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Why does body weight often increase
again after initial loss?
The role of metabolic adaptation

Dlaczego po schudnieciu masa ciata czesto ponownie wzrasta?
Znaczenie adaptacji metabolicznej
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Obesity, often referred to as the tsunami of the 21st century", is a chronic, incurable disease
prone to relapses. The crucial intervention aimed at reducing body weight for health bene-
fits is lifestyle modification, but unfortunately, in most cases after the initial period of weight
loss, a recurrence of overweight or obesity is observed. A similar process occurs in patients
after bariatric surgery. It should be understood that the reason for this phenomenon not nec-
essarily must be associated with the lack of the patient adherence, but is a consequence
of the activation of a strong objective mechanism — metabolic adaptation, i.e. changes
in energy homeostasis to counteract losing of energy. The article briefly describes the most
important mechanisms of metabolic adaptation and presents the ways to counteract them.
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* weight loss

* metabolic adaptation
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* weight regain

SLOWA KLUCZOWE: STRESZCZENIE

Otytos¢, okreslana czesto jako ,tsunami XXI” wieku to przewlekta, nieuleczalna choroba prze-
biegajgca ze sktonnoscig do nawrotéw. Podstawg postepowania majgcego na celu redukcije
masy ciata dla uzyskania korzysci zdrowotnych jest modyfikacja stylu zycia, jednak czesto po
poczatkowym okresie chudniecia obserwowany jest nawrét nadwagi lub otytosci. Podobny
proces ma miejsce po operacjach bariatrycznych. Nalezy mie¢ swiadomos¢, ze powodem
tego zjawiska niekoniecznie musi by¢ brak zaangazowania ze strony pacjenta, lecz wtgczenie
sie silnego obiektywnego mechanizmu — adaptacji metabolicznej, a wiec zmian homeostazy
energetycznej majgcych przeciwdziata¢ utracie energii. W artykule opisane sg w skrécie
najwazniejsze mechanizmy adaptacji metabolicznej oraz sposoby jej przeciwdziatania.

 otylos¢

» redukcja masy ciata

» adaptacja metaboliczna

* rébwnowaga energetyczna
* nawrét otytosci

initial success, already signaled in the definition is still a prob-
lem. In such cases the responsibility for this process are very

Introduction

Obesity is the most common chronic disease in the pres-
ent-day world, and it is a major contributor to morbidity, mortal-
ity and health care systems expense. Itis defined as a chronic,
multifactorial, incurable disease prone to relapse (1). Despite
the fact that significant progress in understanding of the etio-
pathology of this disease has been observed in recent de-
cades, and new methods of effective weight reduction were
worked out, the recurrence of overweight and obesity after

often placed on the patient. He is allegedly not consistent
enough in implementing recommendations, has insufficient
motivation or is even considered as a lazy and in the end
is "to blame for himself'. However, this approach is simpli-
fied and unjustified, because is based on the assume that
the regulation of energy balance and, as a result, body weight
are completely under our control. Now it is well known that
the commonly observed phenomenon of weight regain and
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obesity relapse after initially successful treatment is due to
powerful biological mechanisms called metabolic adaptation.

Regulation of the energy balance

Preserving of an appropriate energy balance is a prereqg-
uisite to maintain optimal metabolism. In short, energy
balance may be described as the difference between
the amount of energy absorbed with the consumed food,
and energy expended to maintain metabolic and physi-
ological functions as well as to support physical activity.
Energy is absorbed from food as a result of feeling hunger,
lack of satiety, and increased appetite. Sense of increased
hunger appears in hypothalamus. Neurons localized
in the arcuate nucleus sense signals from the peripheral
organs indicating the energy stores in the body. Through
distinct projections, arcuate nucleus neurons communicate
with second-order neurons, which are mostly localized
in the paraventricular nucleus and in the lateral hypothal-
amus. The signals are then proceed further to neurons
that generate complex responses aimed at maintaining
whole-body energy homeostasis. Among the most import-
ant transmitters of information from the peripheral body to
the regulatory centers are insulin, considered as the "sati-
ety hormone", and ghrelin — the most powerful orexigenic
hormone derived from the gastrointestinal tract, mainly
from stomach. Ghrelin secretion increases in energy defi-
ciency, and is called the "hunger hormone". Other important
factors that participate in energy balance regulation include
peptides of a gastrointestinal origin, e.g. glucagon-like poly-
peptide (GLP-1), cholecystokinin (CCK), peptide YY (PYY),
amylin or oxyntomodulin. Between hormones derived from
adipose tissue the most important is leptin — protein acting
in opposition to ghrelin, the second, next to insulin "satiety
hormone". Production of leptin increases with the expan-
sion of fat mass. Other hormones secreted from adipose
tissue include adiponectin and resistin. Orexigenic signals
increase the expression of neurons secreting neurotrans-
mitters responsible for feeling hunger — neuropeptide Y and
AGRP (agouti-related peptide) and inhibit the expression
of neurons that produce POMC (proopiomelanocortin) and
CART (cocaine- and amphetamine-regulated transcript).
Anti-orexigenic stimuli have an opposite effect, suppressing
hunger and increasing the feeling of satiety (2-4).

