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Abstract
Weight regain is the defining challenge of obesity treatment and remains insufficiently addressed in current clinical para-
digms. Despite substantial initial weight loss achieved through lifestyle, pharmacological, or surgical interventions, most 
individuals experience partial or complete regain over time, reflecting powerful and persistent biological adaptations 
that defend body weight. These include reductions in energy expenditure, sustained hormonal changes that promote 
appetite, and neurobehavioral mechanisms that favor increased energy intake, all of which are further modulated by 
genetic and epigenetic susceptibility. In this context, we integrate current mechanistic evidence with real-world data from 
the IGOBE program, a structured multidisciplinary lifestyle intervention, to provide novel insights into the dynamics 
of weight regain. While participants achieved comparable initial weight loss, long-term trajectories diverged markedly, 
revealing two distinct phenotypes: maintainers and regainers. Strikingly, baseline clinical and behavioral characteristics 
failed to predict outcomes. Individuals who ultimately regained weight displayed more favorable baseline lifestyle profiles, 
whereas sustained weight loss was associated with greater longitudinal behavioral change, particularly in physical activity, 
dietary patterns, and self-regulation. These findings challenge the prevailing assumption that weight regain is primarily 
a consequence of poor adherence and instead support a model in which long-term outcomes emerge from the interaction 
between biological pressures and the capacity for sustained behavioral adaptation. We argue that obesity management must 
be fundamentally reframed: long-term weight maintenance should replace initial weight loss as the primary therapeutic 
goal, and treatment should adopt a chronic care model integrating continuous support, personalized strategies, and, when 
appropriate, sustained pharmacotherapy.
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1  Introduction

Obesity is a chronic, relapsing condition with a multifac-
torial etiology and significant global health implications. 
Despite the well-documented benefits of modest weight 
loss, such as improvements in glycemic control, blood 
pressure, lipid profile, and overall quality of life, small 
reductions of 5–10% in body weight are often followed by 
substantial weight regain in the long term [1, 2]. This phe-
nomenon, referred to as weight regain, is a key challenge 
in obesity management, undermining the sustainability of 
achieved health improvements and contributing to patient 
frustration and disengagement from care.

Weight regain is not merely a behavioral failure but 
rather the result of complex physiological, behavioral, and 
environmental interactions. Following weight loss, a cas-
cade of compensatory biological responses ensues, includ-
ing hormonal adaptations (e.g., increased ghrelin, decreased 
leptin, and GLP-1), reduced resting energy expenditure, and 
enhanced appetite, creating a homeostatic drive that favors 
weight regain [3, 4]. These responses are often sustained 
over time, even after weight has stabilized, highlighting the 
biological resistance to maintaining long-term weight loss.

Lifestyle interventions remain the cornerstone of obe-
sity treatment, yet their long-term effectiveness is limited 
by high rates of weight regain, typically observed within 
6–12 months after program completion [5]. Although some 
behavioral strategies, such as regular physical activity, 
self-monitoring, and dietary restraint, are associated with 
improved weight maintenance, their implementation and 
sustainability in real-world settings are suboptimal [1, 2]. 
Moreover, despite promising short-term outcomes, pharma-
cological and surgical interventions are also vulnerable to 
weight regain upon treatment cessation or procedural failure 
[6, 7].

A growing body of evidence emphasizes the need to 
reframe obesity as a chronic disease requiring long-term, 
multidimensional management strategies. This includes 
continuous behavioral support, potential use of pharma-
cotherapy for maintenance, and a better understanding of 
the predictors and mechanisms of weight regain [8]. In this 
context, elucidating the drivers of post-intervention weight 
regain and identifying effective strategies for weight loss 
maintenance are critical priorities for both clinical practice 
and public health policy [9].

The IGOBE (Group Intervention in OBEsity) program 
is a structured, multidisciplinary educational intervention 
designed to address these challenges through group-based 
nutritional education, behavioral strategies, and exercise 
promotion. Conducted in a real-world clinical setting, the 
IGOBE program consists of weekly group sessions over six 
weeks, followed by structured follow-up at six and twelve 

months [10]. In a randomized prospective study involv-
ing 437 adults with obesity, the IGOBE intervention group 
achieved a significant weight reduction (–7.1% from base-
line) at 12 months, compared to a 3.0% weight gain in the 
usual care group. Notably, the intervention led to a signif-
icant decrease in fat mass, particularly visceral fat, and a 
corresponding reduction in waist circumference. The adop-
tion of healthier dietary habits accompanied these changes, 
improving adherence to a Mediterranean diet pattern [10]. 
A second analysis further demonstrated that participation 
in the IGOBE program not only enhanced anthropometric 
and metabolic parameters but also reduced the prevalence 
of metabolic syndrome [11]. This was primarily attributed 
to improvements in diet quality, body composition, and 
lifestyle behaviors. Together, these findings suggest that 
structured group-based educational interventions, such as 
IGOBE, may provide a cost-effective and scalable strat-
egy to enhance long-term weight maintenance and mitigate 
weight regain in adults with obesity.

The failure to sustain weight loss is often attributed to 
poor adherence or insufficient behavioral change. However, 
this explanation is overly simplistic and increasingly unsup-
ported by biological evidence. Weight loss triggers a coor-
dinated and sustained neuroendocrine response that actively 
promotes the restoration of body weight. Reductions in 
energy expenditure, persistent alterations in appetite-
regulating hormones, and changes in central reward path-
ways collectively create a physiological state that favors 
increased energy intake and decreased energy expenditure. 
These adaptations are not transient; rather, they represent a 
long-lasting biological pressure that resists weight loss and 
promotes relapse [12].

At the same time, not all individuals respond to weight 
loss interventions in the same way. Considerable heteroge-
neity exists in long-term weight trajectories, even among 
individuals exposed to similar treatments. This variability 
cannot be fully explained by baseline clinical characteris-
tics or initial behavioral profiles. Instead, it reflects complex 
interactions between biological susceptibility, behavioral 
adaptation, and environmental context. Emerging evidence 
suggests that dynamic changes in behavior over time, 
rather than baseline habits alone, may be more relevant in 
determining long-term outcomes, challenging traditional 
approaches to risk stratification.

In this context, real-world data are essential to comple-
ment findings from controlled clinical trials. The IGOBE 
program provides a unique opportunity to examine weight 
loss and maintenance in a real-life clinical setting. As 
a multidisciplinary intervention integrating nutritional, 
behavioral, and physical activity components with longitu-
dinal follow-up, IGOBE captures the complexity of obesity 
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management in routine practice and allows the identifica-
tion of distinct weight trajectory phenotypes.

In this review, we argue that weight regain should be 
considered a central outcome of obesity treatment rather 
than a secondary failure. We synthesize current evidence on 
the neuroendocrine, behavioral, and molecular mechanisms 
that drive weight regain, and integrate these findings with 
real-world data from the IGOBE program to characterize 
heterogeneity in weight trajectories and identify determi-
nants of long-term success. By reframing weight regain as a 
predictable and biologically driven process, this work aims 
to shift the focus of obesity care toward long-term mainte-
nance, personalized interventions, and chronic disease man-
agement models.

A fundamental redefinition of success in obesity treat-
ment is urgently needed. Without addressing weight regain 
as a core component of the disease, even the most effective 
short-term interventions will continue to fall short of deliv-
ering sustained clinical benefit.

2  Obesity treatment strategies and their 
impact on weight regain

Despite decades of advances in lifestyle interventions, 
pharmacotherapy, and bariatric surgery, the majority of 
individuals who achieve clinically significant weight loss 
will experience partial or complete regain over time. This 
persistent pattern challenges the prevailing paradigm of 
obesity management, which continues to prioritize short-
term weight reduction over long-term weight stability. Each 
treatment method results in different levels of weight loss 
and potential regain. While bariatric surgery is the most 
effective long-term option, it is not immune to relapse. 
Pharmacotherapy can produce significant results, especially 
with continued use. Successful and sustained obesity man-
agement requires a comprehensive, long-term approach that 
combines diet, physical activity, behavioral strategies, and, 
when appropriate, pharmacological or surgical interven-
tions, often for life.

2.1  Behavioral and lifestyle interventions

Multicomponent behavioral interventions, including self-
monitoring of body weight, dietary and physical activity 
counseling, and problem-solving, typically achieve an ini-
tial weight loss of 5% to 10% [9, 13, 14]. Specific nutri-
tional approaches, such as very low-calorie diets (< 800 
kcal/day), can induce up to 10% initial weight loss, although 
they require specialized medical supervision. Weight regain 
is common, occurring in 25% or more of participants over 
a 2-year follow-up [9, 15]. It is estimated that one-third to 

two-thirds of the weight lost is regained within 1 year, and 
nearly all may be regained within 5 years [16].

