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illnesses, such as type 2 diabetes, hypertension, and car-
diovascular disease [2]. Evidence also indicates that 
obesity plays a significant role in the growing burden of 
disability-adjusted life years (DALYs) [3]. According to 
clinical guidelines, a body mass index (BMI) of 30 kg/
m² or higher [4] is linked to a markedly increased risk of 
mortality [5].

While short-term weight reduction is achievable 
through various interventions [6], long-term weight main-
tenance remains a major clinical challenge in the man-
agement of obesity [7]. Recurrent weight gain (RWG), 
defined as late weight regain following an initially suc-
cessful weight loss, is normal after all types of interven-
tions [8]. Over time, repeated cycles of weight loss and 
regain across multiple attempts to reduce body weight, 
defined as weight cycling [9], which has been associated 
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with increased free fatty mass [10], adverse effects on the 
cardiovascular system [11], a higher incidence of type 1 
and type 2 diabetes [12], and the progression of chronic 
inflammation [13].

Effective weight management requires a long-term, 
comprehensive approach that is personalized to individual 
goals and considers the risk-benefit balance of available 
treatments [14]. In individuals with obesity (BMI ≥ 30 kg/
m²), existing studies have largely focused on promoting 
weight reduction through approaches such as lifestyle 
modification, pharmacotherapy, or metabolic and bariatric 
surgery (MBS) [15]. Lifestyle modification is widely 
regarded as the foundation of obesity treatment due to its 
favorable impact on health behaviors and cardiometabolic 
outcomes [16]. When lifestyle modification alone is 
insufficient for weight reduction, pharmacotherapy 
offers an alternative option for adults with overweight or 
obesity. GLP-1 receptor agonists are effective for weight 
loss, with semaglutide demonstrating greater efficacy 
than phentermine-topiramate, bupropion-naltrexone, 
orlistat, and liraglutide in recent meta-analyses [17], 
and recent trials have also provided long-term follow-up 
data showing RWG after treatment cessation [18]. Given 
its greater weight-loss effect, proven cardiometabolic 
benefits in long-term trials such as SELECT [19], and 
the convenience of once-weekly dosing that enhances 
adherence compared with daily liraglutide injections 
[20], semaglutide was selected as the representative 
pharmacotherapy in this review. Compared to non-
surgical approaches, MBS yields more substantial and 
sustained weight loss [21]. At present, sleeve gastrectomy 
and Roux-en-Y gastric bypass constitute the majority of 
MBS globally, collectively representing around 90% of 
surgeries performed [22].

Although one prior review has addressed the long-term 
effects of lifestyle interventions, anti-obesity medications, 
and MBS in individuals with obesity, semaglutide was 
not included in the analysis [23]. Given that semaglutide 
has recently emerged as a highly effective pharmacologic 
agent for weight loss, its comparative effectiveness 
against lifestyle and surgical interventions in preventing 
RWG remains unclear. Only limited direct evidence exists 
comparing semaglutide, lifestyle, and MBS interventions; 
therefore, this review provides an indirect and qualitative 
comparison based on available data. To address this, 
the present systematic review aims to synthesize and 
compare current evidence on RWG following weight loss 
achieved through lifestyle intervention, semaglutide, and 
MBS in adults with obesity.

Method

This review adhered to the PRISMA guidelines for 
systematic reviews. The protocol was developed prior 
to data extraction and prospectively registered in 
PROSPERO.

Search Strategy

A systematic electronic search was conducted using 
PubMed, Embase, Web of Science, Cochrane CENTRAL, 
and Scopus databases in accordance with the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines. The search was completed on 
March 28, 2025, using a combination of relevant keywords 
and Boolean operators. Search terms included concepts 
related to “obesity”, “weight loss”, “weight regain”, 
“semaglutide”, “sleeve gastrectomy (SG)”, “Roux-en-Y 
gastric bypass (RYGB)”, and “lifestyle interventions”. 
The full search strategy is available in Supplementary 
Material Table S1. Only studies published in English were 
included.