In addition to the regulation of feeling hunger/satiety
in the hypothalamus, the phenomenon of appetite, i.e.
the desire to eat a specific kind of food (e.g., sweets) not
due to replenish energy, but in order to feel pleasure (he-
donistic reaction), is considered to be of great importance
in the development of excessive body weight (5). The spe-
cific regions located in insular and limbic cortex are re-
sponsible for this mechanism. Dopamine and serotonin
have been recognized as neuromediators that participate
in this action (6).

As far as daily energy expenditure (EE) is concern it is
believed, that it consists of two major components, that de-
termine individual EE — resting energy expenditure (REE)
and non-resting energy expenditure (non-REE). The first
one, refers to the basal metabolic rate (BMR), defines
the energy that is necessary for the basic life processes,
such as breathing, brain activity, heart function, leisure time,
etc. It is a largest constituent of total daily EE, with an av-
erage contribution of 70% to total daily EE. The second
component can be further divided into three parts: physical

activity-related thermogenesis, non-food thermic effect
(NEAT), and food-related thermic effect, which includes
energy loss associated with eating, digesting, absorbing,
and metabolizing food. (TEF, thermic effect of food) (7).

Weight regain following initially
successful weight loss

Weight recurrence after initially effective calorie-restriction
even it is accompanied by pharmacotherapy therapy is com-
mon because obesity is a chronic and complex disease.

Although, a considerable increase in the utilization
of the overweight/obesity-decreasing medications, particu-
larly in GLP-1 receptor agonists has been observed the lack
of available data regarding their medium- to long-term effi-
ciency remains a salient concern. For example, in the one
study patients treated with the GLP-1 agonist semaglutide
for 68 weeks for obesity have lost 17% of their body weight.
But one year after treatment was discontinued they have
regained about 2/3 of the lost weight (8). In the other trial
that has included 428 patients with overweight or obesity
a weight regain of 6.5% (SD 7.4%) compared to the nadir
of weight loss after 2.5 to 5.5 years of pharmacotherapy
with FDA-approved and off-label medications has oc-
curred. However, weight regain was found in half of the pa-
tients (9). In the recently published analysis a rapid regain
of weight after cessation of therapy, regardless of the du-
ration of the treatment with GLP-1 receptor or GIP/GLP-1
receptors agonists has been shown. Authors concluded,
that this rebound has been likely to substantially mitigate
the metabolic benefits attained through weight loss. Then,
it may be essential for future research to focus on elucidat-
ing the optimal duration of these treatments or identifying
techniques or schemes that involve a reduction in dosages
to prevent weight regain (10).

Although this phenomenon is commonly observed after
calorie restriction as a element of lifestyle modification pro-
cedure and after cessation of pharmacotherapy it also fre-
quently occurs after bariatric surgery (11). The divergent
data reported on this topic result from the lack of the stan-
dard definition for successful weight loss maintenance and
weight regain. Probably the most commonly used definition
assuming that weight gain by 10% in relation to the nadir
of the decrease may be considered as weight regain. For
example, in a study of 300 patients who underwent gastric
bypass (RYGB), excessive weight regain, defined as 225
% of total lost weight, occurred in 37 % of participants (12).
A systematic review showed that 76% patients after sleeve
gastrectomy (SG) experienced a significant increase in body
weight over 6 years of follow-up (13). In a large study of 1406
subjects after RYGB surgery, the increase in body weight
compared to the nadir value was 5.7% after one year, 10.1%
after two years, 12.9% after three years, 14.2% after four
years, and 15% after five years. In this study, an increase
in body weight of at least 10% compared to nadir at the same
time intervals was observed in 23%, 51%, 64%, 69%, and
72% of the treated subjects, respectively (14). Thus, weight
regain occurs no matter how the weight loss is achieved,
by lifestyle changes including behavioral therapy, pharma-
cotherapy, or bariatric surgery. Many patients with weight
recurrence feel frustrated and embarrassed and may ex-
perience recurrence of cardiometabolic disorders and
other complications of obesity that they had suffer before
treatment.
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Now it is well known that the diminishing of body weight
may be associated with significantly reduced energy ex-
penditure as a result of changes in energy homeostasis,
referred to as metabolic adaptation. In patients treated sur-
gically changes in the anatomy of the gastrointestinal tract
should be considered as additional factor contributing to
weight gain.