2.2  Anti-obesity pharmacotherapy

Weight loss achieved with anti-obesity pharmacotherapy is 
difficult to maintain after stopping treatment [17–20]. These 
medications do not permanently reset the body’s weight set 
point, and weight regain often happens quickly once therapy 
ends. In the SCALE Obesity and Prediabetes trial, liraglu-
tide 3.0 mg led to an average weight loss of − 6.1% at week 
160 compared to − 1.9% with placebo [21]. After stopping, 
weight regain occurred, but the treatment difference was 
still significant at week 172 (− 3.2%) [22, 23]. Other studies 
reported weight losses ranging from 2 to 18 kg with liraglu-
tide 1.2–1.8 mg [24].

In the STEP 1 trial, semaglutide 2.4 mg resulted in an 
average weight loss of 17.3% at 68 weeks compared to 
2.0% with placebo, with more than half of the participants 
losing over 15% of their baseline weight [25]. In STEP 
4, after losing 10.6% in 20 weeks, those who kept taking 
semaglutide lost an additional 7.9% from weeks 20 to 68, 
while those switched to placebo regained 6.9% [26]. One 
year after stopping semaglutide and lifestyle changes (STEP 
1 Extension), participants regained about two-thirds of their 
previous weight loss, reducing net loss to 5.6% (vs. 0.1% 
in placebo) [20, 27]. Cardiometabolic improvements also 
reverted toward baseline, confirming the need for ongoing 
treatment.

Tirzepatide, a dual glucose-dependent insulinotropic 
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) 
receptor agonist, has shown remarkable success in promot-
ing weight loss in individuals with obesity. In the SUR-
MOUNT-1 trial, once-weekly tirzepatide at doses of 5, 10, 
and 15 mg achieved average weight reductions of 15.0%, 
19.5%, and 20.9% respectively, over 72 weeks, compared to 
3.1% with placebo (p < 0.001) [28]. Notably, more than half 
of the participants receiving the 15 mg dose lost over 20% 
of their initial body weight. However, in the SURMOUNT-4 
trial, participants who stopped tirzepatide after 36 weeks of 
treatment regained 14.0% of their body weight over the next 
52 weeks, nearly canceling out previous weight loss [29]. 
These results mirror the pattern seen with GLP-1 receptor 
agonists and highlight the chronic, relapsing nature of obe-
sity. Long-term medication seems essential to maintain both 
weight loss and related cardiometabolic improvements.

Phentermine–topiramate extended release, a combina-
tion of a sympathomimetic amine and an antiepileptic agent, 
is approved by FDA for long-term obesity treatment and has 
demonstrated robust efficacy in sustained weight loss [9]. In 
the CONQUER [30] and SEQUEL [31] trials, participants 
receiving the highest approved dose (15 mg/92 mg) achieved 
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a mean weight loss of approximately 10% at 56 and 108 
weeks, respectively, compared to 1.8% with placebo. This 
weight reduction was accompanied by significant improve-
ments in cardiometabolic parameters, including blood pres-
sure, glycemic control, and lipid profiles. However, as with 
other anti-obesity medications, weight regain has been doc-
umented after treatment discontinuation. Real-world data 
and post-hoc analyses suggest that weight regain may occur 
rapidly if lifestyle modifications are not sustained, reinforc-
ing the need for ongoing pharmacological support [23]. 
Significantly, long-term adherence is challenged by toler-
ability issues such as paraesthesia, dry mouth, and insom-
nia, which may impact long-term effectiveness. This drug 
is not approved for use in the European Union. In 2013, 
the European Medicines Agency (EMA) rejected the mar-
keting authorization application due to concerns regarding 
potential cardiovascular and psychiatric adverse effects, as 
well as uncertainties about long-term safety in the general 
population [32].

2.3  Bariatric surgery

Bariatric (metabolic) surgery is the most effective long-term 
treatment for weight loss and obesity-related health prob-
lems in people with severe and complex obesity. Gastrec-
tomy (SG) alters appetite control and may lower the body 
weight set point. On average, patients lose about 30% of 
their weight one year after surgery (31% for RYGB and 
25% for SG). Long-term studies (10 or more years) show an 
average excess weight loss of 56.7% for RYGB and 58.3% 
for SG [33]. Despite its high effectiveness, bariatric surgery 
does not prevent weight regain [34]. Although a standard 
definition is lacking, weight regain usually begins by the 
second year post-surgery. About 1 in 6 patients regain more 
than 10% of the weight they lost [6]. Regaining 9.1 kg or 
3.2 BMI points is associated with a 1.40 and 1.41 times 
higher risk of diabetes progression, respectively. Gaining 
back 18.9% of the maximum weight lost increases that risk 
by 1.51 [35]. Conversely, maintaining at least a 20% loss 
of maximum weight correlates with long-term success in 
43.4% of patients five years after surgery [36].

3  Weight regain after weight loss: a complex 
physiological phenomenon

Weight regain after weight loss is a complex phenomenon 
driven by a series of physiological and biological mecha-
nisms that resist weight loss and aim to restore previous 
body weight or even surpass it [37]. These mechanisms 
are not simply due to a lack of willpower but are instead 

powerful biological adaptations. The main physiological 
mechanisms and predictors are outlined below.

3.1  Metabolic adaptations, energy expenditure and 
body composition balance

After weight loss, the body experiences metabolic adapta-
tion, which involves a disproportionate reduction in energy 
expenditure compared to the decrease in lean body mass 
[38]. This includes reductions in resting metabolic rate 
(RMR) and total 24-hour energy expenditure. This adaptive 
decrease in energy use may enhance the body’s efficiency 
in utilizing energy, making it harder to maintain weight. 
However, measuring adaptive thermogenesis accurately is 
challenging because it can be influenced by hydration status 
of fat-free mass (FFM) and variability in organ- and tissue-
specific metabolic rates [15, 38]. A long-term study in the 
Pima Indian population showed that initial energy expen-
diture predicted weight gain over four years, and 24-hour 
energy expenditure was linked to changes in body weight 
[39]. Conversely, a 2022 re-analysis using the international 
doubly labeled water database found no clear link between 
24-hour energy expenditure and weight or fat mass gain, 
possibly due to the short follow-up period [40]. Physical 
activity can partly counteract this decline in energy expen-
diture [41]. In fact, a greater reduction in physical activity-
related energy expenditure during early weight loss has been 
inversely linked to the amount of weight regained after 12 
months. For long-term maintenance, objectively measured 
regular physical activity of 150–250 min per week seems 
adequate, with no significant extra benefit beyond this 
range. Clinical studies in patients undergoing severe dietary 
restriction have documented marked falls in RMR con-
comitant with hormonal shifts, implicating reduced energy 
expenditure as a key short-term determinant of weight 
regain [42]. Therefore, preservation of initial RMR after 
weight loss could play a critical role in facilitating further 
weight loss and preventing weight regain in the long-term. 
As an example, in a group of obese patients treated with a 
very low-calorie ketogenic diet (VLCKD), the RMR was 
relatively preserved, remaining within the expected limits 
for the variations in FFM, and avoided the metabolic adap-
tation phenomenon [43].

In these regards, body composition, especially fat distri-
bution (visceral vs. subcutaneous fat), is important, as met-
abolic risks vary across different adipose depots [17, 44]. 
It is essential to move beyond a two-compartment model 
(fat and FFM) and pursue deep phenotyping of body com-
position at the organ and tissue level [44, 45]. Metabolic 
risk varies across fat depots, and lean mass is metabolically 
diverse, made up of organs and tissues with different meta-
bolic rates. The initial proportion of body fat, which reflects 
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the fat-to-FFM ratio, may serve as a fat-lean partitioning 
memory that influences the composition of regained weight 
[45]. Maintaining muscle mass during weight loss is cru-
cial for long-term success [46]. New technologies, such as 
smartphone-based visual capture, are being developed to 
monitor muscle mass [47].

From a morphofunctional standpoint, the biological sig-
nificance of weight loss extends well beyond the absolute 
reduction in body weight. The clinical consequences of 
weight reduction are determined not only by the magnitude 
of fat loss, but also by the relative preservation or deterio-
ration of lean tissue, the redistribution of adipose depots, 
and the resulting impact on metabolic and functional status. 
In this regard, obesity should not be viewed merely as an 
excess of body mass, but as a chronic adiposity-based dis-
ease characterized by alterations in fat quantity, fat distribu-
tion, tissue functionality, and organ-level consequences, as 
highlighted in recent conceptual frameworks and in the mor-
phofunctional model of chronic metabolic adipose disease 
[48]. This distinction is particularly relevant after weight 
loss, when compensatory metabolic adaptations coexist 
with heterogeneous remodelling of body composition. Indi-
viduals who appear to have achieved similar reductions in 
body weight may differ substantially in terms of visceral 
adiposity, ectopic fat persistence, muscle mass preservation, 
muscle quality, and hydration status, all of which may influ-
ence subsequent metabolic risk and the propensity to regain 
weight.

