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Abstract

Background Weight re-gain (which is also known as re-obesity) is an overwhelming challenge many dieters face

in their pursuit to maintain consistent results following successful weight loss. This frustrating pattern of weight
cycling can have various mental and physical implications, which further puts another roadblock in any weight reduc-
tion program.

Main body of the abstract A comprehensive analysis of the causes behind the phenomenon of re-obesity has been
widely conducted in literature, exploring the importance of creating the right mindset for weight loss maintenance
and identifying the hormonal role, specifically of insulin—leptin resistance and ghrelin enhanced affinity, on appetite
and food intake regulation. Insulin-Leptin resistance, due to circulating prostaglandins and prostaglandin metabo-
lites, along with a decline in leptin-producing adipocytes following body mass reduction, cuts off leptin’s satiety
signals to the brain. The persistence of this hormonal dysregulation after weight loss is collectively called obesogenic
memory, and it seems to be largely mediated by dysbiosis.

Short conclusion In conclusion, understanding of the influence of hormonal dysbiosis on re-obesity is fundamen-
tal in targeting the culprits behind ineffective attempts at weight loss sustenance, optimization of diet duration,
use of synbiotics. Fecal and oral microbial transplantation hold high potential in improving long-term management
interventions in obesity patients.
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Background

Obesity has undoubtedly evolved into an alarmingly crit-
ical modern epidemic, with over 1.9 billion overweight
adults across the globe, 650 million of which are classified
as obese. Concomitantly, more people are attempting to
lose weight, with a little over 40% globally seeking weight
reduction strategies that range from diet moderation and
exercise to more invasive procedures (Santos et al. 2016).

Long-term sustenance, however, is an obstacle that
many face. Coupled with a healthy balanced diet and reg-
ular physical activity, intrinsic motivation and discipline
are integral principles in long-term weight loss mainte-
nance. Nonetheless, weight regain subsequent to loss is
a multifactorial phenomenon, with multiple genetic, bio-
logical, developmental, environmental, and psychosocial
influences intertwining together, making its management
not only complex but also time-consuming (Hall and
Kahan 2018).

Several studies have documented the numerous obsta-
cles that obese individuals face throughout their weight-
loss journey, but the burden of sustaining lost weight and
avoiding relapse is a particularly challenging aspect (Hall
and Kahan 2018).

Even patients undergoing bariatric surgeries strug-
gle with keeping lost weight off, as evidenced in a study
by Tolvanen et al. In this study weight regain following
gastric bypass was observed in 36% of study participants.
Surgical failure and weight regain were among the sig-
nificant findings that were found to be higher among the
super-obese group of patients (El Ansari and Elhag 2021;
Tolvanen et al. 2022a).

Futile attempts to keep the weight off can have great
implications on an individual’s mental health. After put-
ting in tremendous effort in creating dietary and life-
style modification, it is unsurprising that many patients
struggle when their weight loss is followed by a plateau,
or even worse, some gain. Unmet expectations after tak-
ing minor or major measures to control weight can leave
individuals hopeless and unmotivated, eventually draw-
ing them back to their previous habits. (Freire et al. 2021;
Hall and Kahan 2018; Tolvanen et al. 2022b).

Physiologically, it has been evidenced that the obesity-
induced chronic state of low-grade inflammation causes
mild up-regulation of cytokines, chemokines, and acute
phase reactants, although it is yet to be known whether
these changes are reversed following weight loss or not
(Baak and Mariman 2019; Chait and Hartigh 2020). These
inflammatory changes lead to adipose tissue dysfunction
and are largely orchestrated by oral and intestinal dys-
biosis. The persistence of this low-grade inflammation
and adipose tissue dysfunction even after weight loss
is termed obesogenic memory. The aim of this review
is to explore the persistence of dysbiosis and its role in
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mediating obesogenic memory at the hormonal level
(Anastasiou et al. 2015).

Main text

Overview on hormonal theories for re-obesity: is weight
regain only an issue of mindset?

Weight re-gain is without a doubt credited to the need of
inspiration and self -control of the patients. On the other
hand, it is well known that body weight and fat mass are
controlled by various physiological instruments, distant
past intentional nourishment admission and physical
work out (Rubino et al. 2020).