Metabolic adaptation

The term metabolic adaptation refers to the phenomenon
of a decrease in resting energy expenditure (REE) that
is greater than would be naturally expected due to a de-
crease in fat free mass (FFM) and fat mass (FM) (15).
As it was mentioned above, metabolic adaptation is fre-
quently observed in obese individuals advised to reduce
weight with the implementation of lifestyle modification
program (16), as well as in patients using other treatment
methods (17, 18). The conservation of energy ("hibernation
mode") in response to weight loss (somehow in accordance
with the "thrifty genotype" hypothesis) has significant clinical
consequences. The severity of metabolic changes depends
on the degree of energy deficit and significantly contributes
to the effects of therapy.

Based on the results of many observations, a model
describing changes in the energy balance during the in-
tervention causing calorie restriction has been developed.
According to this model in the first phase, immediately after
beginning of calorie restrictions, the amount of energy ex-
pended exceeds the amount of the energy absorbed, hence
the balance is negative and body weight is going down.
During this time patients usually agreeably follow dietary
recommendations. In the second phase, which usually be-
gins after 3-6 months, the amount of energy expended is
further reducing, although slowly, adequately to the decreas-
ing body weight. This is a period of relative energy balance
(energy absorbed is equal to energy loss). In the third phase,
which begins after about 12 months, energy expenditure
begins to decrease to a lesser extent than it would result
from weight reduction. The energy balance becomes rela-
tively positive, metabolic adaptation develops, and patients
hardly adherence to recommendations referred to nutrition
and physical activity. It has been shown, that metabolic
adaptation measured in rest in calorie restriction studies,
induced by low calorie diet or bariatric surgery ranges from
3% to 20% depending on the kind of a weight loss inter-
vention (19). Interestingly, metabolic adaptation evaluated
by resting metabolic rate was reduced more by traditional
calorie restriction procedures, then by alternate day fasting
(meals every other day), despite similar reduction in energy
acquired and a comparable decrease in fat free mass and
fat mass (20, 21).

Several mechanisms responsible for the metabolic ad-
aptation are considered. Lifestyle modification with calorie
restrictions, aimed at achieving a negative energy balance
leads to significant changes in neurohormonal regulation
of appetite. "Energy-exhausted" adipocytes produce less
leptin, the most important anti-orexigenic hormone. The se-
cretion of ghrelin — a potent factor responsible for sense
of hunger increases. Moreover, secretion of other hormones
in the gastrointestinal tract involved in hunger and sati-
ety regulation changes significantly: e.g., levels of GLP-1
increases, while levels of gastric inhibitory polypeptide
(GIP), peptide YY (PYY), cholecystokinin (CCK) or amylin
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decreases. Reduced secretion of thyroid stimulating hor-
mone (TSH) in the pituitary gland results in lower triiodo-
thyronine and thyroxine production, and in consequence,
serum levels of the thyroid hormones. As far as autonomic
nervous system is concerned decrease in sympathetic tone
and increase in parasympathetic tone is observed. Changes
in secretion of main hormones that participate in energy
homeostasis regulation are shown in Table 1.

Table 1. Effect of weight loss on secretion of hormones
involved in energy homeostasis regulation.

Hormone Change Clinical relevance

Ghrelin increase increased hunger

PP increase increased hunger
Leptin decrease anti-orexigenic effect
GLP-1 decrease increased hunger
PYY decrease increased hunger
CCK decrease increased hunger
Amylin decrease increased hunger
TSH decrease decrease of T3, T4

PP — pancreatic polypeptide; GLP-1 — glucagon-like peptide 1;
PYY — peptide YY3-36; CCK — cholecystokinin; TSH — thyroid stimulating
hormone (22, 23)

Mentioned above mechanisms lead to meaningful
changes in absorption of the energy. Individuals consumed
a calorie-restricted diet over time begin to feel less sati-
ated. Resistance to stimuli encouraging to eat decreases.
The perception of the amount of food to consumption
changes — the portion of meal seems to be smaller than it
actually is. Additionally, a decrease in the amount of energy
expenditure both at rest and activity is observed. It is as-
sociated with lower physical activity as well as with higher
skeletal muscles work efficiency. This increase in muscles
efficiency occurs as a result of profound changes in their
structure: the predominance of myosin heavy chains type
I (MHC I) over type Il (MHC Il) and a decrease in the effi-
ciency of the sarco-endoplasmic calcium reticulum (SERCA)
responsible for the transport of calcium ions from the cytosol
to the sarcoplasmic reticulum after muscle contraction (24).
As a result of the described changes in the regulation of en-
ergy homeostasis, daily energy expenditure decreases by
300-400 kcal (25).