Accordingly, the assessment of weight-loss maintenance 
should move beyond conventional anthropometric end-
points and incorporate a morphofunctional evaluation of 
body composition and tissue performance. Visceral adipos-
ity is more closely linked to insulin resistance, low-grade 
inflammation, and cardiometabolic complications than 
subcutaneous fat, whereas impaired muscle quantity and 
quality may contribute to reduced resting energy expendi-
ture, diminished metabolic flexibility, and poorer long-term 
adaptation to energy restriction [49–51]. In clinical practice, 
this broader phenotyping can be refined through comple-
mentary tools such as bioelectrical impedance analysis, 
phase angle, nutritional ultrasound, and functional perfor-
mance testing, which together provide clinically relevant 
information on adipose tissue distribution, cellular integ-
rity, skeletal muscle status, and functional reserve [52, 53]. 
Such an approach may identify patients with metabolically 
adverse remodeling despite apparently successful weight 
loss, including those with persistent visceral adiposity, dis-
proportionate lean mass depletion, or evolving sarcopenic 
obesity. Therefore, morphofunctional monitoring offers a 
more precise framework for interpreting post-treatment tra-
jectories and may improve the personalization of long-term 
obesity care by distinguishing true metabolic recovery from 

weight evolution patterns that conceal biologically unfavor-
able regain.

3.2  Neuronal, hormonal, and molecular control of 
energy homeostasis in weight regain after weight 
loss

Weight regain after weight loss is not simply the conse-
quence of reduced adherence to lifestyle recommenda-
tions, but the result of a coordinated neuroendocrine and 
molecular response that actively promotes restoration of 
body weight. Energy homeostasis is regulated by a highly 
integrated system that combines central neuronal circuits, 
peripheral hormonal signals, and emerging genetic and 
epigenetic regulators, all of which interact to defend body 
weight after its reduction (Fig. 1).

Weight regain is driven by coordinated adaptations across 
central, peripheral, and molecular systems that collectively 
favor restoration of body weight. At the central level, hypo-
thalamic circuits—particularly within the arcuate nucleus 
(ARC)—and brainstem nuclei (nucleus tractus solitarius 
and area postrema) integrate peripheral signals and promote 
an orexigenic shift characterized by increased hunger and 
reduced satiety. Peripheral hormonal adaptations include 
decreased leptin and increased ghrelin, together with reduc-
tions in satiety-related signals such as GLP-1, peptide 
YY (PYY), and insulin, leading to increased appetite and 
decreased energy expenditure. Stress-responsive pathways, 
including the GDF-15–GFRAL axis, modulate appetite 
through brainstem-mediated mechanisms. In parallel, skel-
etal muscle-derived signals (myokines), particularly irisin, 
contribute to metabolic adaptation, thermogenesis, and 
insulin sensitivity during weight loss and regain. Genetic 
and epigenetic factors further modulate individual suscep-
tibility by influencing neuroendocrine signaling and meta-
bolic responses, potentially contributing to a “metabolic 
memory” that favors relapse. The integration of these path-
ways results in a persistent biological drive toward weight 
regain, even in the presence of sustained behavioral efforts.

At the central level, energy homeostasis is regulated by a 
highly integrated neuroendocrine network that coordinates 
peripheral signals of energy stores, nutrient availability, and 
meal-related satiety with central circuits controlling appe-
tite, reward, and energy expenditure. At the core of this sys-
tem lies the hypothalamus, particularly the arcuate nucleus 
(ARC), which functions as a major sensing and integration 
center for circulating hormonal and nutrient-related sig-
nals. Within the ARC, two functionally antagonistic neu-
ronal populations play a central role: orexigenic neurons 
co-expressing neuropeptide Y (NPY) and agouti-related 
peptide (AgRP), which stimulate food intake and reduce 
energy expenditure, and anorexigenic pro-opiomelanocortin 
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(POMC)/cocaine- and amphetamine-regulated transcript 
(CART) neurons, which promote satiety and increase energy 
expenditure. These neuronal populations integrate periph-
eral endocrine inputs and project to downstream hypotha-
lamic and extra-hypothalamic nuclei involved in feeding 
behavior and autonomic regulation [54, 55].

Among the peripheral signals regulating this system, 
leptin and insulin provide information on long-term energy 
stores, whereas ghrelin, GLP-1, peptide YY (PYY), cho-
lecystokinin (CCK), and amylin convey short-term infor-
mation related to meal initiation and termination. Leptin, 
secreted by adipose tissue in proportion to fat mass, acts pri-
marily to suppress appetite and facilitate energy expenditure 
through activation of anorexigenic pathways and inhibition 
of orexigenic neurons. By contrast, ghrelin, mainly secreted 
by the stomach, is the only well-established peripheral orex-
igenic hormone and rises before meals to stimulate hunger 
and meal initiation. In contrast, postprandial gut hormones 
such as GLP-1, PYY, and CCK promote satiation and reduce 
food intake through both direct central effects and vagally 
mediated gut–brain signaling. The brainstem, particularly 
the nucleus tractus solitarius and area postrema, also plays 
a key role in integrating these visceral and hormonal inputs 
and relaying them to hypothalamic centers [56, 57].

This homeostatic system is closely interconnected with 
hedonic and reward-related neural pathways, including the 
mesolimbic dopaminergic system, amygdala, insula, orbito-
frontal cortex, and prefrontal cortex. As a result, food intake 
is not determined solely by metabolic need but also by 
reward valuation, learned behavior, and emotional state. In 
obesity, these pathways may become dysregulated, contrib-
uting to increased responsiveness to highly palatable foods 
and impaired inhibitory control. This interaction between 
homeostatic and hedonic circuitry helps explain why eating 
behavior may persist despite adequate or excessive energy 
stores [58].

A particularly relevant aspect is that weight loss induces 
coordinated neuronal and hormonal adaptations that favor 
weight regain. Diet-induced weight loss is associated with 
reductions in circulating leptin, insulin, PYY, CCK, GLP-
1, and amylin, together with increases in ghrelin and sub-
jective hunger. Importantly, these changes are not merely 
transient. In a landmark human study, Sumithran et al. 
showed that several of these appetite-promoting hormonal 
adaptations persisted for at least one year after initial weight 
loss, together with sustained increases in appetite, support-
ing the concept that the body actively defends its previous 
weight [42]. These endocrine adaptations are accompanied 

Fig. 1  Integrated neuroendocrine and molecular model of weight regain after weight loss
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by central responses that amplify orexigenic signaling and 
reduce satiety, thereby creating a biological environment 
highly permissive to relapse [59].

From a predictive point of view, leptin and ghrelin are 
particularly relevant to weight regain. Baseline leptin and 
ghrelin profiles may help identify individuals at higher risk 
of subsequent relapse. In a study of diet-induced weight 
loss, it was reported that subjects with higher baseline leptin 
and lower ghrelin concentrations were more likely to regain 
lost weight, suggesting that pre-existing endocrine status 
may reflect a stronger biological tendency to defend adi-
posity [60]. Building on this, the same group showed that 
the pretreatment leptin-to-ghrelin ratio may improve pre-
diction of weight regain [61]. However, broader reviews 
indicate that changes in leptin, ghrelin, or insulin alone do 
not consistently predict weight regain across all free-living 
populations, underscoring the need to interpret endocrine 
biomarkers within a multidimensional framework that also 
includes behavioral and environmental determinants [62].

The endocrine response to weight loss includes also 
reductions in insulin and satiety-related gut-derived sig-
nals, further weakening meal termination and strengthen-
ing hunger-related signaling. These peripheral adaptations 
interact with reward-related neural pathways, increasing 
the motivational value of food and reducing the stability of 
dietary restraint over time. Thus, the endocrine system does 
not merely reflect changes in body composition; it actively 
participates in the defense of a higher body weight set-point 
or settling point [59].

Adipose tissue also plays a central and active role in the 
biological drive to regain weight after weight loss through 
coordinated changes in its cellularity and metabolic function. 
Following weight reduction, adipocytes become smaller but 
more metabolically efficient, exhibiting enhanced insulin 
sensitivity and an increased capacity to uptake and store 
circulating nutrients, which favors rapid energy repletion 
when food intake increases. At the same time, reductions 
in adiposity signals such as leptin and insulin, together with 
improved nutrient clearance, convey a state of energy deple-
tion to the brain, promoting increased appetite and reduced 
energy expenditure. This creates a persistent “energy gap” 
that drives positive energy balance and weight regain. 
Additionally, potential increases in adipocyte number dur-
ing relapse may further expand lipid storage capacity, rein-
forcing the propensity to regain weight. Altogether, these 
adaptations position adipose tissue as a key regulator of 
post-weight-loss physiology, actively facilitating the resto-
ration of lost fat mass [63].

Importantly, adipose tissue dysfunction in obesity is 
also characterized by chronic low-grade inflammation 
and increased oxidative stress, which further contribute to 
metabolic dysregulation and may influence weight regain. 

Hypertrophic adipocytes and hypoxic conditions promote 
immune cell infiltration and the secretion of pro-inflam-
matory adipokines, establishing a persistent inflammatory 
milieu. This state is closely linked to elevated production of 
reactive oxygen species (ROS), driven by mechanisms such 
as mitochondrial dysfunction, NADPH oxidase activation, 
and impaired antioxidant defenses. Oxidative stress and 
inflammation reinforce each other, impair insulin signal-
ing, and enhance lipid storage efficiency, thereby favoring 
energy conservation and adipose tissue expansion. Notably, 
these alterations can persist after weight loss, maintaining a 
metabolically “primed” adipose tissue that facilitates rapid 
re-accumulation of fat mass and contributes to the high sus-
ceptibility to weight regain [64].