Inclusion and Exclusion Criteria of the Retrieved 
Studies

Studies were included in this review if they met the 
following criteria: (1) patients were adults with obesity, 
defined as having a body mass index (BMI) ≥ 30 kg/m²; 
(2) interventions consisted of lifestyle-based weight loss 
programs, semaglutide treatment, or MBS such as sleeve 
gastrectomy (SG) or Roux-en-Y gastric bypass (RYGB); 
(3) included a comparator group receiving standard care 
or self-directed management; and (4) reported outcomes 
related to RWG or changes in body weight during the 
maintenance phase; (5) randomized controlled trial 
(RCT) design;

Studies were excluded if they met any of the following 
conditions: (1) Non-original research, such as case 
reports and reviews, (2) Publications that are duplicates 
or potentially include overlapping data, particularly those 
published by the same author, with identical data sources 
and intervention methods across overlapping timelines, 
(3) Publications where only abstracts are available and 
full texts are inaccessible, (4) Studies involving patients 
with severe physical illness, significant frailty, long-term 
bedridden state, training difficulties, or existing delirium 
at the time of admission, (5) Publications not written in 
English.
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Data Extraction

Data extraction was independently performed by two 
reviewers (CHX and GXJ) using a standardized form. 
Extracted variables included: (1) study identifiers (author, 
year, and country); (2) design characteristics; (3) par-
ticipant details (sample size, age, sex distribution, base-
line BMI); (4) intervention types (lifestyle intervention, 
semaglutide, or MBS) and comparators; (5) duration of 
intervention and follow-up; and (6) outcomes: the pri-
mary outcomes were RWG reported in kilograms, the per-
centage of body weight regained, and the proportion of 
individuals who maintained their weight at or below base-
line. Secondary outcomes were absolute weight change 
from baseline and the percentage of total weight loss 
(%TWL). We included trials regardless of the timing of 
randomization: at the start of weight loss induction or at 
the beginning of the weight maintenance phase. This vari-
able was extracted for each study to allow interpretation 
of heterogeneity.

Quality Assessment of the Retrieved Studies

Two reviewers (CHX and GXJ), both experienced in sys-
tematic review methods, carried out the ROB2 assessments 
independently [24]. Differences were resolved through dis-
cussion, with a third reviewer consulted if consensus could 
not be reached.

Data Synthesis and Analysis

Analyses were performed in Stata 18 using the “network” 
suite and White’s commands [25]. For dichotomous 
outcomes, odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated. A pairwise meta-analysis was 
conducted to compare lifestyle interventions with usual 
care during the weight-loss maintenance phase. Network 
meta-analysis included outcomes reported in ≥ 3 studies 
with ≥ 2 interventions [26].Heterogeneity was assessed 
via the I² statistic and Q-test. A random-effects model 
was used if I² >50%; otherwise, a fixed-effects model 
was applied [27]. The Q-test assesses if the observed 
differences surpass those anticipated by chance. Certainty 
of evidence for the primary and secondary outcomes was 
assessed using the GRADE approach, which considers 
study limitations, inconsistency, indirectness, imprecision, 
and publication bias [28].

To explore potential sources of heterogeneity, meta-
regression analyses were performed using study-level 
covariates, including baseline BMI, mean participant age, 
country, and follow-up duration. Regression coefficients 

(β) and corresponding 95% confidence intervals (CIs) 
were estimated using a random-effects model based on 
the restricted maximum likelihood (REML) method. 
Statistical significance was set at p < 0.05. These analyses 
were conducted in Stata 18 using the “metareg” command.

Results

Overview of Included Studies

A total of 4,901 records were identified through sys-
tematic database searching. After the removal of 1,466 
duplicates, 3,435 titles and abstracts were screened, 
resulting in 412 full-text articles assessed for eligibility. 
Of these, 29 randomized controlled trials met the inclu-
sion criteria and were included in the final synthesis (Fig. 
1). The included studies comprised 16 trials evaluating 
lifestyle interventions [29–44], 2 investigating semaglu-
tide as pharmacotherapy [18, 45], and 11 assessing MBS 
[46–56]. These studies were published between 2000 and 
2024. Sample sizes varied from 36 to 1,311, yielding a 
total of 6,843 patients with obesity, most of whom had 
a baseline BMI ≥ 30 kg/m². The duration of weight loss 
interventions ranged from 6 weeks to 24 months, with 
follow-up durations ranging from 16 weeks to 10 years. 
Weight-related outcomes were reported using diverse 
metrics, including absolute weight change (kg), %TWL, 
percentage of excess weight loss (%EWL), and the mag-
nitude of RWG at specified timepoints. Details of each 
intervention and weight-related outcomes can be found 
in Supplementary Material Table S2.

