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ABSTRACT

Obesity is currently recognized as a chronic, relapsing and progressive disease, constituting one
of the most serious public health challenges of the 21st century. The introduction of glucagon-
like peptide-1 receptor agonists (GLP-1 RAS), such as semaglutide and tirzepatide, has led to
unprecedented therapeutic success, enabling weight reduction comparable to that achieved by
bariatric surgery. However, despite their high efficacy, discontinuation of these agents is
associated with rapid and clinically significant weight regain.

The aim of this paper is to analyze the physiological mechanisms responsible for post-treatment
weight regain following GLP-1 analogue withdrawal and to evaluate the effectiveness of
selected strategies aimed at limiting this phenomenon, with particular emphasis on resistance
training, nutritional interventions and pharmacological deprescribing models.

Available clinical and experimental data indicate that weight regain is driven primarily by
metabolic adaptation, including a disproportionate reduction in resting metabolic rate, loss of
lean body mass and dysregulation of appetite-controlling hormones. Evidence from major
clinical trials (STEP, SURMOUNT) confirms that up to two-thirds of the lost body weight may
be regained within one year after cessation of therapy.

The findings highlight the necessity of treating obesity pharmacotherapy as part of a long-term
management strategy. Integration of pharmacological treatment with resistance training, high-
protein dietary patterns and gradual dose reduction protocols appears essential for sustaining

therapeutic effects and preventing the rebound phenomenon.
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1.Introduction

Contemporary medicine defines obesity not merely as an excess of body weight, but as a
chronic, relapsing, and progressive disease, representing one of the most significant public
health challenges of the 21st century (1). Recent years have witnessed a radical shift in the
treatment paradigm, driven by the introduction of next-generation pharmacotherapy: glucagon-
like peptide-1 receptor agonists (GLP-1 RAs), such as semaglutide and tirzepatide. Clinical
trials have confirmed their high efficacy, documenting weight reduction in the range of 15—
20%—results that begin to rival those achieved through bariatric surgery (2,3). These outcomes
are striking.

However, despite these impressive therapeutic results, maintaining them poses a major clinical
hurdle. Data from extension studies, notably the STEP-1 extension, reveal that stopping
pharmacotherapy is linked to rapid weight regain. Estimates suggest that patients recover, on
average, two-thirds of their lost weight within a year of discontinuing the medication (4). This
raises an important clinical question. The phenomenon is rooted in potent mechanisms of
metabolic adaptation, including a suppression of resting metabolic rate and a dysregulation of
hunger and satiety hormones, all of which drive the body to return to its original weight,
consistent with the set-point theory (5). In practice, this means that weight regain is not merely
behavioral-it is biological.

With the surging popularity of GLP-1 analogues, developing strategies for managing patients
during the drug withdrawal phase (deprescribing) has become crucial. The aim of this review
is to examine the current literature regarding the physiological mechanisms behind this
"rebound effect” and to analyze the efficacy of non-pharmacological interventions-specifically
resistance training and nutritional education in preventing the recurrence of obesity. These
observations are clinically relevant and increasingly urgent.

Importantly, current clinical guidelines still provide limited guidance regarding the
management of patients after pharmacological weight loss has been achieved. Most
recommendations focus on initiation and titration of therapy, while the post-treatment phase
remains largely under-addressed. This gap in knowledge exposes patients to a high risk of
therapeutic failure despite initial success. Consequently, defining evidence-based exit strategies
from GLP-1-based therapy represents one of the most pressing challenges in modern obesity

medicine.



2. Methodology

This study was conducted as a narrative review of the literature focusing on the phenomenon
of weight regain after discontinuation of GLP-1 receptor agonists and on strategies aimed at
limiting this effect.

A structured search was performed in the PubMed, Scopus and Web of Science databases using
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the following keywords and their combinations: “GLP-1 receptor agonists”, “semaglutide”,
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“tirzepatide”, “weight regain”, “withdrawal”, “metabolic adaptation”, “resting metabolic rate”,
“lean body mass”, “resistance training”, “diet”, “deprescribing”.