Moreover, emerging evidence highlights the role of 
growth differentiation factor 15 (GDF-15) as a stress-
responsive endocrine regulator of energy balance. GDF-
15 is a circulating cytokine of the transforming growth 
factor-β superfamily that signals through the GFRAL recep-
tor, selectively expressed in the area postrema and nucleus 
tractus solitarius of the brainstem. Activation of the GDF-
15–GFRAL axis suppresses appetite, induces aversive feed-
ing responses, and promotes weight loss independently of 
hypothalamic pathways [65, 66]. Preclinical studies have 
demonstrated that GDF-15 administration leads to signifi-
cant reductions in body weight, while disruption of GFRAL 
signaling abolishes these effects [65]. In humans, circulat-
ing GDF-15 levels increase in response to cellular stress, 
mitochondrial dysfunction, and inflammation, and have 
been associated with reduced appetite and weight loss in 
pathological conditions such as cancer and chronic disease 
[66]. Within the context of obesity, GDF-15 may act as a 
compensatory signal counteracting positive energy balance, 
although its role in weight regain remains incompletely 
understood.

Another layer of endocrine regulation is provided by 
myokines, particularly irisin, which mediate communica-
tion between skeletal muscle and adipose tissue. Irisin has 
been implicated in the regulation of energy expenditure, 
thermogenesis, and insulin sensitivity. Circulating irisin lev-
els decrease during weight loss and tend to increase during 
weight regain, suggesting that it reflects dynamic changes in 
energy balance [67]. Furthermore, irisin has been associated 
with the development of insulin resistance during weight 
regain [68], supporting a role in metabolic adaptation.

Beyond endocrine signaling, genetic and epigenetic 
mechanisms are increasingly recognized as key modulators 
of energy homeostasis and weight regain. Genetic suscep-
tibility, including variants associated with adiposity and fat 
distribution, may influence both initial response to weight 
loss and the propensity for relapse. However, genetic effects 
appear modest in isolation and are likely mediated through 
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interactions with environmental and behavioral factors. 
More dynamic regulation is provided by epigenetic mecha-
nisms, including DNA methylation and gene expression 
changes in pathways related to appetite control, inflamma-
tion, and adipogenesis.

From the genetic perspective, specific polymorphisms 
and risk alleles appear to modulate both the initial response 
to weight loss interventions and the likelihood of relapse. 
For instance, Goyenechea et al. [69] demonstrated that obese 
subjects completing an 8-week low-calorie diet followed by 
a 6-month maintenance phase were more likely to regain ≥ 
10% of lost weight if they exhibited elevated inflammatory 
markers (TNF-α, IL-6, CRP) and increased mRNA expres-
sion of TNFα and NF-κB in peripheral blood mononuclear 
cells, suggesting a genetic–inflammatory axis that predis-
poses to relapse. In large behavioral trials, Papandonatos 
et al. [70] found that a variant in MTIF3 (rs1885988) was 
associated with greater weight loss under lifestyle inter-
vention and hinted at a modest role in modulating regain, 
pointing to the nuanced influence of common obesity loci. 
More recently, Christiansen et al. (2023) reported in the 
Look AHEAD cohort that polygenic risk scores (PGSs) for 
abdominal adiposity, but not overall BMI, were predictive 
of adverse fat redistribution (increased waist circumfer-
ence) during follow-up, even in the absence of overt weight 
regain. These findings suggest that genetic predisposition 
may shape not only relapse risk but also the pattern of fat 
accumulation, underscoring the relevance of central adipos-
ity as a clinical target.

Complementing these insights, epigenetic mechanisms 
are increasingly recognized as dynamic regulators of 
weight maintenance. Weight cycling and dietary interven-
tions induce molecular marks, such as DNA methylation 
and microRNA expression, that alter gene networks gov-
erning appetite, adipogenesis, and energy metabolism. Such 
changes may contribute to the persistence of a “thrifty” phe-
notype that facilitates weight regain. In a translational study, 
Crujeiras et al. [71] showed that DNA methylation in leu-
kocytes of men with obesity undergoing a hypocaloric diet 
predicted long-term weight trajectories. Specifically, higher 
POMC promoter methylation correlated with sustained 
weight loss, whereas lower NPY promoter methylation was 
linked to relapse, independent of baseline BMI and weight 
loss magnitude. These results provide strong evidence that 
peripheral epigenetic signatures can serve as early biomark-
ers of weight regain risk.

Similar mechanisms appear relevant in surgical contexts. 
Nicoletti et al. [72] reported that preoperative methyla-
tion of MFSD3, a solute-carrier gene involved in nutrient 
transport and adipose homeostasis, predicted weight regain 
following Roux-en-Y gastric bypass, extending the predic-
tive value of epigenetic markers to bariatric populations. 

Moreover, recent studies demonstrate that adipose tissue 
retains an “epigenetic memory” of obesity, with persistent 
molecular changes in adipocytes predisposing to inefficient 
lipolysis and increased fat storage, particularly in visceral 
depots, which are strongly linked to cardiometabolic risk 
[73, 74].

Taken together, current evidence supports a model in 
which weight regain is driven by the interaction of neuronal, 
hormonal, genetic, epigenetic, and muscle-derived signals. 
Within this framework, leptin, ghrelin, GDF-15, and myo-
kines such as irisin act not only as mechanistic mediators 
but also as potential biomarkers of relapse risk. However, no 
single pathway fully explains weight regain. These systems 
interact to create a biological environment that favors res-
toration of lost weight, highlighting the need for integrated, 
long-term therapeutic strategies. Future approaches should 
therefore focus on integrating these multidimensional sig-
nals into predictive models and personalized interventions, 
with the aim of improving long-term weight maintenance 
and redefining therapeutic success in obesity. These obser-
vations have important therapeutic implications. First, they 
reinforce the concept that weight regain is not simply a con-
sequence of poor adherence, but the predictable result of 
persistent biological pressures. Second, they help explain 
the efficacy of treatments targeting the gut–brain axis, 
including GLP-1 receptor agonists and related incretin-
based therapies, which partially counteract post-weight-loss 
hunger and improve satiety signaling. Third, they suggest 
that successful long-term management of obesity requires 
strategies capable of addressing both the homeostatic and 
hedonic dimensions of eating behavior, ideally within a 
chronic-care framework.

4  Preventing weight regain after weight 
loss: a multifactorial and physiologically 
based challenge

Preventing weight regain after weight loss is a complex 
challenge rooted in physiological adaptations that natu-
rally favor regaining lost weight. Obesity is regarded as an 
Adiposity-Based Chronic Disease (ABCD), meaning that 
effective management requires a continuous, comprehen-
sive approach [61, 65]. Preventing weight regain involves 
pharmacological, behavioral, and lifestyle strategies, often 
used together for the best results.

4.1  Pharmacological approaches

Several medications have demonstrated effectiveness in 
promoting weight loss [75] ; however, weight regain is 
common and tends to happen quickly after stopping therapy, 
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indicating that these treatments do not permanently alter the 
body’s weight set point [7, 17–20, 23]. This emphasizes the 
need for ongoing treatment or the development of tapering 
strategies.

Medications such as liraglutide, semaglutide, and tirzepa-
tide have shown significant efficacy. However, further stud-
ies are needed to determine the optimal duration of these 
treatments or to identify dose-reduction regimens that may 
prevent weight regain. A nonlinear meta-regression mod-
elling six randomized controlled trials estimated that 60% 
of the weight lost during GLP-1RA treatment is regained 
at one year after cessation, with trajectories plateauing at 
approximately 75% of the original weight loss, following a 
decelerating exponential recovery pattern [20]. Recent stud-
ies by Cengiz et al. [76], and Wu et al. [77], suggest that 
reduced-frequency dosing of GLP-1 receptor agonists may 
maintain a substantial proportion of weight loss while low-
ering treatment costs. Case reports and pharmacokinetic-
pharmacodynamic modeling show that dosing every 10 to 
28 days preserves 50–90% of the weight loss achieved with 
weekly regimens. At the population level, biweekly dosing 
could allow twice as many individuals to access treatment 
without increasing overall costs, potentially improving obe-
sity-related outcomes. While these approaches are off-label 
and require clinical validation, they represent a promising 
strategy for sustaining weight loss in the face of limited 
drug availability and high economic burden. These findings 
reinforce the view that GLP-1 receptor agonists should not 
be considered a definitive cure for obesity, and that healthy 
dietary and lifestyle practices must remain the foundation of 
long-term weight management, with pharmacotherapy used 
as an adjunct rather than a substitute.

