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Abstract: The global obesity crisis demands innovative treatment approaches beyond conventional methods. This review examines
recent technological advancements in obesity management, with a focus on novel therapeutic devices and treatment modalities. We
conducted a comprehensive literature review using the PubMed, EMBASE, Cochrane Library, and Google Scholar databases (2015-
2024), focusing on studies involving obese participants (BMI = 30) and outcomes related to obesity. The evolving landscape of non-
invasive fat-reduction technologies is analyzed, including selective radiofrequency (RF), cryolipolysis, and high-intensity focused
ultrasound (HIFU) devices. The investigation is extended to emerging intragastric balloon systems, implantable neuromodulation
devices, and digital health technologies, including wearable activity trackers and mobile health applications. A critical evaluation of each
technology's efficacy, safety profile, patient selection criteria, and clinical outcomes is provided, based on recent literature, with
systematic quality assessment and evidence grading. The evolution of minimally invasive bariatric techniques is also examined,
highlighting their comparative advantages over traditional approaches. While these technologies show promise as adjunctive tools
within comprehensive treatment programs, evidence quality varies significantly, long-term efficacy data remain limited, and most
technologies require integration with traditional lifestyle interventions rather than serving as standalone solutions. However,
standardized protocols, long-term efficacy data, and cost-effectiveness analyses remain crucial needs in the field. This review provides
healthcare professionals with a framework for understanding and implementing these emerging technologies as part of patient-
centered, multidisciplinary approaches to obesity management.

Keywords: Obesity management; body contouring; non-invasive fatdreduction; intragastric balloons; neuromodulation; digital health
technologies; bariatric innoyvations.

Introduction problem has evolved into a global health crisis that is
overwhelming healthcare systems. Traditional approaches to
obesity management, including dietary plans, exercise
regimens, behavioral therapy, and pharmacological
interventions, remain fundamental and essential components of
treatment; however, they have demonstrated limited long-term
success as standalone interventions. A recurring pattern of initial
improvement followed by weight regain has been observed,
leading to increased interest in exploring innovative technologies

that may provide more sustainable solutions when integrated
The health consequences of obesity are profound and with traditional approaches [6].

multifaceted, significantly increasing the risk of cardiovascular
disease, type 2 diabetes mellitus, stroke, certain cancers, sleep
apnea, osteoarthritis, and numerous other chronic conditions [3].
Beyond individual health impacts, obesity imposes substantial
economic burdens on healthcare systems, with direct medical
costs attributed to obesity exceeding $190 billion annually in the
United States alone. Risk factors contributing to the development
of obesity include genetic predisposition, environmental factors,
sedentary lifestyle, poor dietary habits, socioeconomic

Obesity is defined bythe World Health Organization (WHO)
as abnormal or excessive fat accumulation that presents a health
risk, with aody mass index, (BMI) of 30 kg/m? or higher
indicating obesity. ‘Currently, obesity affects over, 650 million
adults worldwide;, with prevalence rates having nearly tripled
since 1975 [1]. In Jordan specifically, obesity prevalence has
reached alarming‘levels, affecting approximately 35.5% of
adults, reflecting the global‘'nature of this,epidemic [2].

This review presents findings from several years of research
and implementation of various technological advancements in
the management of obesity. It is essential to note that these
technologies represent innovative implementations and novel
approaches that enhance, rather than replace, traditional
methods. Technology serves as a supportive tool within
comprehensive treatment programs, with lifestyle modifications
remaining essential even with advanced interventions [6].

determinants, and psychological factors, creating a complex, _ The diagno§tic apprgach t.o. obesit.y has undgrgor?e
multifactorial condition that requires traditional comprehensive significant evolution over time. Initially, reliance was primarily
management approaches [4, 5]. placed on BMI calculations, which involve dividing the weight in

kilograms by the height in meters squared. While BMI continues
to be used as a starting point (=30 kg/m? for obesity), its
limitations have been increasingly recognized [7]. BMI fails to

Obesity has become a significant challenge in clinical
practice worldwide. What was once considered a localized
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account for variations in body composition, particularly in athletic
patients with significant muscle mass or older patients with
sarcopenia.

A significant challenge has been identified in diverse patient
populations regarding BMI thresholds across different
ethnicities. Modified BMI thresholds for Asian populations (Class
| obesity starting at BMI 25.0 rather than 30.0) have been
adopted by many practitioners, which has significantly altered
categorization and treatment approaches for these populations
[8]. Cases have been documented where patients with
seemingly mild elevations in BMI (e.g., 27) have presented with
alarming metabolic markers and significant visceral adiposity.

Anthropometric measurements have been recognized as
valuable supplements to BMI assessment. Waist circumference,
in particular, has been established as an essential measurement
in clinical settings. Numerous patients with "normal" BMI but
elevated waist circumference have been observed to exhibit
significant cardiometabolic risks. Additional insights can be
gained from waist-to-hip ratio measurements, and the A Body
Shape Index (ABSI) has been increasingly utilized, as it appears
to predict mortality risk more accurately than BMI alone. It is
worth noting that consistent measurement techniques require
extensive staff training to ensure reliability [9].