The analysis included articles published in English addressing contemporary approaches to
obesity pharmacotherapy and lifestyle interventions.

Eligible publications comprised randomized controlled trials, extension phases of major obesity
trials (including the STEP and SURMOUNT programs), systematic reviews, meta-analyses,
and observational studies evaluating body weight dynamics after treatment cessation. Animal
studies, case reports and publications lacking post-withdrawal follow-up data were excluded.
From the selected studies, data were extracted regarding the magnitude and rate of weight
regain, changes in resting metabolic rate and body composition, hormonal adaptations
influencing appetite regulation, and the effectiveness of resistance training, dietary
interventions and pharmacological tapering strategies.

The collected evidence was analyzed qualitatively in order to integrate physiological
mechanisms with clinical outcomes and to formulate practical recommendations for long-term
obesity management.

2.1. Clinical relevance and rationale of the review

The clinical relevance of addressing weight regain after GLP-1 receptor agonist discontinuation
has increased substantially with the widespread use of these agents in routine obesity
management. While their short-term efficacy is well established, real-world clinical practice
increasingly reveals that discontinuation is frequent due to economic constraints, adverse
effects, or limited access to long-term therapy.

From a public health perspective, failure to maintain achieved weight loss undermines the cost-
effectiveness of pharmacological obesity treatment and may contribute to patient
discouragement and therapeutic non-adherence. Moreover, repeated cycles of weight loss and
regain are associated with adverse cardiometabolic consequences, including increased insulin
resistance, visceral adiposity, and endothelial dysfunction.

Therefore, understanding post-treatment physiology and developing structured withdrawal

strategies is not only a matter of weight control but also of preventing secondary metabolic



deterioration. This review seeks to fill this gap by integrating physiological mechanisms with

pragmatic clinical solutions.

3. Physiological determinants of weight regain — the mechanism of metabolic adaptation
Pharmacologically induced weight loss through GLP-1 analogues activates a series of counter-
regulatory mechanisms that evolved as protection against starvation. This phenomenon-
adaptive thermogenesis- is one of the primary physiological barriers to long-term weight
maintenance following treatment cessation (5).

A central feature of this adaptive response is the disproportionate reduction in resting metabolic
rate (RMR). Although lower body mass naturally decreases energy expenditure, research shows
that RMR drops more sharply than would be expected based on body-composition changes
alone. The organism shifts into an energy-conserving mode, demonstrated by increased
mitochondrial efficiency and reduced thermogenesis in skeletal muscle (6).

An additional challenge during GLP-1 therapy is the potential loss of fat-free mass (FFM).
Rapid weight loss, particularly when driven by caloric restriction without sufficient exercise
stimulus, may promote sarcopenia. Given that muscle mass is a major determinant of RMR,
reductions in FFM further aggravate the metabolic decline and make post-treatment weight
maintenance more difficult (7).

Hormonal dysregulation also plays a central role. GLP-1 analogues enhance satiety through
exogenous stimulation of the gut-brain axis. When therapy stops, endogenous satiety signals
(leptin, PYY) remain suppressed-reflecting reduced adipose stores—while ghrelin levels rise
sharply. This imbalance creates an “energy gap,” in which the biological drive to eat exceeds

the actual caloric needs of the body, accelerating weight regain (8).

4. Pharmacotherapy efficacy and withdrawal effect — evidence from clinical trials
Large-scale, multicenter randomized clinical trials (RCTs) confirm the theoretical concerns
regarding metabolic adaptation. Major research programs, specifically STEP (semaglutide) (4,9)
and SURMOUNT (tirzepatide) (10), provided unequivocal evidence in their extension phases
that the therapeutic effect is transient once pharmacological intervention ends.

These studies utilized rigorous protocols where, following an initial weight reduction phase,
patients were randomized to either continue the active treatment or switch to a placebo
(simulating drug withdrawal). Table 1 summarizes the key findings regarding body weight

dynamics in the post-treatment phase.



Table 1. Summary of key clinical trials evaluating weight regain after GLP-1 agonist

withdrawal.