An emerging strategy to mitigate weight regain while 
optimizing body composition involves combining GLP-1 
receptor agonists with bimagrumab, a first-in-class monoclo-
nal antibody that blocks activin type II receptors (ActRIIA/
ActRIIB), thereby inhibiting myostatin and activin A sig-
naling and promoting lean mass preservation and fat mobi-
lization. In the phase 2b BELIEVE trial in 507 adults with 
overweight or obesity, the combination of bimagrumab 30 
mg and semaglutide 2.4 mg achieved a mean weight loss of 
22.1% at 72 weeks, compared to 15.7% with semaglutide 
alone, with 92.8% of the total weight lost attributable to fat 
mass versus 71.8% with semaglutide monotherapy [78].

Other FDA-approved anti-obesity medications for long-
term use, such as the phentermine-topiramate combination 
(extended release), may promote sustained weight loss and 
metabolic benefits by suppressing appetite [9]. Other agents 
that might influence weight loss include metformin, exena-
tide, pramlintide, canagliflozin, bupropion, and naltrex-
one. However, some studies may overestimate therapeutic 

effects by not accounting for weight regain during the treat-
ment period.

It is important to note that pharmacotherapy alone, with-
out concurrent lifestyle changes, may not fully achieve the 
weight loss potential of the drug.

4.2  Behavioral and environmental strategies

Long-term weight maintenance is shaped by the interac-
tion of behavioral and environmental factors beyond initial 
weight loss. Although healthy dietary and physical activity 
patterns support weight control, their sustainability is often 
compromised over time. Multiple determinants, including 
eating behaviors, physical activity patterns, psychological 
processes, and sociocultural influences, contribute to the 
risk of weight regain (Table 1).

  

4.2.1  Dietary relapse patterns and food environmental 
influences

Dietary habits and food choices are central determinants 
of long-term weight loss maintenance and weight regain. 
Higher overall diet quality, characterized by greater con-
sumption of fruits, vegetables, and fiber-rich foods, has 
been consistently associated with more successful weight 
maintenance and improved cardiometabolic outcomes [8, 
79]. These dietary patterns, typically lower in energy den-
sity, may promote satiety and reduce overall energy intake 
[79]. Conversely, increased consumption of sugar-sweet-
ened beverages, energy-dense foods, and ultra-processed 
products has been linked to greater risk of weight regain 
[8, 80].

Beyond dietary composition, maladaptive eating behav-
iors play a critical role in relapse. Emotional eating, loss of 
control over intake, binge eating, and night eating are fre-
quently associated with weight regain [80]. In addition, dis-
organized eating patterns—such as irregular meal timing, 
lack of structured meals, and frequent grazing—may lead 
to unrecognized caloric intake and impaired weight control.

Food preferences and choices also tend to shift during 
relapse phases toward highly palatable, energy-dense foods 
rich in fats and sugars, alongside reduced intake of vege-
tables and protein sources. In specific populations, such as 
individuals following bariatric surgery, physiological fac-
tors including reduced gastric capacity, food intolerances, 
and changes in taste preferences may further promote the 
selection of energy-dense foods and avoidance of fiber-rich 
options [80].

Importantly, these behaviors are embedded within a 
broader food environment that facilitates overconsumption. 
The widespread availability, affordability, and promotion of 
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highly palatable, energy-dense foods, along with external 
cues such as portion sizes and social eating contexts, can 
reinforce maladaptive eating patterns and increase the like-
lihood of dietary relapse.

4.2.2  Physical activity and sedentary patterns

Physical activity levels and sedentary behaviors are key 
determinants of long-term weight maintenance and weight 
regain. Higher levels of moderate-to-vigorous physical 
activity are consistently associated with improved weight 
maintenance outcomes, with greater weekly volumes linked 

to more favorable results [8, 9]. In addition, behavioral 
factors such as higher exercise self-efficacy and lower per-
ceived barriers to physical activity are positively associated 
with sustained engagement and weight control [8].

Although physical activity alone typically results in mod-
est weight loss, it plays a critical role in weight maintenance 
through its effects on energy balance and body composi-
tion. Regular physical activity contributes to the preserva-
tion of lean body mass, reductions in fat mass—particularly 
visceral adiposity—and improvements in metabolic health 
[9]. Moreover, it helps counteract the adaptive reduction in 

Table 1  Behavioral and lifestyle strategies for long-term weight maintenance
Domain Strategy Key components Mechanisms of action Impact on weight 

maintenance
Refer-
ences

Self-monitoring Frequent 
self-weighing

Daily or weekly weight tracking; 
low stress related to weighing

Increases awareness and early 
detection of weight changes; 
reinforces behavioral regulation

Strongly associated with 
successful long-term 
weight maintenance

[8]

Dietary 
self-monitoring

Tracking food intake and eating 
patterns

Improves adherence, portion 
control, and dietary quality

One of the strongest 
predictors of weight 
maintenance success

[8]

Dietary strategies High-quality 
dietary patterns

Low-energy-density, high-fiber 
foods (fruits, vegetables, whole 
grains)

Promotes satiety and reduces 
caloric intake

Supports sustained 
weight loss and pre-
vents regain

[1, 2, 
8]

Caloric and food 
selection control

Reduced intake of sugar-sweetened 
beverages, desserts, ultra-processed 
foods; increased water/diet 
beverages

Reduces excess caloric intake 
and improves metabolic profile

Lower risk of weight 
regain

[1, 2, 
8]

Structured eating 
behaviors

Meal planning, regular eating 
schedules, mindful eating

Prevents disorganized eating, 
emotional eating, and snacking

Improves adherence 
and long-term weight 
stability

[1, 2, 
8]

Behavioral 
confidence

Confidence in food choices and 
adherence

Reinforces sustainable dietary 
behaviors

Enhances long-term 
success

[8]

Physical activity Regular moder-
ate-to-vigorous 
activity

≥ 150 min/week (minimum); >200 
min/week (optimal)

Increases energy expendi-
ture and supports metabolic 
adaptation

Strong predictor of 
weight maintenance

[8, 9]

Exercise 
programming

Combination of aerobic and resis-
tance training

Preserves lean mass and 
reduces visceral fat

Improves body com-
position and metabolic 
health

[8, 9]

Behavioral sup-
port for activity

Enhancing self-efficacy, reducing 
barriers, structured programs

Improves adherence to physical 
activity

Sustains long-term 
engagement

[8, 9]

Sedentary behav-
ior reduction

Limiting screen time and prolonged 
sitting

Improves energy balance and 
metabolic regulation

Reduces risk of weight 
regain

[1, 
2], 
4-6]

Multicomponent 
interventions

Integrated behav-
ioral programs

Self-monitoring, dietary changes, 
stimulus control, stress manage-
ment, cognitive therapy

Targets multiple determinants 
of behavior simultaneously

More effective than 
single-component 
approaches

[1, 9]

Habit-based 
interventions

Formation of automatic healthy 
behaviors

Reduces reliance on con-
scious effort and improves 
sustainability

Behaviors more resis-
tant to relapse

[1, 9]

Psychological 
strategies

Motivation and 
self-regulation

Enhancing intrinsic motivation, 
self-efficacy, coping strategies

Supports long-term adherence 
to lifestyle changes

Improved maintenance 
outcomes

[8, 
84]

Cognitive-behav-
ioral therapy 
(CBT)

Addressing maladaptive eating pat-
terns and emotional regulation

Modifies dysfunctional behav-
iors and thought patterns

Reduces relapse and 
emotional eating

[8, 
84]

Stress and 
emotional 
management

Coping with weight-related stress 
and emotional triggers

Improves behavioral consis-
tency and reduces overeating

Supports sustained 
weight control

[8, 
84]



1 3

Reviews in Endocrine and Metabolic Disorders

energy expenditure that commonly occurs following weight 
loss [81].

Conversely, declines in physical activity over time and 
low participation in structured exercise are frequently asso-
ciated with weight regain [80]. Reduced energy expendi-
ture is often not accompanied by a proportional decrease 
in energy intake, contributing to a positive energy balance. 
In parallel, high levels of sedentary behavior—such as 
prolonged sitting, screen time, and low daily movement—
are independently linked to adverse metabolic outcomes, 
including insulin resistance, reduced metabolic rate, and 
increased fat accumulation [80].

Research suggests that physical activity appears to be 
more strongly associated with long-term weight mainte-
nance than with initial weight loss, highlighting the impor-
tance of sustained activity patterns and the detrimental 
impact of inactivity and sedentary lifestyles on weight 
regain risk [82].

4.2.3  Psychological determinants

Psychological factors play a critical role in weight con-
trol and the long-term maintenance of weight loss. Cogni-
tive and emotional determinants identified in the literature 
include stress, mood and depression, quality of life, moti-
vation, self-efficacy, perceived barriers, body image, self-
concept, impulse control, and behavioral reinforcement [8, 
9]. Among these, exercise- and weight-related self-efficacy 
show strong positive associations with successful weight 
maintenance, whereas dietary self-efficacy demonstrates 
moderate evidence as a long-term predictor [2, 8]. Higher 
physical self-worth and intrinsic motivation for exercise are 
also linked to better weight maintenance outcomes [8].

Quality of life is similarly associated with weight out-
comes. Observational studies report that moderately active 
individuals achieve higher scores across various domains of 
quality of life, including self-esteem, physical functioning, 
and social relationships, and those who avoid weight regain 
generally report superior values in these domains [83].