For complex presentations or when invasive treatment
decisions are being considered, advanced body composition
analysis is increasingly being employed. Bioelectrical impedance
analysis (BIA) equipment has been incorporated into many
clinical settings. At the same time, more detailed assessments,
such as dual-energy X-ray absorptiometry (DEXA) or, magnetic
resonance imaging (MRI), are utilized when' necessary,
particularly for quantifying visceral adipose tissue [10]. The
prohibitive cost of these advanced techniques forroutine use has
been noted.

Through clinical experience, it has been demonstrated that
no single measurement provides al complete assessmenty A
combination of measurements is typically obtained, including
BMI, waist circumference, and, when feasible, body composition
analysis, which collectively provide a ‘more comprehensive
picture of each patient's unique risk profile and help guide
treatment recommendations. While this multimodal, approach
requires additional time, it yields more personalized and effective
interventions.

Methodology

A comprehensive literature, search“was conducted using
PubMed, EMBASE, Cochrane Library, and Google Scholar
databases covering the \périod from 2015 to 2024. The search
strategy employed keywords including "obesity management,”
"body contouring," "non-invasive fat reduction," "intragastric
balloon," "neuromodulation;* "digital health," "bariatric surgery,"
"weight loss technology,” and "obesity devices" in various
combinations using Boolean operators.

Inclusion criteria comprised: (1) studies focusing on
participants with obesity (BMI =30 kg/m?), (2) interventions
targeting obesity-related outcomes (weight loss, BMI reduction,
metabolic improvements), (3) peer-reviewed articles published
in English, (4) original research studies, systematic reviews, and
meta-analyses, and (5) studies with clearly defined methodology
and outcome measures. Exclusion criteria included: (1) studies
focusing solely on cosmetic outcomes without obesity-related
endpoints, (2) case reports with fewer than 10 participants, (3)
studies with participants having BMI <30 kg/m? when making
obesity management claims, (4) publications from predatory
journals, and (5) studies lacking clear methodology or outcome
measures.
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Evidence quality was assessed using a standardized
grading system: Level A (systematic reviews and meta-
analyses), Level B (randomized controlled trials (RCTs)), Level
C (cohort studies and case-control studies), and Level D (case
series and expert opinion). Although this is not a systematic
review, transparency in the literature selection and quality
assessment process was maintained throughout the evaluation.

Technology Classification Framework

The technologies discussed in this review are categorized
into two distinct approaches: (1) Novel therapeutic innovations
that employ new mechanisms of action to target obesity through
previously unexplored pathways, and (2) Implementation
innovations that utilize technology to enhance the effectiveness,
adherence, or delivery of traditional obesity management
approaches. This distinction is crucial for understanding the role
and appropriate application of each technology category.

Novel therapeutic innovations include non-invasive body
contouring technologies, intragastric balloon systems, and
implantable neuromodulation devices that target obesity through
mechanisms distinct from \traditional dietary and exercise
interventions. Implementation ‘innovations encompass digital
health technologies; 'wearable devices, and telemedicine
platforms that\<enhance traditional lifestyle modification
approaches through improved monitoring, motivation, and
adherence support.

Non-Invasive Body  Contouring and Fat Reduction
Technologies

Non-invasive, body contouring technologies have been
extensively investigated over recent years. These devices have
generated significant interest among patients, particularly those
who are not candidates for surgical intervention but desire visible
results. It is crucial to understand that these technologies are
body contouring tools rather than obesity treatments per se, best
suited)for patients at or near target weight with localized fat
deposits  rather than  comprehensive  weight loss
interventions. Three main categories of these technologies have
been identified based on their mechanism of action: heating,
cooling, or mechanically disrupting fat cells (Table 1) [11].

Radiofrequency-Based Systems

Radiofrequency (RF) devices have been implemented in
numerous clinical settings. The Vanquish system, a contactless
technology that selectively targets fat through an
electromagnetic field, has been studied in limited clinical
trials [12]. The mechanism involves resonance creation, which
heats fat cells more intensely than surrounding tissue. Fat's
higher impedance causes it to absorb more energy than water-
rich tissues.

Patients generally report that Vanquish treatments are
comfortable, typically experiencing a warm sensation without
pain. Modest  circumferential reductions, averaging
approximately 4.5 cm in the abdominal region, have been
documented after a series of 4-6 weekly treatments (Evidence
Level: C - limited cohort data). An advantage of this system is
the ability to treat larger areas in a single session compared to
alternative technologies. Side effects have been primarily limited
to temporary erythema that resolves within a few hours
[13]. However, long-term durability data beyond 12 months are
lacking, and results appear highly operator-dependent.

The BodyFX platform, which combines RF with vacuum
pressure and high-voltage pulses, has also been studied in small
case series. The technology creates controlled thermal injury to
fat cells while simultaneously improving circulation and
stimulating collagen remodeling [14]. Clinical cases have been
documented where a reduction of 2.5 cm in waist circumference
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was achieved after six treatments. The treatment is reported to
be somewhat uncomfortable, with patients describing it as
feeling like a hot deep-tissue massage with occasional zapping
sensations [15]. Limitations include variable patient response,
discomfort during treatment, and limited evidence base with
small sample sizes.