Multiple theories and hypotheses were suggested sur-
rounding the idea of the mechanism of re-obesity in
hopes of restricting the relapse percentage of patients
who had lost weight. The most accepted theory for
weight re-gain is the “mindset”. Behavioral and psycho-
logical factors like increased physical activity, dietary
intake monitoring, and body weight are essential behav-
ioral strategy, and the more the patient is consistent in
adhering to self-monitoring the greater the initial weight
loss is, as well as its maintenance (Burke et al. 2011).

Unfortunately, by time this consistency regresses,
resulting in weight re-gain. Dietary lapses can be due
to multiple psychological and environmental factors of
which it is more likely to occur at home, on weekends,
or at gatherings. In addition, emotional status including
sadness, loneliness, boredom, or irritation are important
factors (Forman et al. 2017).

Other characteristics dictating weight re-gain may
include binge eating, emotional eating during sad or
stressful times, and more advanced cases of depressive
symptoms (Martins et al. 2020).

However, attributing re-obesity to the sole concept
of “mindset’, is not correct. Re-obesity is mediated by
multiple neuro-hormonal mechanisms, of which we
will mainly discuss the role of Insulin, Leptin and Ghre-
lin. The persistence of the characteristic signatures of
these hormones after weight loss is termed obesogenic
memory.

The regulation of body weight is a complex system
that involves numerous biochemical and physiological
processes, including the regulation of appetite, energy
expenditure, and metabolism. This system is influenced
by a variety of factors, such as genetics, environment, and
lifestyle, making it challenging to control and maintain a
healthy weight. Three main hormones seem to regulate
food intake and body weight; Ghrelin which is produced
in the stomach that stimulates appetite and plays a role
in regulating body weight; leptin is a hormone produced
by fat cells that helps to regulate energy balance and
decrease appetite; and insulin, a hormone produced by
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the pancreas that regulates blood sugar levels and plays a
key role in metabolism (MacLean et al. 2011).

Leptin functions as a mediator of long-term regulation
of energy balance, as well as suppressing food intake; the
result of which is the induction weight loss. However,
Ghrelin supports meal initiation, and is a fast acting hor-
mone (Martins et al. 2020).

Insulin and leptin resistance persistence after weight loss,

a key to re-obesity

The hormonal changes that occur after weight reduction
have a tendency to be oversimplified in literature. For
instance, it had been claimed that following weight loss,
insulin resistance would almost completely resolve, but
this does not account for why obesity recurs.

Residual insulin resistance after weight loss After
achieving successful weight loss, Blaszczak and colleagues
looked into whether or not insulin resistance and adipose
tissue inflammation persisted. They discovered that losing
weight caused an alteration in the expression of inflam-
matory markers, Leptin, Tumor Necrosis factor (TNF),
and Interleukin 1-beta (IL-1b). These markers rose with
weight reduction, while adiponectin dropped. These criti-
cal adipokines did not return to normal, and it is prob-
able that this is what causes any remaining inflamma-
tion. Expression of fatty acid metabolism genes revealed
decreased lipid synthesis and storage of Acetyl- CoA
carboxylase 2 (Acc2) and increased fatty acid utilization
of Carnitine Palmitoyltransferase 1B (Cpt1B), Adenosine
triphosphate synthase subunit alpha (Atp5al), Cyclooxy-
genase 5a (Cox5a), which may be a trial to suppress the
increased dietary intake of fatty acids. These processes
might result in higher circulating lipids, a recognized fac-
tor in insulin resistance, and were only partially reduced
by weight loss (Blaszczak et al. 2020).

Persistence of leptin resistance after weight loss After
losing weight, leptin levels noticeably decrease and lep-
tin-sensitive states return, according to the literature. It
is correct that the loss of adipose tissue mediates loss of
leptin with a consequent rise in hunger however, there is
research suggesting that re-obesity is a combined action
of low leptin levels and chronic leptin resistance, and not
only the effect of leptin loss.