Emotional regulation and brain reward pathways signifi-
cantly influence eating behaviors. Emotional eating, defined 
as food intake in response to negative emotions rather than 
physiological hunger cues, is associated with depressive 
symptoms, anxiety, and increased susceptibility to weight 
gain [80, 84]. Consumption of highly palatable foods may 
provide temporary relief via modulation of neurotransmit-
ters involved in pleasure and reward, such as serotonin and 
dopamine, creating negative feedback loops in which emo-
tional distress promotes maladaptive eating behaviors that 
contribute to weight gain and further psychological distress 
[80].

Neurobiologically, brain regions involved in emotion 
regulation and appetite control—including the insula, amyg-
dala, and prefrontal areas—interact closely to modulate 
feeding behavior [84]. Dysregulation in these circuits may 
impair emotional regulation and increase the likelihood of 
using food as a coping strategy for stress or negative emo-
tions. Personality traits such as high neuroticism and rigid 
cognitive styles (e.g., dichotomous “all-or-nothing” think-
ing) are associated with higher risk of overeating episodes 
and increased likelihood of weight regain following weight-
loss interventions [84].

These findings indicate that long-term weight mainte-
nance depends not only on metabolic and behavioral fac-
tors but also on complex psychological processes involving 
emotional regulation, motivation, and brain reward systems. 
Psychological interventions, including cognitive-behavioral 
therapy, can help modify dysfunctional cognitive patterns 
and improve emotional regulation, thereby supporting more 
sustainable weight control [80, 84].

4.2.4  Sociocultural and economic factors

Obesity is a complex condition influenced not only by bio-
logical and behavioral factors but also by social, economic, 
and cultural determinants that shape health-related behav-
iors. Social determinants of health—including economic 
stability, access to education, social environment, and 
healthcare services—significantly affect obesity risk and 
associated comorbidities. For example, recent studies high-
light that socioeconomic disparities and cultural practices 
interact with environmental factors to influence obesity risk 
across populations [85]. Theoretical frameworks suggest 
that socioeconomic status, cultural practices, and adverse 
childhood experiences can predispose individuals to obesity 
across the lifespan, as cumulative social disadvantages pro-
gressively increase the risk of weight gain [85, 86].

Socioeconomic inequalities play a key role in the onset 
and persistence of obesity. Lower educational attainment, 
reduced income, and precarious employment limit access to 
resources that facilitate healthy lifestyles, such as nutrient-
dense foods or environments conducive to physical activity. 
Evidence consistently shows that lower socioeconomic sta-
tus is associated with higher obesity prevalence and weight 
gain over time [86]. Economic constraints and associated 
psychosocial stress may also promote unhealthy behaviors, 
including poor dietary patterns and sedentary lifestyles, 
thereby increasing obesity risk and hindering long-term 
weight maintenance [86].

The physical and social environment further influences 
obesity-related behaviors. Availability of safe spaces for 
physical activity, access to supermarkets offering healthy 
foods, and the density of fast-food outlets in certain 
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neighborhoods can either facilitate or hinder the adoption 
of healthy habits. Populations with lower socioeconomic 
status often reside in areas with limited access to health-
promoting resources and higher food insecurity, contribut-
ing to disparities in obesity prevalence [85, 86].

Additionally, family and social dynamics play a signifi-
cant role in adherence to healthy behaviors. Evidence indi-
cates that family disapproval of healthy eating and lack of 
support for physical activity negatively predict weight-loss 
maintenance, highlighting how immediate social context 
can function as either a barrier or facilitator to sustaining 
weight control [8].

In summary, preventing weight regain requires a compre-
hensive and long-term approach that combines consistent 
dietary and physical activity oversight, the development of 
deeply ingrained healthy habits, and, when medically neces-
sary, the strategic use of pharmacotherapy or surgical proce-
dures to counteract the strong physiological adaptations that 
cause the body to regain lost weight. In this regard, group 
educational programs, such as the IGOBE program, have 
been shown to reduce metabolic syndrome in adults with 
obesity [11] and could be a good strategy to prevent weight 
regain.

5  Real-world evidence: the IGOBE case 
study

5.1  Background

The IGOBE (Group Intervention in OBEsity) program pro-
vides a valuable real-world framework to examine weight 
loss maintenance and the dynamics of weight regain fol-
lowing a structured lifestyle intervention. Unlike tightly 
controlled clinical trials, IGOBE reflects routine clinical 
practice, integrating nutritional education, behavioral strat-
egies, and physical activity promotion within a group-based 
format and longitudinal follow-up [10, 11], a structured, 
multidisciplinary lifestyle intervention designed to promote 
clinically significant weight loss and sustainable behav-
ioural changes in overweight or obese individuals.

5.2  Materials and methods

The programme was conducted in a real clinical setting at 
a single centre and lasted a total of 12 months, including an 
initial assessment, a six-week intensive intervention phase, 
and follow-up reinforcement sessions as previously pub-
lished [10, 11].

Briefly, before initiating the intervention, all partici-
pants underwent a comprehensive baseline assessment 
performed by specialists in endocrinology and nutrition. 

This evaluation included collection of clinical history, 
anthropometric measurements, body composition analysis, 
and assessment of lifestyle behaviors using validated ques-
tionnaires. Anthropometric measurements were performed 
under standardized conditions after an overnight fast, with 
participants barefoot and wearing light clothing. Lifestyle 
behaviors were evaluated using the validated Spanish Eat-
ing Habits Questionnaire for Patients with Overweight and 
Obesity, which assesses dietary patterns, physical activity, 
and psychological aspects of eating behavior [10, 11].

The intervention integrated nutritional education, behav-
ioral strategies, and physical activity promotion. Partici-
pants received guidance on adopting a balanced hypocaloric 
dietary pattern designed to achieve an energy deficit of 
approximately 500–1000 kcal/day relative to habitual 
intake, in accordance with established clinical guidelines 
for obesity management. Educational sessions focused on 
practical aspects of dietary improvement, including meal 
planning, development of balanced menus, healthy recipe 
preparation, interpretation of food labels, and strategies for 
healthier food purchasing. Behavioral components empha-
sized self-monitoring of dietary intake and lifestyle behav-
iors, identification of emotional triggers associated with 
eating, and development of strategies to improve long-term 
adherence [10, 11].

Promotion of physical activity was an integral compo-
nent of the program. Participants were encouraged to pro-
gressively increase their activity levels to reach at least 
360  min of physical activity per week or approximately 
10,000 steps per day, including strength-based exercises. 
Each session incorporated a brief supervised exercise seg-
ment, and participants were encouraged to continue these 
activities independently.

To support adherence and reinforce behavioral change, 
participants had access to additional digital resources, 
including an online platform providing educational materi-
als and healthy recipes, as well as email-based reinforce-
ment messages. Participants were also encouraged to record 
their dietary intake, physical activity, and behavioral pat-
terns using written logs or mobile applications.

After completion of the intensive phase, two reinforce-
ment sessions were conducted at 6 and 12 months to con-
solidate behavioral changes and reduce the risk of weight 
regain. Anthropometric and behavioral assessments were 
repeated at the end of the intensive phase and during follow-
up visits, allowing evaluation of both short-term and long-
term effects of the IGOBE intervention on body weight and 
lifestyle behaviors.

In this new approach, participants were classified accord-
ing to body-weight change between the end of the inten-
sive intervention (6 weeks) and the 12-month follow-up. 
Weight maintenance was defined using thresholds such as 
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maintenance of ≥ 10% of initial weight loss, as previously 
describe [60]. Specifically, individuals who regained ≥ 
10% of the weight initially lost were classified as regainers, 
whereas those who regained < 10% of the lost weight were 
considered maintainers. This classification was selected to 
specifically investigate factors associated with the initia-
tion of weight regain following the post-intervention nadir. 
Because body weight was systematically assessed at base-
line, week 6, and month 12, the 6-week visit was used as 
the reference point for evaluating subsequent weight regain 
individual nadir weights occurring between visits could not 
be determined. Participants were classified according to 
weight regain status at 12 months as regainers (n = 63) or 
maintainers (n = 61).

5.3  Results

No significant differences were observed in baseline body 
weight between groups (103.84 ± 21.06 kg in regainers vs. 
111.61 ± 26.21 kg in maintainers; P = 0.71). Similarly, body 
weight at 6 weeks did not differ significantly between groups 
(97.59 ± 20.10 kg vs. 105.08 ± 23.94 kg; P = 0.61) (Table 2).

At 12 months, regainers presented a higher body 
weight compared with maintainers (100.65 ± 20.69  kg vs. 

98.48 ± 21.96  kg), although this difference was not statis-
tically significant (P = 0.572). The change in body weight 
between 6 weeks and 12 months differed significantly 
between groups, with regainers gaining 3.06 ± 3.25 kg while 
maintainers continued to lose weight (− 6.60 ± 8.68  kg; 
P < 0.001). Consequently, total weight loss at 12 months 
respect to baseline was significantly smaller in regain-
ers compared with maintainers (− 3.19 ± 4.43  kg vs. 
−13.13 ± 11.19 kg; P < 0.001).