The Accent Prime system has been more recently
introduced to clinical practice. This system was developed to
combine RF with ultrasound technology, providing both fat
reduction and skin tightening effects [16]. This combination has
been particularly beneficial for post-pregnancy patients
concerned with both excess adiposity and skin laxity. However,
results have been observed to be highly operator-dependent,
necessitating significant staff training to achieve consistent
outcomes. Current evidence is limited to case series and
manufacturer studies, underscoring the need for additional
independent validation.

Cryolipolysis Systems

CoolSculpting, one of the first non-invasive body contouring
technologies to gain widespread adoption, remains a popular
option. The technology employs a simple concept - cooling fat
cells to temperatures that trigger crystallization and apoptosis
without damaging surrounding tissues [17]. The selective nature
of cryolipolysis has been well-documented - adipocytes are
observed to be more vulnerable to cold injury than other cell
types (Evidence Level: B - supported by randomized controlled
trials (RCTs)).

The procedure involves application of an applicator 1o the
treatment area for approximately 35-45 minutes. Post-treatment
massage is typically performed to disrupt the crystallized fat,
which has been associated with improved results based on
clinical observations [18].

Fat layer reductions of approximately 20-25% “havebeen
documented in responsive patients. Results are not immediately
apparent; changes are typically first noticed at approximately,3
weeks, with maximum results_becoming visible around 2-3
months post-treatment [19]. This'gradual development of results
presents both advantages and disadvantages. The natural-
looking changes without the abruptness of surgical results are
appreciated, while the extended waiting period forpvisible
outcomes can, be discouraging for some patients. Long-term
follow-up studies indicate that results may persist for 2-4 years,
though weight'gain canicompromise outcomes.

Few significant, adverse ‘effects have been reported with
cryolipolysis, although cases of paradoxical adipose hyperplasia
(PAH) have been ‘documented. This, rare but concerning
complication results in‘growth rather than reduction of the fat
layer, with a very low incidence rate. Manufacturer assistance in
addressing such complications has been noted [20]. Other

limitations include treatment discomfort, prolonged treatment
time, and variable patient response rates.

High-Intensity Focused Ultrasound Systems (HIFU)

Ultra Shape represents another category of non-invasive
technology that has been incorporated into treatment protocols.
Unlike thermal-based systems, UltraShape utilizes pulsed
ultrasound energy to create mechanical disruption of adipocytes
without thermal effects [21]. This distinct mechanism has been
particularly valuable for patients with concerns about heat or cold
sensitivity (Evidence Level: C - limited controlled studies).

A typical treatment protocol involves a series of three
treatments spaced two weeks apart. The procedure is reported
to be virtually painless, with patients experiencing a light tapping
sensation, which has been particularly well-received by those
with sensitivity concernss»Varied results have been observed
between patients, with waist circumference reductions averaging
2.5-3 cm, but with significant individual variation [22]. However,
systematic reviewstindicate high variability in outcomes, with
some patients showing minimal response.

The efficacy of UltraShape is highly ‘dependent on proper
technique.yImproved results have been documented following
refinement of the methodology for marking treatment areas and
ensuring complete coverage with the transducer [23]. Patient
selection has been, identified as a crucial factor; minimal
effectiveness has beeniobserved in patients with a BMI over 30
or in those with significant{skin laxity. The cost-effectiveness
remains ‘questionable, given the modest results and high
treatment costs:

Critical Analysis and Limitations

Across all non-invasive technologies, several important
limitations must be acknowledged. Patient selection and
expectation management are crucial, as these procedures are
body, contouring tools rather than weight loss treatments. Most
technologies demonstrate minimal effectiveness in patients with
a BMI greater than 30 and require realistic expectations to be
set. Patients seeking dramatic transformations typically require
referral to more appropriate interventions. Long-term durability
studies are limited, with most follow-up data extending only 6 to
12 months. Cost-effectiveness remains unestablished for most
technologies. Additionally, results are highly operator-
dependent, requiring significant training and standardization to
ensure consistency.

Combination approaches utilizing different technologies
sequentially have demonstrated enhanced patient satisfaction.
For example, initiating treatment with CoolSculpting for fat
reduction followed by RF for skin tightening has produced
favorable outcomes. The non-invasive nature of these
technologies allows such combination approaches without
significant additional risk [24].

Table (1): Evidence-Based Comparison of Non-Invasive Body Contouring Technologies.