The long-lasting alterations in prostaglandin in adipose tis-
sue are related to the persistent leptin resistance Prosta-
glandin signaling was linked to obesity in human research,
with many studies demonstrating a very significant cor-
relation between the levels of orexigenic neuropeptides,
as well as the expression of the prostaglandin D synthesiz-
ing enzyme (PTGDS) found in cerebrospinal fluid (CSF).
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Additionally, it was found that both the visceral adipose
tissue and subcutaneous adipose tissue mass had posi-
tive and negative correlations with PTGDS levels in CSF,
respectively. In a study by Hernandez-Carretero et al.,
adipose tissue samples from humans were obtained from
lean and obese patients and was analyzed using expres-
sion databases. They discovered that the levels of Hemat-
opoietic Prostaglandin D synthase (HPGDS) were higher
in obese individuals, and these levels did not fall following
weight reduction. Furthermore, weight reduction induced
by gastric bypass procedure gastric did not lower circulat-
ing prostaglandin D2 (PGD2) levels, which were actually
increased relative to the lean reference range (Hernandez-
Carretero et al. 2018).

Another paper by Hosoi et al. demonstrated the impor-
tant role of 15 deoxy delta 12—14 prostaglandin J2 (15d-
PGJ2), a metabolite of PGD2 which controls important
immunity-related functions, in the development of lep-
tin resistance. They showed that leptin-induced Signal
Transducer and Activator of Transcription 3 (STAT3)
activation and leptin-induced anorexia were both sup-
pressed by 15d-PGJ2 (Hosoi et al. 2015).

The CSF contains 15d-PGJ2, and it has been demon-
strated that brain inflammation brought on by bacterial
endotoxins increases the expression of 15d-PGJ2. Lep-
tin resistance may be facilitated by persistent inflam-
mation. Consequently, a rise in 15d-PGJ2 levels in the
brain might be a factor for the development of leptin
resistance. Microglia cells have been shown to produce
more 15d-PGJ2 under inflammatory circumstances.
Since the hypothalamus of obese people exhibits chronic
inflammation, microglia may stimulate the synthesis of
15d-PG]J2, which might therefore play a role in the pro-
gression to leptin resistance (Hosoi et al. 2015; Li et al.
2019).

Ghrelin enhanced hypothalamic response by obesogenic
memory

There is conflicting evidence in the literature regarding
ghrelin’s contribution to re-obesity. Almost no research
has indicated or concluded that higher ghrelin levels at
any time point during weight loss could be a predictor for
more difficulties with the feat of weight loss maintenance.
This is despite the fact that it is well known that surplus
energy suppresses ghrelin and would therefore decreases
the appetite (Strohacker et al. 2014).

It appears that reduced calorie intake has no effect on
the obesogenic memory mediated by Cluster of differ-
entiation 4 (CD4) cells. Instead of higher ghrelin levels
following weight loss, this can be explained by ghrelin’s
enhanced tissue actions. Mammalian target of rapamy-
cin (mTOR), a hypothalamic receptor that mediates the
orexigenic (appetite-stimulating) impact of ghrelin, was
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found to be increased by persistent low-grade inflamma-
tion during weight loss (Martins 2012).

Role of microbiota in residual hormonal changes

after weight loss, indirect evidence from prebiotic

and probiotic therapy

Harmful microbiota persist after weight loss and is part

of the obesogenic memory

It is presently widely known that obesity has a significant
impact on the intestinal and oral microbiota. The most
frequent discovery of the gut microbiota is a decrease
in butyrate-producing microorganisms, and families
such as Rikenellaceae Christensenellaceae Bifidobacte-
rium, Oscillospira, and Akkermansia. On the other hand,
obesity has also been linked to an increase in other gut
microbiota groups, including the Prevotellaceae, Corio-
bacteraceae, Erysipelotrichaceae, and Alcaligenaceae.
Moreover, individuals with greater BMI have consistently
been linked to increased abundance of the Roseburia
genus. This species is able to hydrolyze and ferment poly-
saccharides into Short Chain Fatty Acids (SCFA), which
increases the amount of energy obtained from the food.
Another species, Eubacterium dolichum, has been posi-
tively linked to visceral fat mass as an indicator of obesity
(Asma et al. 2021).

Intestinal microbiomes in obese mice were compared
both before and after weight loss in a study by Thaiss and
colleagues. Gut microbiota’s composition had developed
a dysbiotic condition throughout the early stages of obe-
sity (Thaiss et al. 2016).

Instead of clearly demonstrating particular changes in
distinct species, this study largely indicated persistent
reduction of alpha diversity and sustained reduction in
apigenin synthesis by gut microbiota. These findings
signified long-lasting alterations of dysbiosis following
weight loss (Thaiss et al. 2016).