Both groups experienced an initial reduction in body 
weight during the first 6 weeks of the intervention, regain-
ers showed a progressive increase in body weight thereaf-
ter, whereas maintainers continued to decrease body weight 
throughout the follow-up period (Fig. 2).

Baseline differences in dietary and lifestyle ques-
tionnaire scores were observed between regainers and 
maintainers. The overall habits questionnaire score was 
significantly higher in regainers compared with maintain-
ers (112.48 ± 34.99 vs. 90.67 ± 37.68; P < 0.001). Regain-
ers showed significantly higher baseline scores in several 
questionnaire domains, including sugar intake, healthy eat-
ing, physical activity, caloric content, eating for well-being, 
knowledge and control, control of alcohol consumption, 
and self-rated diet quality (P < 0.05). No statistically signifi-
cant differences were found between groups in the “type of 
foods” domain (P = 0.600) (Table 3).

At the 12-month follow-up, questionnaire scores 
increased in most domains in both groups, indicating an 
overall improvement in eating habits and lifestyle behav-
iors. However, the differences observed between regain-
ers and maintainers at baseline were no longer present. 
The overall habits questionnaire score at 12 months was 
similar between groups (123.76 ± 36.34 in regainers vs. 
118.34 ± 45.47 in maintainers; P = 0.464). Likewise, no sig-
nificant differences were observed between groups for con-
trol of sugar intake, healthy eating, physical activity, caloric 
content, eating for well-being, type of foods, knowledge and 
control, or control of alcohol consumption at the 12-month 
evaluation (P > 0.05).

At baseline, regainers reported a higher self-rated diet 
quality than maintainers (P < 0.05). However, when partici-
pants evaluated their diet over the previous year, no signifi-
cant differences were observed between groups (P = 0.182).

The individual percentage change in lifestyle and dietary 
behavior domains from baseline to the 12-month follow-up 
differed between regainers and maintainers (Table 4). Over-
all, maintainers showed larger improvements across most 
domains of the questionnaire compared with regainers.

Regarding dietary behaviors, maintainers presented a 
significantly greater percentage improvement in the healthy 
eating domain compared with regainers (33.21 ± 51.51% 
vs. 8.89 ± 19.12%, respectively; P < 0.05). Similarly, 

Table 2  Effect of IGOBE on clinical characteristics
Regainers
(N = 63)

Maintainers
(N = 61)

P-value

Basal Weight (kg) 103. 84 ± 21.06 111.61 ± 26.21 0.71
Weight at 6 weeks (kg) 97.59 ± 20.10 105.08 ± 23.94 0.61
Weight at 12 M (kg) 100.65 ± 20.69 98.48 ± 21.96 0.572
Change 12 M-6 weeks 
(kg)

3.06 ± 3.25 -6.60 ± 8.68 < 0.001

Change 12 M-basal 
(kg)

-3.19 ± 4.43 -13.13 ± 11.19 < 0.001

Fig. 2  Time-course of body weight during the intervention and follow-
up according to weight regain status. Mean body weight (kg) at base-
line, 6 weeks, and 12 months in participants classified as regainers 
(n = 63) and maintainers (n = 61). Data are presented as mean ± SEM
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improvements in the caloric content domain were signifi-
cantly higher among maintainers (60.29 ± 60.49%) than in 
regainers (29.21 ± 51.69%; P < 0.05). The domain related to 
eating for well-being also showed a markedly larger increase 

in maintainers compared with regainers (110.29 ± 121.47% 
vs. 38.99 ± 74.30%; P < 0.001). In addition, the knowledge 
and control domain exhibited significantly greater per-
centage change among maintainers (56.58 ± 58.11%) than 
among regainers (24.72 ± 49.41%; P < 0.05). Perceived 
diet quality, assessed through the diet rating variable, also 
improved to a greater extent in maintainers compared with 
regainers (55.03 ± 74.57% vs. 16.09 ± 48.31%; P < 0.05).

Lifestyle-related behaviors also differed between groups. 
The largest change was observed in the physical activity 
domain, where maintainers showed a significantly greater 
increase compared with regainers (114.19 ± 111.70% vs. 
47.86 ± 94.30%; P < 0.001).

For other domains, maintainers also exhibited numeri-
cally greater improvements, although the differences did not 
reach statistical significance. This was the case for the control 
of sugar intake domain, which increased by 43.53 ± 67.02% 
in maintainers compared with 22.59 ± 43.24% in regainers 
(P = 0.055). Similarly, the control of alcohol consumption 
domain showed a higher percentage change in maintain-
ers than in regainers (48.82 ± 104.99% vs. 17.25 ± 62.87%; 
P = 0.064), although the difference was not statistically 
significant.

In contrast, the “type of foods” domain showed relatively 
small changes in both groups, and no statistically signifi-
cant differences were observed between maintainers and 
regainers (16.76 ± 49.84% vs. 8.35 ± 36.45%, respectively; 
P = 0.320).

Together, the present study evaluated the relationship 
between lifestyle habits and weight loss maintenance fol-
lowing participation in the IGOBE program. Although 
participants experienced a similar initial reduction in body 
weight during the intensive phase of the intervention, their 
weight trajectories diverged markedly during follow-up. 
Specifically, at 12 months, individuals who maintained 
weight loss; continued to lose weight (–13.13 ± 11.19 kg 
from baseline), whereas those who regained weight; exhib-
ited a progressive increase in body weight after week six 
(+ 3.06 ± 3.25 kg). These differences were associated with 
distinct patterns of change in lifestyle behaviors, suggesting 
that sustained behavioral improvements are a key determi-
nant of long-term weight outcomes [2, 8].

An important finding of this study is that individuals who 
regained weight started from a significantly more favorable 
baseline lifestyle profile. At baseline, they reported higher 
scores across several diet and lifestyle domains, includ-
ing healthy eating, physical activity, caloric control, and 
knowledge and self-regulation. In contrast, individuals who 
maintained weight initially presented less favorable lifestyle 
habits but exhibited significantly greater improvements dur-
ing follow-up. For example, they showed a significantly 
higher percentage increases in physical activity and eating 

Table 3  Effect of IGOBE on questionnaire items
Regainers
(N = 63)

Maintainers
(N = 61)

P-value

Habits questionnaire 112.48 ± 34.99 90.67 ± 37.65 < 0.001
Habits questionnaire 
12 M

123.76 ± 36.34 118.34 ± 45.47 0.464

Control of sugar intake 14.81 ± 3.80 13.28 ± 4.30 < 0.05
Control of sugar intake 
12 M

16.78 ± 2.65 16.78 ± 3.12 0.997

Healthy eating 34.78 ± 6.05 29.39 ± 7.48 < 0.001
Healthy eating 12 M 36.56 ± 5.46 36.31 ± 5.21 0.808
Physical activity 7.05 ± 4.22 5.31 ± 3.15 < 0.05
Physical activity 12 M 8.51 ± 3.86 9.19 ± 3.89 0.356
Caloric content 14.61 ± 5.01 12.24 ± 4.34 < 0.05
Caloric content 12 M 16.97 ± 5.07 17.67 ± 4.77 0.452
Eating for well-being 8.36 ± 4.15 5.93 ± 3.73 < 0.001
Eating for well-being 
12 M

9.90 ± 3.76 9.63 ± 3.46 0.694

Type of foods 16.95 ± 4.25 16.50 ± 4.84 0.600
Type of foods 12 M 17.45 ± 3.92 17.69 ± 4.69 0.772
Knowledge and control 15.34 ± 4.46 12.52 ± 4.39 < 0.001
Knowledge and control 
12 M

17.44 ± 4.03 17.91 ± 3.75 0.526

Control of alcohol 
consumption

8.46 ± 2.20 7.26 ± 2.70 < 0.05

Control of alcohol 
consumption 12 M

8.85 ± 1.61 8.52 ± 2.00 0.336

Self-rated diet quality 2.20 ± 0.78 1.84 ± 0.73 < 0.05
Self-rated diet quality 
12 M

2.33 ± 0.76 2.51 ± 0.64 0.182

Table 4  Effect of IGOBE on individual percentage change in lifestyle 
and dietary behavior at 12 months

Regainers
(N = 63)

Maintainers
(N = 61)

P-value

Control of sugar intake 
(% change)

22.59 ± 43.24 43.53 ± 67.02 0.055

Healthy eating (% 
change)

8.89 ± 19.12 33.21 ± 51.51 < 0.05

Physical activity (% 
change)

47.86 ± 94.30 114.19 ± 111.70 < 0.001

Caloric content (% 
change)

29.21 ± 51.69 60.29 ± 60.49 < 0.05

Eating for well-being 
(% change)

38.99 ± 74.30 110.29 ± 121.47 < 0.001

Type of foods (% 
change)

8.35 ± 36.45 16.76 ± 49.84 0.320

Knowledge and control 
(% change)

24.72 ± 49.41 56.58 ± 58.11 < 0.05

Control of alcohol con-
sumption (% change)

17.25 ± 62.87 48.82 ± 104.99 0.064

Self-rated diet quality 
(% change)

16.09 ± 48.31 55.03 ± 74.57 < 0.05
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for well-being, reinforcing the notion that the magnitude of 
behavioral change, rather than baseline status, is a stronger 
predictor of long-term weight control [8]. This observation 
suggests that the IGOBE intervention may have been partic-
ularly effective in individuals with less favorable initial hab-
its, leading to meaningful behavioral changes that improved 
long-term weight outcomes.