Technology (Esvti::ﬁ;efgl;;l) Sample Size/BMI Range A‘z%rifguem?:r:l;gte';) n Treatment Protocol Reference
Radiofrequency _ 417 cm .
(Vanquish METM) RCTs (Level B n=36, BMI 25-30 circumference 4 weekly 45-minute treatments [25]
3 cryolipolysis treatments- 45-
Cryolipolysis) RCTs (Level B) n=15, BMI 22.91-34.58 p=0.32 minute treatments, at 6-week [26]
intervals.
HIFU RCTs (Level B) n=20, BMI 27.34 . 3.43 cm 2 treatment sessions, 4 weeks 27]
circumference apart

Endoluminal Techniques: Intragastric Balloon Systems

Intragastric balloons have significantly altered the approach
to patients with moderate obesity who are not candidates for
surgery but require more intensive intervention than lifestyle
modification alone. These devices occupy gastric volume to
induce early satiety and restrict food intake, essentially creating

Pal. Med. Pharm. J. Vol. XX (X), 202X

a mechanical barrier to overeating. They have been particularly
valuable as "bridge" therapy to help patients establish new eating
patterns before transitioning to long-term lifestyle management
(Table 2) [28]. However, these devices require concurrent
intensive behavioral modification programs to achieve
sustainable long-term outcomes.
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Current Generation Balloon Systems

The Orbera system has been extensively studied and
implemented in clinical practice (Evidence Level: B - multiple
RCTs available). This system consists of a silicone balloon that
is placed endoscopically and filled with saline (typically 400-
700ml, adjusted based on patient tolerance). In a multicenter
study of 125 patients, a weight loss of approximately 10.2 kg was
documented after 6 months, representing an excess weight loss
of about 32.1%; however, considerable variation was observed
across individual patients [29]. However, long-term follow-up
studies indicate that patients maintain only 30-40% of their initial
weight loss at 12 months post-extraction, highlighting the critical
importance of concurrent behavioral interventions.

The system's simplicity is advantageous, although the
requirement for endoscopic placement and removal necessitates
careful patient selection to ensure procedure tolerability. Early
removal has been necessary in approximately 8% of patients
due to intolerance, manifesting as persistent nausea, vomiting,
or abdominal pain unresponsive to medication adjustments [30].
This early removal rate is consistent with published data,
although prophylactic antiemetics and proton pump inhibitors
have been found to reduce these complications. Additional
complications include balloon deflation, gastric obstruction, and
rare cases of gastric perforation.

The ReShape Dual Balloon system has demonstrated
different characteristics in clinical applications. Its two
interconnected balloons were designed to better conform to‘the
gastric anatomy and reduce the risk of migration. Slightly
improved tolerability compared to single balloon systems has
been reported, although the placement procedurefis somewhat
more complex [31]. Weight loss results have been observed to

Table (2): Evidence-Based Comparison of Intragastric Balleon Systems.

be comparable to the Orbera system. A notable advantage is the
reduced likelihood of rotation within the stomach, which may
potentially decrease symptoms such as nausea. However, the
system was discontinued by the manufacturer in 2020 due to
insufficient demand and reimbursement challenges.

The Obalon system represents a distinctly different
approach that has generated significant interest. Rather than
endoscopic placement, patients swallow a capsule containing
the balloon, which is subsequently inflated with nitrogen gas
under fluoroscopic guidance [32]. A typical protocol involves
placement of three balloons over 12 weeks, allowing gradual
accommodation to the occupied space. Fewer immediate post-
placement symptoms have been reported with this progressive
approach. However, overall weight loss appears to be slightly
less than with fluid-filled balloons, based on limited clinical
observations [33]. Clinical trials;have shown an average excess
weight loss of approximately 26%.

More recently, the Spatz3 Adjustable Balloon has been
introduced.into clinical practice. Its unique adjustability feature
allows for volume modification during the treatment period—a
capability that has proven valuable in clinical applications [34].
For patientsiexperiencing significant intolerance, volume can be
temporarily reduced and subsequently‘increased as tolerance
improves. Conversely, for patients who appear to be
accommodating to the balloon (as,evidenced by slowing weight
loss), volume can be increased to re-establish the satiety effect.
This flexibility has permitted extended placement up to 12
months in selected patients, although long-term outcome data
continue to be 'collected. However, the adjustability feature
requires additional endoscopic procedures, increasing overall
costs and procedural risks.

. < Average excess . . I
Balloon System Evidence Level Study Population Weight Loss (EWL) Duration Major Complications Reference

Orbera Level B (RCTs) n=255, BMI 30-40 20,7 6 months Nausea, vomiting, 135]

abdominal pain
ReShape Dual Level B (RCTs) n=187, BMI 30-40 25.1% 24 months Balloon deflation [36]
Obalon LevelB (RCTs) n=387, BMI 30-40 26% 6 months Lower complication rate [37]
Spatz3 Level B (RCTs) n=180, BMI 30-40 18.56% 6 months spontaneous deflation 138]

and early retrieval

Clinical Efficacy and Limitations

Results awith, intragastric' balloons have been mixed but
generally positive. »A meta-analysis has demonstrated a
weighted mean'excess weight loss of approximately 25.44% with
these devices [29],,whichis eonsistent with observed clinical
experience (Evidence), Leveli’ A -nmeta-analysis). While the
weight loss is not as'substantial as thatiachieved with bariatric
surgery, it is significantly greater than what is typically
accomplished with lifestyle modification alone.