As a result, the nature of the intestinal microbiota,
which had developed a dysbiotic state during the main
obesity phase, did not shift back to previous composition,
even after post-diet weight and metabolic normalization
(Mervish et al. 2019; Palleja et al. 2016; Thaiss et al. 2016).

Oral and gut microbiota and low-grade inflammation

The presence of a low-grade type of inflammation is a
known indicator of weight problems and Type 2 diabetes.
Production of pro-inflammatory cytokines are coordi-
nated via the Toll-like receptors (TLRs) and the regula-
tor of inflammatory cascades the nuclear factor kappa B
(NF-kB). These pathways were proven to be activated
through the manufacturing of lipopolysaccharides (LPS)
which are the main element of the outer membrane
of Gram-negative bacteria which is produced inside
the gut. Higher LPS ranges were related to elevated fat
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intake seen in overweight mice models. It has been pro-
posed that nutritional fats mediated the absorption of
LPS linking them to weight problems. In fact, it has been
tested that including LPS to normal-food plan prompted
insulin-resistance and result in weight gain. It has been
additionally proven that LPS binds to Toll-like receptor
(TLR4) on macrophages and lead to the release of inflam-
matory markers thus impairing the B-cells of the pan-
creas by suppressing insulin secretion and reducing gene
expression of Pancreatic and Duodenal Homeobox 1
(PDX1) (Baothman et al. 2016).

Insulin resistance mediated by oral and gut microbiota
Dietary fats have been found to be correlated to the
increased absorption of LPS, which has been associated
with changes in gut microbiota, such as a reduction in
Bifidobacteria, Eubacterium rectale as well as Clostrid-
ium coccoides groups (Caricilli and Saad 2013).

It is possible that other bacterial factors may be contrib-
uting to the emergence of insulin resistance. Like TLRs,
the peptidoglycan (PGN) moieties of the bacterial cell
wall that are known to trigger stress and inflammatory
pathways are sensed by the nucleotide oligomerization
domain (NOD)-1 and -2 proteins, which are intracellu-
larly located pattern recognition receptors. Gram-neg-
ative bacteria have PGN structures that are detected by
NOD1, whereas gram-positive bacteria often have PGN
segments that are detected by NOD2. Recent research
has linked bacterial patterns that activate NODI1 and
NOD2 to insulin resistance. Inflammatory processes are
activated when adipocytes are given PGN-based NOD1
activator, which decreases insulin-stimulated uptake
of glucose and impairs insulin signaling. Similar to this,
PGN motifs that affect NOD2 cause insulin resistance in
muscle cells on their own. Mice can develop acute sys-
temic insulin resistance as a result of NOD1-activating
bacterial PGN motifs (Caricilli and Saad 2013).

This NOD1 activation reduced insulin-mediated glu-
cose absorption in adipocytes and deactivated insulin
within the liver and isolated hepatocytes. Therefore, it
appears that cells from mostly from adipose and hepatic
tissue, communicate with one another to cause insulin
resistance that indirectly affects skeletal muscle (Caricilli
and Saad 2013).

Given that NOD1 transcript levels were found elevated
in epididymal adipose tissue of the mice that were given
a HFD, it is plausible that several levels of regulation for
NODI1-mediated sensing of PGN happen in a state of
obesity. The extent to which these NOD1 ligands, which
may be produced from the gut microbiota, contribute to
the onset of insulin resistance and whether or not they
are altered during obesity, has yet to be determined (Car-
icilli and Saad 2013).
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Amar and colleagues have demonstrated that bacte-
rial translocation happens within the adipose tissue and
circulation where inflammation is generated after just
a week following the ingestion of a HFD. It was shown
that mice with a deficiency of recognition receptors
NOD1 or CD14 are unable to undergo this translocation.
This indicates that these receptors play significant roles
in the emergence of the low-grade inflammatory state
that underlies the state of insulin resistance (Klopp et al.
2011).