The loss of fat free mass which in 50% consists of skele-
tal muscles leads to condition called sarcopenia (the Greek
sarx, "flesh" and peni a "poverty"). Sarcopenia contrib-
utes negatively to energy homeostasis regulation by directly
reducing resting energy expenditure as skeletal muscles
create a metabolically active tissue, and indirectly by de-
creasing non-exercise activity thermogenesis and overall
physical activity. This reduced total energy expenditure,
coupled with potential fat mass increase, shifts the energy
balance towards a positive balance, promoting fat storage
and afresh increasing the risk of obesity and related meta-
bolic diseases (26, 27).



WIEDZA MEDYCZNA Vol 7 No 1 (2025)

Management of the metabolic adaptation

It is believed that the best way to counteract the effects of met-
abolic adaptation is to keep or even increase physical activity,
along with consistent follow dietary recommendations. Such
procedure may help to maintain a favorable protein balance
(less protein oxidation relative to intake) and slow down loss
of fat free mass (28). Prolonged caloric restriction induces
muscle proteolysis rather than inhibiting muscle protein syn-
thesis. Taking into account unfavorable effects of sarcope-
nia, protein consumption beyond the levels recommended
for healthy individuals is a crucial approach for diminishing
fat free mass loss during weight loss. Adequate protein in-
take varies widely across guidelines, ranging from 0.8 g/kg
body weight per day for healthy individuals to 1.2-1.5 g/kg
for elderly. Nonetheless, recently published studies indicate
that overweight/obesity patients who consume higher pro-
tein diets (1.3 g/kg per day) during weight loss retain more
muscle mass compared to those without enhanced protein
intake (29). Although, some studies suggest that high protein
intake (1.2 g/kg per day) during weight loss may attenuate
improvements in insulin sensitivity (30) and may counteract
the positive effects of exercise on glucose homeostasis (31).

Regular training program for increases in muscle mass
and strength is of vital importance. Age, gender, genetic
predisposition, prior training status, and general health are
the factors that influence the optimal load. Two times/week
training may be best for increasing muscle size, strength,
ease of locomotion, and non-food thermic effect. It is im-
portant particularly in older adults (32).

Moreover, according to the position of the Polish Society
for the Treatment of Obesity (PTLO), "pharmacotherapy
is a method of obesity treatment in patients in whom di-
etary and behavioral management has not resulted in sig-
nificant weight reduction and therapeutic goals have not
been achieved" (33). Thus, although the basis for optimiz-
ing health, including body weight, is lifestyle modification,
in many cases start with weight reducing drugs may be
necessary. Medications approved (by Food and Drug Admin-
istration or European Medicines Agency) for treatment have
also shown effectiveness in cases of not successful weight
loss or weight recurrence after bariatric surgery. In such
cases, GLP-1 or GLP-1/GIP receptors agonists seem to
be the most effective in comparison with other anti-obesity
drugs (34, 35). However, combine pharmacologic therapy
in some patients may be also necessary (36).

Interestingly, there are increasing evidence of the role
of gut microbiota in the regulation of host appetite and feed-
ing behavior. Gut bacteria-derived proteins interact with
host satiety signaling via stimulating the release of intestinal
hormones such as GLP-1 and PYY, and may also activate
anorexigenic pathways in hypothalamic and brainstem nu-
clei. Hence, the use of probiotics to achieve anti-obesity
effects has been proposed. For example, it has been shown,
that a 12-week treatment with the probiotic strain Hafnia
alvei significantly improves weight loss, feeling of fullness
and reduction of hip circumference in overweight subjects
following moderate hypocaloric diet (37). These data sug-
gest, that the use of probiotics in the global management
of excess weight could be reasonable.

Decline in muscle mass associated with body weight
reduction negatively affects metabolism regulation. The gut
microbiota is a new found important contributor involved
in the onset of obesity and related disorders. It was recently
demonstrated in a 12-week, double-blind, placebo-controlled

clinical trial involving 100 individuals aged 60 and above, that
oral administration of pasteurized postbiotic Akkermansia
muciniphila could mitigate muscle wasting, can enhance
muscle strength and functionality, even in elderly individ-
uals (38). These outcomes suggest that postbiotics like
A. muciniphila may be probably a valuable intervention for
enhancing muscle performance and then counteracting met-
abolic adaptation.

Conclusion

Weight regain after lifestyle modification as well as after
implementation other methods of obesity treatment, includ-
ing bariatric surgery is often a reason for disappointment
and frustration in patients. Moreover, it may be associated
with recurrence of obesity-associated metabolic changes
and diseases. In such situations, patients are often given
generalized lifestyle recommendations that were ineffec-
tive prior to treatment. This is due to the lack of knowledge
of the strong biological mechanisms responsible for the re-
currence of obesity, referred to as metabolic adaptation,
and about the ways to counteract it. Given the complex
etiopathology of obesity, in real-world practice lifestyle mod-
ification albeit necessary is alone rarely sufficiently effective,
and most often pharmacological treatment is also required.
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