A critical limitation is the high rate of weight regain following
balloon removal. Research indicates that most patients regain
approximately 58% of their original weight after balance removal.
This pattern has necessitated a fundamental reconsideration of
balloon therapy implementation, emphasizing the need for
intensive behavioral support programs that extend well beyond
balloon removal [39].

Revised protocols have been developed to include
comprehensive lifestyle modification before, during, and after
balloon placement. Patients are typically required to work with
nutritional and behavioral therapists, beginning at least one
month before placement and continuing for at least six months
after removal. This integrated approach has been associated
with improved long-term outcomes, although formal data
collection is ongoing.
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Patient selection has been identified as critical to success.
Optimal results have been observed in patients with a BMI of 30-
40 kg/m?* who have demonstrated commitment to lifestyle
changes but struggled to maintain them [40]. The balloon
appears to provide sufficient assistance to overcome plateaus
and establish sustainable habits. Conversely, patients seeking a
"magic bullet" without behavioral change have been observed to
regain weight rapidly after removal.

Cost-effectiveness analysis reveals significant challenges.
These devices are typically expensive and have limited
insurance coverage. When factoring in the high weight regain
rates and need for intensive behavioral support, the cost per
kilogram of sustained weight loss at 2-5 is high, raising questions
about resource allocation compared to alternative interventions.

Implantable Neuromodulation Devices

The concept of modulating neural pathways involved in
appetite regulation presents fascinating potential. These
technologies aim to influence the gut-brain axis through electrical
stimulation, potentially addressing complex neurohormonal
aspects of obesity that many other treatments fail to target.
However, clinical experience with these devices has been more
complicated than initially anticipated, with several promising
technologies ultimately failing to demonstrate sufficient efficacy
for widespread clinical adoption.
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Vagal Nerve Stimulation/Blocking Systems

Clinical trials of the Maestro Rechargeable System (vBloc
therapy) have been conducted with mixed results (Evidence
Level: B - randomized controlled trials (RCTs) available). The
device delivers electrical pulses to block vagal nerve signaling
between the stomach and brain [41]. The theoretical foundation
is sound - by interrupting hunger signals and delaying gastric
emptying, food intake can be reduced without anatomical
alterations.

The ReCharge pivotal trial demonstrated 24.4% greater
weight loss in the active therapy group compared to 15.9% in the
sham group at 12 months [42]. While statistically significant, this
difference was less substantial than anticipated for such an
invasive intervention. Patient experiences have been similarly
modest - noticeable but not as dramatic as might be expected
given the surgical implantation requirement. The absolute weight
loss difference was only 8.5% versus 4.9%, which many experts
considered insufficient to justify the invasive nature and costs of
the procedure.

Long-term follow-up has demonstrated sustained weight
loss at 18 months, accompanied by meaningful improvements in
cardiometabolic parameters [43]. Adverse events have been
generally manageable - primarily pain at the neuroregulator site,
heartburn, and occasional dyspepsia. The reversibility of the
approach is advantageous, particularly for younger patients
concerned about permanent anatomical changes. However,
device-related complications include lead displacement,
infection rates, and the need for battery replacement every 3-5
years.

The cost-effectiveness of this approach = remains
questionable based on current data. Given the expense of the
device and implantation procedure, the modest \weight loss
differential compared to lifestyle interventionialone has limited
widespread recommendation. This option is typically reserved
for patients with specific contraindications to other approaches
who are fully informed about| the Ilimited efficacy
expectations. The manufagcturer discontinued the device in 2020
due to insufficient market adoption “and reimbursement
challenges.

Gastric Electrical Stimulation

Clinical «éxperience with ) gastric electrical stimulation
systems has' beennless encouraging (Evidence Level: C-D -
limited and conflicting data). These devices deliver electrical
pulses directly to'the stomach,wall, aiming to influence motility,
hormone secretion; and neural signals [44]. Despite compelling
mechanistic rationale, real<world resultsshave been inconsistent.

The Transcend implantable gastric stimulation system was
discontinued after a multicenter randomized controlled trial failed
to demonstrate significant. weight loss differences between
active and control groups. The study, which included 190
patients followed for 12 months, showed only a 0.1 % excess
weight loss difference compared to sham stimulation, well below
the predetermined efficacy threshold. Similar disappointing
results were observed with other gastric electrical stimulation
devices, leading to widespread abandonment of this approach
[45].

The discrepancy between theoretical promise and clinical
outcomes underscores the complexity of appetite regulation and
the challenges of targeting a single pathway in a multifaceted
system [46].

Currently, gastric electrical stimulation is considered a failed
approach in obesity management. The lack of efficacy,
combined with surgical risks and high costs, has led to the
discontinuation of research and clinical programs. Patients
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interested in neuromodulation approaches are occasionally
referred to ongoing clinical trials investigating newer
technologies, but gastric electrical stimulation is no longer
recommended as part of standard treatment protocols.