Study (Author,
Year)

Active Substance

Treatment Phase

(weeks)

Follow-up /
\Withdrawal Phase

(weeks)

Outcomes in
Withdrawal
Group (Placebo)

STEP-1 Extension

Semaglutide 2.4

mg

68

52 (1 year)

Patients regained
on average 2/3
(11.6%) of prior
weight loss;
cardiometabolic
risk factors
returned to

baseline.

STEP-4

Semaglutide 2.4

mg

20 (run-in)

Placebo switch
group regained
6.9% body
weight; continued
treatment group
lost an additional
7.9%.

SURMOUNT-4

Tirzepatide
(MTD*)

36 (run-in)

52

Discontinuation
led to 14% weight
regain; continued
therapy resulted in
an additional

5.5% reduction.

As the data indicates, discontinuing the medication leads to an immediate reversal of the weight

loss trend. In the STEP-1 Extension study, participants weighed only 5.6% less than their

baseline one year after stopping therapy, effectively losing the majority of the benefits gained

during the 68-week treatment (4). Similarly, the STEP-4 trial demonstrated the critical role of

continued therapy; patients who switched to placebo after the run-in phase regained 6.9% of

their weight, standing in sharp contrast to those who continued the drug and achieved further



weight loss (9). The results were even more pronounced in the SURMOUNT-4 study involving
tirzepatide (a dual GLP-1/GIP agonist), where the weight regain curve following withdrawal
was nearly linear (10).

These findings suggest that obesity requires a chronic treatment model, analogous to the
management of hypertension. Removing the pharmacological agent allows the disease's
pathophysiology to return. This underscores the necessity of implementing aggressive
behavioral strategies—specifically resistance training and high-protein diets—during the

deprescribing period to counteract the physiological drive toward adipose tissue restoration.

5. Resistance training as a tool for restoring Resting Metabolic Rate (RMR) after
pharmacological intervention

The primary driver of weight regain following GLP-1 withdrawal is the reduction in Resting
Metabolic Rate (RMR), a consequence largely attributed to the loss of muscle tissue during the
rapid weight reduction phase. Evidence shows that patients treated with semaglutide lose not
only adipose tissue but also a significant amount of Lean Body Mass (LBM), directly lowering
their daily energy expenditure (11). Consequently, upon drug discontinuation, the patient faces
a suppressed RMR combined with a resurgent appetite—creating the perfect storm for rapid
weight regain.

In this context, physical activity—specifically resistance training—shifts from being merely a
tool for burning calories to an essential component of "metabolic rehabilitation.” Systematic
reviews demonstrate that resistance training is the only non-pharmacological intervention
capable of effectively counteracting the decline in RMR by stimulating muscle hypertrophy
(12,13). Unlike aerobic exercise, resistance training induces a prolonged increase in muscle
protein synthesis and enhances tissue insulin sensitivity, which is vital for patients whose
glycemic control often deteriorates after stopping incretin drugs (14).

Another significant aspect is the impact of exercise on appetite regulation. Research suggests
that intense physical exertion can modulate levels of acylated ghrelin (the hunger hormone),
assisting patients in managing the "hyperphagia" typical of the withdrawal phase (15). Thus,
the role of "Sport" in this context refers to the strategic application of exercise to close the
energy gap created by the removal of the drug.

In addition to its metabolic effects, resistance training contributes significantly to long-term
functional and clinical outcomes in patients recovering from pharmacologically induced weight

loss. Improvements in muscular strength and endurance translate into enhanced physical



autonomy, reduced fatigue and increased spontaneous physical activity, all of which further
support energy balance.

Importantly, resistance-based exercise has also been shown to exert beneficial effects on mental
health, including reduction of depressive symptoms, improved self-efficacy and body image.
These psychological factors are recognized predictors of sustained adherence to lifestyle
interventions and weight maintenance, underscoring the multidimensional role of resistance

training in obesity relapse prevention.

6. Nutritional and educational strategies buffering the ""rebound™ appetite effect (Post-
drug Hyperphagia)

Stopping pharmacotherapy results in the abrupt loss of the drug's anorectic effect. Patients who
have felt satisfied with small portions for months are suddenly confronted with a biological
compulsion to eat. Nutritional education during this critical window must focus on strategies
that increase meal volume without drastically raising caloric content (volumetrics) (16).