Network Meta-Analysis of Recurrent Weight Gain by 
Initial Weight-Loss Strategies

The network meta-analysis compared RWG (kg) among 
different initial weight-loss approaches, including lifestyle 
interventions, MBS, semaglutide, and usual care. Based on 
SUCRA ranking, lifestyle interventions were most effective 
in limiting RWG (SUCRA 77.7, PrBest 44.5%, MeanRank 
1.7), followed by usual care (SUCRA 67.4, PrBest 27.5%, 
MeanRank 2.0) and MBS (SUCRA 52.2, PrBest 27.7%, 
MeanRank 2.4). Semaglutide ranked lowest (SUCRA 2.7, 
PrBest 0.3%, MeanRank 3.9). These findings suggest that 
lifestyle-based strategies as the initial weight-loss method 
are most consistently associated with better long-term 
weight maintenance, while evidence for MBS and semaglu-
tide is limited by the small number of trials. The cumulative 
probability plot (Fig. 2) is used to rank the effectiveness of 
the interventions.
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Fig. 1  PRISMA flow diagram
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In addition, semaglutide showed a significantly higher 
likelihood of maintaining reduced body weight compared 
with usual care (OR = 7.93, 95% CI 1.37–45.92; I² = 96.3%) 
(Supplementary Fig. S3), while the comparison between 
lifestyle interventions and usual care based on weight regain 
(kg) showed no significant difference (SMD = -0.28, 95% 
CI -0.98 to 0.44; I² = 95.3%) (Supplementary Fig. S4).

Meta Regression

Meta-regression indicated that participant age was sig-
nificantly associated with weight-maintenance effects 
(β = 0.0566, 95% CI 0.015–0.098, p = 0.014). In contrast, 
baseline BMI, country, and follow-up duration were not sig-
nificant predictors. For weight-regain outcomes, none of the 
examined study-level covariates showed statistically signif-
icant associations, and residual heterogeneity remained high 
(I² >90%). The detailed meta-regression results and residual 
statistics are presented in Supplementary Table S3.

Publication Bias and Sensitivity Analyses

Funnel plots for studies reporting weight maintenance and 
weight regain (kg) outcomes showed no evident asymmetry, 
and Egger’s test for the 10 RCTs assessing weight mainte-
nance indicated no small-study effects (p = 0.536).

Network Meta-Analysis of Long-Term Weight 
Maintenance According to Initial Weight-Loss 
Intervention

The network meta-analysis indirectly compared lifestyle 
interventions and semaglutide using usual care as the com-
mon comparator. Figure 3 depicts Fig. 3 shows that sema-
glutide ranked highest for sustaining weight maintenance 
(SUCRA 100, PrBest 100%, MeanRank 1), followed by 
lifestyle intervention (SUCRA 47.2, PrBest 0%, MeanRank 
2.1), while usual care ranked lowest (SUCRA 2.8, PrBest 
0%, MeanRank 2.9).

Pairwise Meta-analysis

The pairwise meta-analysis included randomized trials 
comparing lifestyle interventions, semaglutide, and usual 
care.

For weight maintenance, lifestyle interventions were 
significantly more effective than usual care (OR = 1.38, 
95% CI 1.07–1.78; I² = 47.6%) (Fig. 4). Subgroup analysis 
by initial weight-loss method showed that lifestyle-induced 
weight loss was associated with a significant maintenance 
benefit (OR = 1.42, 95% CI 1.08–1.87; I² = 49.9%), whereas 
surgery-induced weight loss showed no between-group 
difference (OR = 0.99, 95% CI 0.51–1.93) (Fig. 5).

Fig. 2  Cumulative probability plots of interventions for preventing RWG
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usual care due to some concerns in risk of bias and moder-
ate heterogeneity. Evidence for MBS was rated very low, as 
only one small trial reported this outcome with wide con-
fidence intervals. Evidence for semaglutide was graded as 
low, reflecting the limited number of available RCTs and 
imprecision in estimates. Overall, the certainty of evidence 
across interventions was low to very low. A detailed sum-
mary of findings table is provided in Supplementary Mate-
rial Table S4.