Digital Health Technologies

The proliferation of digital health tools has fundamentally
transformed the approach to managing obesity. These
technologies have democratized access to monitoring and
support systems previously available only through intensive in-
person programs. However, the vast number of available options
has created challenges in identifying those tools that produce
meaningful outcomes. Additionally, significant disparities exist in
access to technology and digital literacy, which can potentially
exacerbate health inequalities if not properly addressed.

Wearable Activity Trackers

Wearable activity monitors-have evolved substantially from
simple pedometers. Contemporary \devices track multiple
parameters,gincluding 'steps, heart rate; sleep patterns, and
stress levels, providing unprecedented insights into patients’
daily habits. A meta-analysis of 14 randomized controlled trials
(RCTs) found that intervention groups using wearable activity
monitors achieved( significantly” greater weight loss (mean
difference, —1.27 kg) and increased physical activity compared
to control groups [47] (Evidence Level: A - systematic review and
meta-analysis).

These\devices serve multiple functions in clinical practice.
They provide,objective data that often reveals discrepancies
between perceived and actual activity levels; many patients
express surprise ah their sedentary patterns when confronted
with the objective data. Continuous feedback helps maintain
motivation by visualizing goals and recognizing achievements.
Connectivity features allow data sharing with healthcare teams
and,supportive peers [48].

However, significant limitations have been identified.
Engagement consistently wanes over time, with most studies
showing that users discontinue regular use within 6 months.
Accuracy limitations exist, particularly for heart rate monitoring
during high-intensity activities and calorie expenditure
calculations: device costs and the need for regular
charging/maintenance present barriers for some patients.
Additionally, the data generated can become overwhelming
rather than motivating for certain personality types [49]. To
address this issue, "refresher" sessions have been implemented
where patients bring devices to appointments for data review and
new goal setting. Periodic challenges, such as step
competitions, have been found to re-engage patients who have
become complacent.

The technology itself appears less important than its
implementation. Device complexity should be matched to the
patient's technological comfort level and specific monitoring
needs. For some patients, a simple step counter provides
sufficient feedback, while others benefit from more sophisticated
metrics and analyses. Ensuring data remains actionable rather
than overwhelming has been identified as a key factor in
successful implementation.

Mobile Health Applications

The proliferation of weight management apps has presented
both opportunities and challenges. These applications offer
combinations of dietary tracking, educational content, behavioral
coaching, and community support at a fraction of the cost of
traditional programs. However, quality varies dramatically, and
many patients struggle to identify evidence-based options
among the thousands available [50]. Research on weight
management apps found that the potential of mobile health apps
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in facilitating weight loss lies in their ability to increase treatment
adherence through strategies such as self-monitoring.

The most effective applications have been observed to
combine several key features: comprehensive food databases
with barcode scanning capabilities, personalized feedback on
nutritional patterns, structured goal-setting frameworks, social
support mechanisms, and meaningful integration with wearable
devices [51, 52]. The behavioral change techniques embedded
in these apps appear to be the critical factor determining their
effectiveness rather than superficial design elements (Evidence
Level: B - multiple randomized controlled trials(RCTs) available
for select apps).

Different demographic groups engage with distinctly different
app styles. Younger patients typically prefer gamified interfaces
with social competition elements, while older adults often engage
more effectively with simpler, education-focused tools. Cultural
considerations significantly impact engagement - apps offering
culturally relevant food databases and meal suggestions have
been associated with substantially better engagement among
diverse patient populations [53]. However, significant barriers
include declining engagement rates that typically discontinue
within 3 months, privacy concerns regarding the sharing of health
data, and the lack of integration with healthcare providers for
most consumer apps.

Telemedicine and Remote Monitoring Systems

The integration of telemedicine into obesity management
programs has accelerated, particularly during the COVID-19
pandemic. What began as a convenience option for select
patients has evolved into a core component of clinical, practice.
Virtual consultations now comprise a substantial portion of
follow-up visits, with high satisfaction ratings ¢eported by both
patients and providers [54] (Evidence Level: B, - multiple
controlled studies available).

Beyond simple video Vvisits,| comprehensive " remote
monitoring systems have been implemented that integrate
weight data, activity levels, _and basic biometrics. These
connected health platforms enable more frequent, yet less
intensive, touchpoints between formal “visits. Weekly data
dashboards can be reviewed, allowing brief), personalized
messages to be sent to patients that highlight concerning
patterns, while automated, systems deliver positive
reinforcement for progress.

A randomized, controlled trial evaluating a remote monitoring
approach demonstrated significantly greater weight loss in the
intervention group (-4:4 kg) compared to standard care (-0.2 kg)
over 12 months [55]: Equally important;,the remote monitoring
group showed higher ‘retention rates and satisfaction scores,
suggesting enhanced engagement with treatment.

Limitations of telemedicine approaches include technology
access disparities, with rural and lower-income populations
facing limitations in broadband and device access. Digital
literacy requirements may exclude older adults or those with
limited technology experience. Privacy and security concerns
exist regarding the transmission of health data. Additionally, the
lack of physical examination capabilites may limit
comprehensive assessment and intervention options.