The cornerstone of the post-treatment diet should be protein intake. Among macronutrients,
protein exhibits the highest satiety index and generates the greatest Thermic Effect of Food
(TEF), thereby supporting metabolism (17). Studies indicate that a high-protein diet (1.2-1.6
g/kg BW) helps preserve the lean body mass recovered through training (as described in
Chapter 3) and mitigates glycemic fluctuations after discontinuing insulinotropic agents (18).
Equally important is the restructuring of eating patterns rather than focusing solely on
macronutrient composition or caloric intake. Emphasis on regular meal timing, reduced
consumption of ultra-processed foods, and prioritization of low-energy-density products
contributes to stabilization of postprandial glycemic and insulinemic responses, which are often
exaggerated after discontinuation of incretin-based therapy.

Furthermore, nutritional literacy empowers patients to recognize early signs of relapse and
intervene before clinically significant weight regain occurs, transforming patients from passive
recipients of care into active participants in long-term disease management.

A key educational component is preparing the patient for the reality of metabolic adaptation.
Implementing drug tapering protocols (slow withdrawal) rather than abrupt cessation,
combined with diligent self-monitoring, allows for a gentler adaptation of the hunger and satiety
centers (19). Research by Wing and Phelan on successful weight maintainers (NWCR)
highlights that regular body weight monitoring and having an immediate "action plan" for
weight spikes are essential to prevent the yo-yo effect in the absence of pharmacological support
(20,21).



7. Pharmacological exit strategies — tapering and establishing the lowest effective dose
Given the strong evidence supporting rapid weight regain after abrupt therapy discontinuation,
clinical practice is shifting from a binary on/off strategy toward gradual dose reduction models.
Although product labels for semaglutide and tirzepatide assume long-term use at maximal
therapeutic doses, real-world contexts- such as side effects or treatment cost-often necessitate
alternative approaches (22).

Tapering typically involves stepwise dose reductions in four-week intervals (essentially the
reverse of titration). The goal is to identify the lowest effective dose that prevents weight regain,
even if it no longer produces additional weight loss (23). This more gradual reduction also gives
patients time to intensify behavioral strategies such as exercise and dietary modification.
Evidence from STEP-4 strongly supports this approach. Participants who continued
semaglutide maintained their weight loss, whereas those switched to placebo experienced
prompt regain. These findings suggest that for many individuals, maintenance therapy using
reduced doses-or potentially extended dosing intervals, such as every 10-14 days-may be
preferable to complete discontinuation, although such regimens require further evaluation (9).
Another potential strategy is drug rotation. When GLP-1 injectables must be discontinued,
transitional use of oral agents (e.g., bupropion/naltrexone or low-dose liraglutide) may help
blunt the hormonal rebound associated with rising ghrelin levels (24).

Another emerging concept is the use of combination therapy at lower doses rather than
monotherapy at maximal doses. Low-dose GLP-1 analogues combined with agents acting on
complementary pathways, such as SGLT2 inhibitors or centrally acting appetite suppressants,
may provide metabolic stability with improved tolerability and reduced cost.

Although evidence in this area remains limited, such strategies may represent a pragmatic
compromise between complete withdrawal and indefinite full-dose maintenance, particularly

in healthcare systems with restricted reimbursement.

8. Summary and Conclusions

Current evidence demonstrates that while GLP-1 analogues represent a major breakthrough in
obesity treatment, they do not ensure durable results once therapy ends. Rapid metabolic
adaptation and weight regain highlight the need to view obesity pharmacotherapy not as a
temporary intervention but as part of a long-term management framework.

Resistance training emerges as a crucial component for preserving muscle mass and resting

metabolic rate, both of which are central to weight-maintenance physiology. Additionally,
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deprescribing strategies should emphasize gradual tapering and high-protein dietary approaches
to help control appetite during the withdrawal phase.
In summary, effective long-term obesity management requires an integrated model combining

pharmacotherapy, structured lifestyle interventions, and continuous patient education.
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