Discussion

Key Findings

This review corroborates the well-documented challenges 
of sustaining weight loss, filling a gap in the literature where 
semaglutide had not previously been compared alongside 
lifestyle and surgical strategies [23]. Drawing on 29 ran-
domized controlled trials, this review provides an integrated 
perspective on RWG patterns, revealing considerable het-
erogeneity in both extent and trajectory, as well as identify-
ing modifiable factors influencing long-term outcomes.

The network meta-analyses showed that lifestyle inter-
ventions ranked highest in preventing recurrent weight gain 

Sensitivity analyses were conducted separately for pair-
wise meta-analyses of weight maintenance and weight 
regain (kg) to examine the robustness of pooled results. 
The exclusion of any single study did not materially change 
the pooled effect size or direction, indicating stable findings 
across analyses (Supplementary Fig. S5-8).

Risk of Bias Assessment

Figure 2 summarizes the ROB2 evaluation of the 29 
included randomized controlled trials. Overall, seven stud-
ies were rated as low risk of bias and twenty-two as having 
some concerns, with no study judged high overall risk. The 
majority of concerns were concentrated in domain 2 related 
to deviations from intended interventions and domain 5 
related to selective reporting, while other domains were 
largely assessed as low risk. These findings indicate that 
although most trials were methodologically sound, potential 
bias may have arisen from incomplete adherence and lim-
ited reporting transparency.

Certainty of Evidence

The GRADE evaluation indicated that the certainty of evi-
dence was low for lifestyle interventions compared with 

Fig. 3  Cumulative probability plots of interventions for sustaining long-term weight maintenance
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kg observed within 30 months after intervention cessation 
(95% CI -2.4 to -0.6) [42]. Semaglutide 2.4 mg once weekly 
produced a mean weight loss of 17.3% (95% CI -16.5 to 
-14.1) after 68 weeks of treatment compared with placebo 
[45]. Following treatment withdrawal, participants regained 
11.6% points of lost weight, leaving a net reduction of 5.6% 
(95% CI -12.0 to -8.6) from baseline within one year [18]. 
MBS demonstrated the relatively durable weight-loss out-
comes. Across randomized trials, surgical procedures con-
sistently produced and maintained large reductions in body 
weight, with total weight loss of 28.0% (95% CI, 25.2–30.8) 
at 3 years post-surgery [34] and 28.3% (95% CI, 25.4–31.3) 
at 5 years post-surgery [46]. Long-term follow-up confirmed 
sustained effects, showing 23.4% (95% CI, 22.1–24.7) after 
sleeve gastrectomy and 26.9% (95% CI, 25.6–28.2) after 
Roux-en-Y gastric bypass at 10 years postoperatively [56].

These findings reinforce the view that weight mainte-
nance is physiologically and behaviorally distinct from ini-
tial weight loss [57, 58]. Although short-term weight loss 
is often achieved, long-term maintenance is hindered by 
persistent adaptive responses such as reduced resting meta-
bolic rate and altered appetite regulation, which may last for 
years and complicate sustained outcomes [57]. This review 

(RWG), followed by usual care and MBS, while semaglu-
tide ranked lowest. In contrast, for long-term weight mainte-
nance during active treatment, semaglutide ranked highest, 
with lifestyle interventions providing moderate benefits 
and usual care the least effective. These findings suggest 
that the relative effectiveness of interventions differs across 
weight-management phases, highlighting the distinct roles 
of behavioral and pharmacologic strategies in sustaining 
outcomes.

MBS achieved comparatively sustained results, with 
> 10% TWL maintained beyond 5 years. Lifestyle-based 
strategies provided moderate and variable results, largely 
dependent on the presence of structured follow-up. Sema-
glutide offered short-term effectiveness but was associated 
with substantial rebound upon discontinuation. Semaglutide 
also showed a favorable ranking for long-term weight main-
tenance, indicating its potential role in sustaining weight 
reduction beyond the active treatment phase.

