvements in BMI and lifestyle behaviors than single-component
approaches. Behavioral strategies such as goal-setting, self-monitoring, motivational interviewing, and
reinforcement techniques were commonly associated with greater intervention success. These findings are
consistent with broader evidence reviews and current clinical recommendations emphasizing that obesity
prevention and treatment require coordinated behavioral and environmental changes rather than simple
educational interventions alone.

Technology-assisted interventions produced inconsistent findings. While exergaming demonstrated
promising effects on BMI, physical activity participation, and cardiometabolic health outcomes (Staiano et al.,
2018), wearable activity trackers alone did not substantially improve outcomes (Bowen-Jallow et al., 2021).
This suggests that technology should function primarily as a supportive tool integrated within broader
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behavioral programs rather than as an independent intervention. Interactive technologies may increase
motivation and engagement among children and adolescents by making physical activity more enjoyable and
accessible; however, passive monitoring devices appear insufficient when not accompanied by counseling,
supervision, or structured behavioral support. Furthermore, high attrition rates observed in several studies
indicate that maintaining long-term engagement with technology-assisted interventions remains a significant
challenge.

School-based interventions improved lifestyle behaviors, nutritional knowledge, and physical activity
participation but generally produced inconsistent BMI outcomes. Schools represent an important setting for
obesity prevention because they provide access to large pediatric populations during critical developmental
periods. Nevertheless, the inconsistent anthropometric findings observed across school-based programs may
reflect the influence of broader environmental and socioeconomic determinants extending beyond the school
setting. Family dietary habits, socioeconomic inequalities, neighborhood safety, food accessibility, and
sedentary home environments may substantially influence intervention effectiveness. Therefore, school-based
programs should ideally be combined with family involvement and community-level support to maximize their
long-term impact on obesity prevention.

Another important observation concerns intervention sustainability. Many randomized controlled trials
demonstrated short-term improvements; however, long-term follow-up data remain limited. Weight regain
after intervention cessation remains a major challenge in pediatric obesity management, suggesting that
temporary interventions may not be sufficient to maintain behavioral changes over time. Sustainable obesity
prevention likely requires ongoing reinforcement, continued access to supportive environments, and
integration of healthy lifestyle strategies into routine healthcare systems and everyday family life. Future
interventions should therefore prioritize long-term maintenance strategies, implementation feasibility,
accessibility, and cost-effectiveness, particularly among socioeconomically disadvantaged populations that
may experience greater barriers to healthy lifestyle behaviors.

Importantly, several studies included in this review demonstrated clinically meaningful improvements
in metabolic health, physical fitness, and quality of life despite relatively modest reductions in BMI. These
findings indicate that intervention effectiveness should not be evaluated solely through anthropometric
outcomes. Improvements in physical activity, dietary quality, psychosocial well-being, and cardiometabolic
risk factors may represent equally important indicators of intervention success and long-term health benefits.
Consequently, future obesity research should incorporate broader multidimensional outcome measures beyond
BMI reduction alone.

Overall, childhood obesity should be addressed using a multilevel approach incorporating individual,
family, school, healthcare, community, and policy-level strategies. Effective prevention and treatment likely
require collaboration between healthcare professionals, educators, policymakers, and families to create
supportive environments promoting healthy behaviors from early childhood onward. Addressing structural
determinants such as food environments, opportunities for physical activity, and socioeconomic inequalities
may be essential for achieving sustainable population-level improvements in childhood obesity outcomes.

5. Conclusions

Lifestyle interventions remain an essential strategy for preventing and treating overweight and obesity
among children and adolescents. However, the findings of the present review indicate that their effectiveness
is generally moderate and strongly dependent on intervention intensity, duration, comprehensiveness, and the
degree of participant and family engagement. Although many interventions demonstrated positive trends in
body mass index (BMI), physical activity, dietary behaviors, and metabolic health, the magnitude of
anthropometric improvement often remained limited. This suggests that childhood obesity is a complex
multifactorial condition influenced by biological, behavioral, environmental, social, and socioeconomic
determinants that cannot be fully addressed through short-term or isolated interventions alone.

The strongest evidence identified in this review supports intensive multicomponent interventions
combining dietary modification, physical activity promotion, behavioral therapy, and active family
involvement. Interventions integrating several lifestyle components simultaneously appeared more effective
than single-component programs focusing only on diet or exercise. These findings are consistent with current
recommendations emphasizing that sustainable obesity management requires coordinated behavioral and
environmental changes rather than isolated educational strategies. Behavioral support techniques, including
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goal-setting, self-monitoring, parental reinforcement, and motivational counseling, were frequently associated
with improved adherence and more favorable long-term outcomes.

Family-based interventions appeared particularly effective because they target the home environment
and may positively influence parents and siblings in addition to the participating child. Parents play a central
role in shaping children’s eating habits, physical activity routines, sleep patterns, and screen-time behaviors.
Consequently, interventions involving the entire family may facilitate more sustainable behavioral
modification and improve adherence to lifestyle recommendations outside structured clinical or school
environments. Several studies additionally suggested that positive lifestyle changes among parents may
reinforce healthy behaviors among children through role modeling and improved household food environments.

School-based interventions remain valuable for improving health behaviors across large populations
because schools provide continuous access to children and adolescents during critical developmental periods.
Many school-based programs improved dietary habits, health knowledge, and physical activity participation.
However, their impact on BMI outcomes was less consistent across studies. This inconsistency may reflect the
influence of broader environmental and socioeconomic factors outside the school setting, including family
behaviors, food accessibility, neighborhood safety, and sedentary lifestyles. Therefore, school-based
interventions may be most effective when combined with family and community support systems.

Technology-assisted interventions, including exergaming, wearable activity trackers, and mobile health
applications, demonstrated mixed effectiveness. Interactive technologies may increase engagement and
motivation, particularly among younger populations, by making physical activity more enjoyable and
accessible. Some interventions reported improvements in physical activity levels and cardiometabolic
outcomes through exergaming approaches. Nevertheless, technology-based interventions alone did not
consistently produce significant reductions in BMI, especially when not integrated with behavioral counseling
or structured supervision. High attrition rates observed in some studies additionally suggest that maintaining
long-term adherence to technology-assisted interventions remains challenging.

An important observation emerging from the reviewed studies is that intervention success should not be
evaluated solely on the basis of BMI reduction. Several interventions demonstrated meaningful improvements
in metabolic health, physical fitness, quality of life, dietary behaviors, and psychosocial functioning despite
relatively modest anthropometric changes. These findings indicate that lifestyle interventions may provide
clinically relevant health benefits even when weight reduction is limited. Consequently, future obesity research
should incorporate broader outcome measures beyond BMI alone to better assess intervention effectiveness.

Another significant challenge identified in the literature concerns the long-term sustainability of
intervention effects. Although short-term improvements were commonly reported, long-term follow-up data
remain limited. Weight regain following intervention completion continues to represent a major problem in
pediatric obesity management. Future randomized controlled trials should therefore prioritize long-term
follow-up, implementation feasibility, cost-effectiveness, and intervention accessibility, particularly among
socioeconomically disadvantaged populations who may face additional barriers to healthy lifestyle behaviors.

Overall, childhood obesity should be approached through integrated, multilevel strategies combining
behavioral, family, educational, healthcare, community, and policy-based interventions. Effective prevention
and treatment likely require sustained collaboration between healthcare professionals, schools, families, and
public health systems. Addressing environmental determinants of obesity, including food environments,
opportunities for physical activity, and health inequalities, may be essential for achieving long-term and
population-level improvements in childhood obesity outcomes.
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