Although self-reported questionnaires may be influenced 
by reporting bias and social desirability, a plausible inter-
pretation of these findings is that individuals who regained 
weight may have reached a “behavioral ceiling effect,” 
whereby their relatively favorable baseline lifestyle habits, 
limited the potential for further meaningful improvement 
during the intervention. As a result, their weight trajectory 
may have been more strongly influenced by non-behavioral 
determinants, including biological, metabolic, and neuro-
endocrine factors that promote weight regain. In contrast, 
individuals with lower baseline habits had greater capac-
ity for behavioral change, allowing them to achieve larger 
improvements in lifestyle domains that directly translated 
into sustained weight loss and maintenance. This differen-
tial responsiveness suggests that the effectiveness of life-
style interventions may depend not only on adherence per 
se, but also on the initial margin for behavioral improve-
ment, with those starting from less favorable conditions 
deriving greater relative benefit in terms of long-term 
weight outcomes.

Conversely, individuals who already reported rela-
tively favorable lifestyle habits at baseline showed smaller 
behavioral improvements and were more prone to weight 
regain. For these participants, weight regain is unlikely to 
be explained solely by insufficient behavioral adherence; 
but rather reflects the multifactorial nature of obesity as a 
chronic disease [9, 87]. Indeed, obesity is widely recognized 
as a multifactorial condition in which genetic predisposi-
tion, psychological determinants of eating behavior, meta-
bolic adaptations following weight loss, and environmental 
influences; all contribute to long-term weight regulation 
[84, 87].

Biological resistance mechanisms play a central role in 
this process. Weight loss is known to induce a reduction in 
resting metabolic rate through adaptive thermogenesis, a 
phenomenon that may persist even after weight stabilization 
[3, 88]. This hypometabolic state is accompanied by neuro-
endocrine adaptations, such as decreased leptin levels and 
increased ghrelin levels, which promote hunger and energy 
conservation [37, 60]. In this context, the observed increase 
in emotional eating among individuals who regain weight 
after the intensive phase suggests that; reward-related neu-
ral pathways may progressively undermine adherence as 
behavioral fatigue develops [16, 84].

Additionally, interindividual variability in weight trajec-
tories may be partially explained by genetic and epigenetic 
factors. Genetic predisposition has been associated with 
both initial weight loss and subsequent susceptibility to 
weight regain [8]. At the epigenetic level, the concept of 
adipose tissue “memory”, together with evidence of dif-
ferential methylation in appetite-regulating genes such as 
NPY, may predispose certain individuals to weight regain 
[73, 74]. These molecular mechanisms further reinforce the 
limitations of relying exclusively on behavioral predictors.

From a physiological perspective, alterations in body 
composition and fat distribution may also contribute to 
long-term outcomes. This is particularly relevant given the 
metabolically active nature of visceral adipose tissue and 
its role in metabolic dysfunction [87]. In contrast, preserva-
tion of lean mass among individuals who maintained weight 
may have contributed to better maintenance of resting meta-
bolic rate and insulin sensitivity, thereby facilitating long-
term weight stability [38, 43]. These findings are consistent 
with current physiological models suggesting that neuroen-
docrine adaptations may contribute to long-term vulnerabil-
ity to weight regain.

Among the lifestyle domains analyzed, physical activity 
showed one of the largest differences between groups. Indi-
viduals who maintained weight demonstrated a significantly 
greater increase in physical activity compared to those who 
regained weight, in line with previous evidence identifying 
regular physical activity as one of the strongest predictors 
of successful weight loss maintenance [89, 90]. Moreover, 
weight maintainers showed significantly greater improve-
ments in diet-related domains, including healthy eating pat-
terns, caloric control, eating for well-being, and perceived 
diet quality. These findings underscore the importance not 
only of behavioral adherence but also of cognitive and self-
regulatory processes, including habit formation [1, 91].

From a clinical perspective, these findings support the use 
of structured behavioral interventions, such as the IGOBE 
program, as part of routine obesity management [9, 14]. The 
results suggest that individuals with poorer baseline lifestyle 
habits may particularly benefit from such interventions. At 
the same time, the identification of patients with relatively 
favorable initial behaviors but a tendency toward weight 
regain highlights the need for more personalized strategies, 
including closer follow-up and complementary approaches 
such as psychological support or pharmacotherapy [4, 92].

These findings are also relevant in the context of current 
pharmacological therapies for obesity. While medications 
such as GLP-1 receptor agonists can induce substantial 
weight loss, significant weight regain is frequently observed 
after treatment discontinuation in the absence of sustained 
behavioral support [17, 27]. Therefore, structured lifestyle 
programs focused on long-term behavioral change may play 
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an essential complementary role in maintaining weight loss 
over time [93].

Contemporary obesity management increasingly relies 
on integrated and multimodal approaches. Current clinical 
guidelines emphasize that lifestyle modification remains 
the foundation of obesity treatment, even when pharmaco-
logical therapies are prescribed. Behavioral interventions, 
dietary counseling, physical activity promotion, and self-
monitoring are recommended as essential components to 
maximize treatment effectiveness and improve long-term 
weight maintenance. Emerging evidence indicates that 
structured lifestyle interventions may play a critical role in 
minimizing weight regain during dose reduction, discon-
tinuation, or long-term maintenance phases of anti-obesity 
pharmacotherapy [94]. Therefore, the IGOBE experience 
provides relevant insights into the behavioral factors associ-
ated with successful weight maintenance that may comple-
ment pharmacological strategies in routine clinical practice. 
Given that group-based interventions generally require 
fewer resources and are more scalable than individual coun-
seling, programs such as IGOBE may represent a cost-effec-
tive strategy with meaningful clinical impact [10, 11].

6  Summary and future directions

Weight regain must be recognized as an inherent feature of 
obesity rather than a failure of treatment. The prevailing par-
adigm, centered on short-term weight loss, remains insuffi-
cient and misaligned with the chronic, relapsing nature of 
the disease. A growing body of evidence demonstrates that 
weight regain is driven by persistent biological adaptations, 
including reductions in energy expenditure, hormonal shifts 
that favor increased appetite, and neurobiological mecha-
nisms that enhance reward-driven eating. These processes 
are further modulated by genetic and epigenetic susceptibil-
ity, as well as by behavioral and environmental pressures.

Findings from the IGOBE program provide compelling 
real-world evidence that weight trajectories are heteroge-
neous and cannot be predicted by baseline characteristics 
alone. The distinction between maintainers and regainers 
highlights that long-term outcomes are shaped by dynamic 
behavioral changes rather than static profiles. Importantly, 
individuals with apparently favorable baseline habits may 
remain at high risk of regain, underscoring the limitations 
of conventional behavioral models and the need for more 
nuanced, individualized strategies (Fig. 3).

Fig. 3  Conceptual model of weight regain integrating biological, behavioral, and real-world evidence from the IGOBE program
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Weight regain is driven by the interaction of multiple 
mechanisms, including metabolic adaptations (reduced 
energy expenditure and adaptive thermogenesis), hormonal 
changes (alterations in appetite-regulating hormones such 
as leptin and ghrelin), genetic and epigenetic susceptibility, 
and behavioral and environmental factors (dietary patterns, 
physical activity, stress, and self-regulation). Data from the 
IGOBE program illustrate heterogeneous weight trajecto-
ries following a structured lifestyle intervention, identify-
ing two distinct phenotypes: “maintainers,” who sustain or 
further improve weight loss through significant behavioral 
changes, and “regainers,” who exhibit weight regain despite 
relatively favorable baseline habits. These findings highlight 
the importance of behavioral dynamics over static baseline 
characteristics and support the need for personalized, long-
term strategies combining lifestyle, pharmacological, and 
monitoring approaches to prevent weight regain.

On this basis, we propose that obesity management should 
be reframed according to three core principles. First, long-
term weight maintenance, not initial weight loss, should be 
established as the primary therapeutic target. Second, treat-
ment should follow a chronic care model, incorporating 
sustained behavioral support, long-term pharmacotherapy 
when indicated, and continuous monitoring. Third, risk 
stratification should move beyond traditional clinical vari-
ables to include behavioral trajectories and emerging bio-
logical markers, enabling precision-based interventions.

Future research must prioritize the identification of 
mechanistic phenotypes of weight regain through the inte-
gration of clinical, behavioral, and molecular data, includ-
ing genomics and epigenetics. There is also a critical need to 
evaluate scalable, real-world strategies, such as group-based 
interventions, digital monitoring tools, and adaptive phar-
macological regimens, that can support long-term weight 
stability in diverse populations.
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