Across the included studies, lifestyle interventions 
achieved short-term weight reductions of 8.5 kg (95% CI 
7.9–9.1) within six months of intervention initiation [42] 
and 9.2 kg (95% CI 8.4–10.0) during the initial phase [30], 
but long-term maintenance varied, with regains of 4.0–5.5 

Fig. 4  Forest plot comparing lifestyle interventions with usual care for weight maintenance
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showed intermediate effectiveness, though the available 
RCT evidence was limited. In the pairwise analyses, MBS 
was examined only in a subgroup that included a single 
trial, which found no significant difference compared with 
lifestyle interventions. This restricted evidence base under-
scores the need for additional long-term randomized trials 
to more reliably evaluate the sustained benefits of surgery.

Among the evaluated strategies, MBS demonstrated the 
relatively durable weight loss outcomes, with several stud-
ies showing >10% total weight loss maintained over 5 to 10 
years. These findings are consistent with current evidence 
suggesting that the efficacy of MBS is driven by multiple 
mechanisms, including alterations in gut hormone secre-
tion, changes in gut microbiota composition, and bile acid 
metabolism [23, 59].

Despite its superior long-term effectiveness, RWG 
remains a concern, particularly in the absence of structured 
postoperative support. Longitudinal evidence indicates that 
behavioral reinforcement after surgery can significantly 

primarily captures acute RWG following an induced weight 
loss episode, rather than chronic weight cycling across mul-
tiple attempts. This distinction is important for interpreting 
the findings, as strategies to prevent initial regain may differ 
from those aimed at breaking recurrent cycles of loss and 
regain.

It is important to interpret these findings with caution, 
as only limited direct evidence exists comparing semaglu-
tide, lifestyle, and MBS interventions. The present results 
therefore reflect an indirect comparison derived from the 
available randomized evidence, and potential differences in 
study populations and designs should be taken into account 
when interpreting relative effects.

Metabolic and Bariatric Surgery: Durable but not 
Infallible

In the network meta-analysis of RWG, lifestyle interven-
tions ranked highest for preventing RWG, while MBS 

Fig. 5  Forest plot of subgroup analyses stratified by initial weight-loss method for lifestyle interventions versus usual care in long-term weight 
maintenance
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Moreover, the network meta-analysis showed that life-
style interventions ranked highest in preventing RWG, 
which supports the role of structured behavioral support 
in sustaining outcomes. Specific nutritional and activity-
related predictors were also identified. Protein intake and 
fruit/vegetable consumption were inversely associated with 
regain [32], while structured walking interventions resulted 
in significant reductions in rebound weight [36]. These find-
ings align with prior evidence identifying sustained environ-
mental and behavioral modifications as crucial components 
of long-term weight maintenance [57].

Nevertheless, lifestyle-based strategies remain vulner-
able to contextual and psychosocial influences. As the with-
drawal of behavioral support following intervention often 
coincides with RWG, as evidenced in previous long-term 
follow-up studies [63]. Future interventions must address 
this gap by integrating long-term, scalable behavioral rein-
forcement models.

Implications for Clinical Practice and Future 
Research

This review reinforces the need to reconceptualize weight 
maintenance as a distinct therapeutic phase requiring tai-
lored interventions. Clinical protocols should consider 
early incorporation of maintenance strategies, including 
long-term follow-up, adjunct pharmacotherapy, and behav-
ioral reinforcement. Moreover, personalized medicine 
approaches integrating phenotypic, genotypic, and environ-
mental factors may optimize sustainability [58].

From a clinical perspective, strategies should distin-
guish between preventing initial RWG and managing 
chronic weight cycling. The prevention of early rebound 
primarily requires structured behavioral programs, dietary 
relapse prevention, and, where appropriate, prolonged 
pharmacologic support to stabilize post-intervention 
weight. By contrast, chronic weight cycling often involves 
complex physiological and psychological mechanisms 
such as metabolic adaptation, emotional eating, and envi-
ronmental triggers [9, 64]. These patients may therefore 
benefit from integrated, multidisciplinary management 
that combines CBT [30], metabolic monitoring, and sus-
tained behavioral coaching to address underlying drivers 
of relapse.

Further research is warranted to explore the mechanistic 
underpinnings of RWG, particularly the roles of metabolic 
adaptation, gut-brain axis signaling, and environmental 
context. Emerging insights from microbiome and neuroen-
docrine studies offer promising directions for novel inter-
vention targets [59].