The future of digital health in obesity management may be
found in increasingly sophisticated Al-driven personalization.
Early-stage systems can already identify individual response
patterns and adapt recommendations accordingly. While
cautious skepticism about technological promises is warranted,
the trend toward precision digital health appears promising
based on initial implementations.
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Advancements in Minimally Invasive Bariatric Surgery

For patients with severe obesity or significant comorbidities,
bariatric surgery remains the most effective intervention
available. However, the field has evolved substantially from open
procedures to extended hospitalizations. Today's minimally
invasive approaches have transformed the risk-benefit calculus,
making surgical intervention a viable option for a broader patient
population. Current evidence demonstrates that bariatric surgery
yields superior long-term weight loss and resolution of
comorbidities compared to all non-surgical approaches, with
modern techniques achieving low mortality rates [56].

Single-Incision Laparoscopic Surgery (SILS)

Single-incision  laparoscopic approaches to sleeve
gastrectomy and gastric bypass have received significant
attention in the surgical;eommunity. These techniques reduce
the number of abdominal access points from the traditional 5-6
ports to a single multi-channel port, typically placed through the
umbilicus. The cosmetic advantage is substantial - a nearly
invisible scar hidden within the umbilicus\rather than multiple
visible 4incisions (Evidence ‘Level: B - ‘multiple comparative
studies available).

A meta-analysis'’comparing SILS versus conventional multi-
port laparoscopy for sleeve gastrectomy demonstrated
comparable safetyprofiles and weight loss outcomes [57].
Patients typically report,somewhat less post-operative pain and
greater cosmetic satisfactioni However, the technical challenges
are considerable; instrument triangulation becomes significantly
more difficult, \and the learning curve is steep, even for
experienced laparoscopic surgeons. Also, operative times are
typically longer.

While SILS represents an incremental improvement in
minimally invasive bariatric surgery, its adoption is likely to
remain limited to high-volume centers with surgeons who are
specifically trained in these techniques. The modest benefits
may not justify the technical complexity and extended operative
times for most practices. A cost-effectiveness analysis suggests
a minimal advantage, given the similar outcomes and increased
operative complexity.

Robotic Bariatric Surgery

Robotic assistance represents another evolutionary
advancement in bariatric surgery. These platforms provide
enhanced visualization, improved dexterity, and surgeon
ergonomics compared to conventional laparoscopy. These
advantages are particularly valuable in complex revisional
procedures or patients with unusual anatomy (Evidence Level: B
- comparative studies available).

A systematic review comparing robotic-assisted versus
laparoscopic Roux-en-Y gastric bypass found comparable safety
profiles and weight loss outcomes, with a potential reduction in
anastomotic leak rates in the robotic group (0.6% versus 1.1%)
[58]. However, the increased costs and operative times
associated with robotic approaches have limited widespread
adoption—the additional cost per case is primarily due to
disposable instrument costs and longer operative times.

Robotic assistance is currently viewed as a valuable tool for
specific complex cases rather than a standard approach for all
bariatric procedures. As technology continues to advance and
more surgeons acquire robotic credentials, the cost-benefit
analysis may shift toward broader implementation, particularly if
consistently  reduced  complication rates can  be
demonstrated. However, current evidence does not support
routine use of robotics for primary bariatric procedures, given the
increased costs without proven superior outcomes.

6
Published: An-Najah National University, Nablus, Palestine



Primary Endoscopic Procedures

Perhaps the most transformative recent development has
been the emergence of purely endoscopic bariatric procedures.
These approaches offer substantially reduced invasiveness
compared to traditional surgery while providing greater efficacy
than non-surgical alternatives. Endoscopic sleeve gastroplasty
(ESG) has been a primary focus of investigation in this
category (Evidence Level: C - case series and cohort studies).

ESG creates a restrictive sleeve using endoscopically
placed full-thickness sutures along the greater curvature of the
stomach. A multicenter study demonstrated mean total body
weight loss of 15.2% at 18 months with a favorable safety profile
(1.2% serious adverse event rate) [59]. While less effective than
surgical sleeve gastrectomy, this outpatient procedure fills an
important gap for patients with moderate obesity (BMI 30-35)
who previously had few effective options. However, long-term
durability remains questionable, with some studies showing
significant weight regain after 2 years. Additionally, the
procedure requires specialized training and equipment, limiting
widespread availability.

Transoral outlet reduction (TORe) has proven valuable for
addressing weight regain after Roux-en-Y gastric bypass. Rather
than performing complex surgical revisions, the gastrojejunal
anastomosis can be endoscopically revised when dilation occurs
over time [60]. Results have been consistent with published data,
showing an average weight loss of 8.4 kg at 12 months following
this relatively simple intervention. However, repeat procedures
are often necessary, and patient selection criteria remain ‘poarly
defined.