Notably, the GRADE assessment underscored that the 
certainty of evidence remains low to very low, particularly 

attenuate weight rebound [46]. Additionally, adjunctive use 
of anti-obesity pharmacotherapy such as GLP-1 receptor 
agonists has been proposed as a beneficial strategy for indi-
viduals at high risk of postoperative weight recurrence [60].

Semaglutide: Effective but Dependent

Semaglutide demonstrated strong short-term efficacy, induc-
ing up to 17.3% weight loss within 68 weeks [18]. How-
ever, substantial RWG upon discontinuation raised concerns 
regarding its sustainability as monotherapy [45]. In the 
network meta-analysis, semaglutide ranked lowest in limit-
ing RWG when compared across initial weight-loss strate-
gies, but ranked highest in maintaining reduced body weight 
during the follow-up phase, indicating that its performance 
depends heavily on whether active pharmacological treat-
ment is continued. Evidence from recent studies underscores 
the necessity of extended pharmacological intervention or 
adjunctive strategies to maintain long-term efficacy [61].

These findings suggest that while semaglutide can effec-
tively support long-term weight maintenance under ongoing 
therapy, discontinuation without behavioral reinforcement 
often results in significant rebound. As semaglutide primar-
ily modulates appetite without inducing permanent behav-
ioral or metabolic adaptations, its cessation frequently leads 
to weight rebound unless supported by concurrent lifestyle 
interventions. While this review focused on semaglutide, it 
is noteworthy that RWG after treatment discontinuation has 
also been documented with other anti-obesity medications 
such as liraglutide [62]. This indicates that the phenomenon 
may extend to pharmacotherapy as a class, although the 
magnitude of effects varies across agents.

Lifestyle Interventions: Heterogeneity and 
Predictors of Success

Pooled pairwise meta-analysis showed that lifestyle interven-
tions were not significantly more effective than usual care in 
sustaining weight below baseline, although subgroup analy-
sis suggested a potential advantage when structured lifestyle 
programs were implemented. The subgroup finding that life-
style-induced weight loss led to greater maintenance success 
supports the value of continuous behavioral engagement.

Lifestyle interventions demonstrated the most pronounced 
diversity in long-term effectiveness. Programs integrating 
structured behavioral strategies—such as cognitive behav-
ioral therapy (CBT), nutritional counseling, and physical 
activity support—were consistently associated with better 
outcomes, often limiting RWG to less than 3 kg over 18 to 
24 months [29, 30]. This suggests that maintaining weight 
loss may rely on a set of behavioral strategies that differ from 
those used during the initial weight reduction phase [58].
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management. Semaglutide may produce substantial initial 
weight loss and shows potential advantages in maintaining 
reduced body weight, although weight regain commonly 
occurs after discontinuation. MBS appears to achieve the 
relatively durable long-term outcomes, yet randomized 
evidence remains limited compared with the extensive 
data from observational studies. These findings suggest 
that durable weight control likely requires integrated and 
sustained maintenance strategies that combine behavioral, 
pharmacological, and surgical approaches. Future trials 
with standardized outcomes are needed to better clarify the 
durability of pharmacological interventions and to confirm 
the long-term sustainability of MBS.
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receive more intensive follow-up than routine clinical popu-
lations. Second, the number of eligible RCTs was limited 
for some interventions, especially semaglutide, restricting 
the robustness of comparisons. While RCTs have evaluated 
each intervention individually, direct head-to-head evidence 
remains scarce; thus, this review provides indirect synthesis 
based on the available data. Third, although meta-regression 
identified age as a potential contributor to between-study 
variability, other population and design-related factors such 
as baseline BMI and follow-up duration remained unex-
plained. Fourth, weight-related outcomes were reported 
using diverse metrics, complicating direct comparisons. 
Finally, although this review referred to weight cycling, the 
evidence mainly reflects RWG, that is, one episode of regain 
after initial loss rather than multiple recurrent cycles. The 
findings therefore reflect acute RWG rather than chronic 
cycling, which should be taken into account when interpret-
ing clinical implications.

Conclusions

This review found that lifestyle interventions were most 
effective in limiting RWG, underscoring the importance 
of structured behavioral support for long-term weight 
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