These endoscopic approaches have significantly expanded
treatment options, particularly for patients who fall into the
traditional "treatment gap" between lifestyle/pharmacotherapy
and conventional bariatric surgery«" However,  insurance
coverage remains inconsistent, limiting access for many
appropriate candidates. Cost-effectiveness data are limited, and
long-term outcomes beyond 2-3 years, are lacking for most
endoscopic procedures.

Future Research Directions

Several critical research needs have been identified across
all technology categories. Randomized controlled trials (RCTs)
evaluating combination therapies are urgently needed, as most
patients benefit from, multimodal approaches rather than single
interventions. “Comprehensive cost-effectiveness analyses
comparing technologies across the obesity treatment spectrum
are essential for healthcare policy, development and resource
allocation decisions.

Long-term follow-up protocols extending 5-10 years are
crucial for understanding, the true durability and cost-
effectiveness of interventions. Standardized outcome measures
and assessment tools need development to enable meaningful
comparison across studies and technologies. Personalized
medicine approaches utilizing genetic, metabolic, and behavioral
profiling to match specific interventions to individual patients
represent a promising future direction.

Additional research priorities include investigating
technology-enhanced behavioral interventions, developing Al-
driven personalization algorithms, establishing training and
certification standards for emerging technologies, and evaluating
the health equity impacts to ensure that technologies don't
exacerbate existing disparities.

Conclusion

Following the extensive implementation of these
technologies in clinical practice over the past decade, several
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observations can be made regarding their role in comprehensive
obesity management. The evidence demonstrates that while
technological innovations offer valuable adjunctive tools, no
single approach represents a comprehensive solution for obesity
treatment. Most importantly, these technologies enhance rather
than replace traditional lifestyle modification approaches, which
remain fundamental to successful long-term obesity
management.

Initial expectations for many of these innovations were
perhaps unrealistic. It has become evident that while technology
offers valuable tools, no single approach represents a
comprehensive solution for obesity treatment.

Non-invasive  body contouring technologies have
demonstrated mixed results in clinical applications. They have
proven effective for addressing localized fat deposits in
motivated patients who have reached plateaus with lifestyle
changes. However, patient expectations must be carefully
managed, as dramatic transformations are rarely achieved.
These technologies “are, best positioned as complementary
approaches for patients with a BMI under 30 who understand
their limitations. The evidence base remains limited, with most
studies showing modest and variable results that may not justify
the high costs for most patients.

Intragastric * balloons have demonstrated unexpected
effectiveness as “transitional «toels. When combined with
intensive behavioral support they create a valuable window for
habit formation. The 6-month placement period appears to
provide sufficient time for the establishment of new eating
patterns that ‘may persist after removal. However, limited
insurance coverage remains a significant barrier to access. The
high rate of weight regain (60-70% within 2-5 years) emphasizes
that balloons must be viewed as facilitators of behavioral change
rather than standalone treatments.

Implantable neuromodulation devices have been less
successful than initially anticipated. Despite promising early
data, clinical experience with vagal nerve stimulation and gastric
electrical stimulation has demonstrated modest results that
rarely justify the invasiveness and associated costs. Significant
technological improvements will be required before these
approaches can be widely recommended. Several devices have
been discontinued due to insufficient efficacy, highlighting the
challenges of targeting complex neurohormonal pathways in
obesity.

Digital health tools have become integral to modern obesity
management, although not always in anticipated ways. Different
patient populations respond to distinctly different technologies.
Younger patients typically engage well with gamified apps and
social competition features, while older patients often prefer
simplified  tracking tools with  practitioner oversight.
Personalization of technology to individual preferences and
needs has been identified as a key factor in achieving
success. However, high discontinuation rates and technology
access disparities remain significant challenges requiring
attention to ensure equitable implementation.

Bariatric surgery techniques have undergone substantial
evolution, with a trend toward increasingly less invasive
approaches. The introduction of endoscopic procedures has
addressed an important gap for patients with moderate obesity
who previously had limited effective options. Traditional bariatric
surgery remains the most effective intervention for severe
obesity. Current evidence strongly supports bariatric surgery as
the gold standard for patients with a BMI 240 or 235 with
comorbidities, with modern techniques achieving excellent
safety profiles and durable outcomes.
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Three major challenges persist in the field: First,
standardized protocols for patient selection across these
technologies are lacking, with heavy reliance on clinical
judgment and empirical methods requiring the development of
evidence-based selection criteria. Second, long-term outcomes
data beyond 2-3 years are limited for many innovations, creating
uncertainty about the durability of results and true cost-
effectiveness.  Third, comprehensive cost-effectiveness
analyses are lacking for most technologies, limiting evidence-
based resource allocation and policy decisions.

Despite these challenges, cautious optimism is warranted
regarding the evolving technological landscape for obesity
management. The future likely lies not in discovering a single
perfect technology but in developing increasingly sophisticated
methods for matching specific intervention combinations to
individual patient characteristics. A precision medicine approach
involving personalized technology-enhanced treatment plans
rather than standardized protocols may better serve the complex
needs of patients with obesity. However, this will require
substantial investment in research infrastructure, development of
predictive algorithms, and healthcare system adaptations to
support individualized care delivery.
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