A study was done using antibiotics to modify the gut
microbiota to observe its effect on insulin signaling in
HFD fed mice. The treatment decreased the number of
Bacteroidetes and Firmicutes. Also reduced was the over-
all bacterial count and circulating levels of LPS. This in
turn was shown to reduce fasting insulin, TNF-a and
IL-6. This further emphasizes the role of inflammation in
diabetes, and thus the role of microbiota in modulating
glucose levels (Carvalho et al. 2012; Sharma and Tripathi
2019; Blasco-Baque et al. 2016).

A study done on the effects of intermittent fasting on
weight loss and metabolic disease has shown that there
is an association between intermittent fasting and a
decrease in serum glucose and insulin. The same study
has shown that intermittent fasting has a major effect
on the gut microbiome by increasing the Firmicutes:
Bacteroides ratio. This was linked to an improvement in
metabolic syndrome. This was not the case, however, in
microbiota depleted mice, where intermittent fasting was
not shown to improve obesity or liver steatosis in them.
This further strengthens the connection between gut
microbiota and insulin sensitivity (Stockman et al. 2018).

Last but not least, one study has shown that insulin
clearance during diet-induced obesity is controlled by gut
microorganisms. One of the ways of preventing defects
in insulin clearance and hyperinsulinemia as obesity and
type 2 diabetes advance is by targeting a small cluster of
microbiota or their metabolites (Foley et al. 2020).

Oral microbiota also has a clear effect on insulin sen-
sitivity and glucose levels. This was evidenced by a trial
involving a specific animal model with induced periodon-
titis. The periodontitis in turn caused an oral microbiota
dysbiosis without involving the gut microbiota. This was
found to impair glucose metabolism and induced a sys-
temic immune response, with the end result of enhancing
insulin resistance in these animal models when compared
to the healthy controls (Schertzer and Lam 2020). This
was also evidenced by a trial involving a specific animal
model with induced periodontitis by the organisms Por-
phyromonas gingivalis (Pg), Fusobacterium nucleatum (£
nucleatum) as well as Prevotella intermedia (P interme-
dia). This in turn resulted in an oral microbiota dysbio-
sis without involving the gut microbiota. This was found
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to impair glucose metabolism and induce a systemic
immune response, therefore enhancing the insulin resist-
ance in these animal models compared to healthy con-
trols (Blasco-Baque et al. 2016).

Oral and gut microbiota and leptin signaling

Serum leptin levels, as well as the composition of gut
microbiota, were evaluated in rat groups under different
diets and exercise programs. A positive correlation was
established between the quantity of gut microbiota spe-
cies including Bifidobacterium and Lactobacillus species,
and the levels of serum leptin among all groups. A nega-
tive correlation was found however, between the quantity
of Prevotella, Clostridium, and Bacteroides, as well as
and serum leptin levels in all rat groups (Amabebe et al.
2020; Queipo-ortun et al. 2013).

Regarding Leptin, evidence tested the effect of using
probiotic bacteria in restoring the responsiveness of lep-
tin, for example Lactobacillus rhamnosus GG (LGG),
Bifidobacterium longum PI10 (B. longum PI10), and mix-
tures composed of a strain of B. animalis subsp. lactis
and a strain of L. gasseri (Cheng and Liu 2020).

Leptin resistance prohibits the administration of exog-
enous leptin from stimulating weight reduction. The
effect of LGG administration on leptin resistance was
assessed utilizing an acute method in a study by Cheng
and Liu. After receiving leptin intraperitoneally for three
days, the mice’s body weight changes were assessed. The
mice’s food intake did not vary across the groups during
the course of the 3 days of exogenous leptin treatment
(Cheng and Liu 2020).

Another in vitro screening method was helpful in iden-
tifying at least one high-potential strain, Bifidobacterium
longum PI10. B. longum PI10 is a single strain with the
capacity to significantly affect obesity, and a high-poten-
tial combination made up of a single strain, as well as a
high-potential mixture composed of a strain of L. gasseri
and B. animalis subsp. lactis. These possible probiotic
therapies might work via improving leptin resistance and
fasting glycemia (Alard et al. 2021).

Another study looked at how the expression of leptin
in the body, as well as body weight were affected by gut
microbiota among different types of nutritional diets
(Yao et al. 2020).

Differences between CV and GF mice fed normal or
high fat diet were documented regarding expression of
leptin, leptin receptor (Lep-R) and body weight change.
They showed an increased messenger Ribonucleic acid
(mRNA) expression of leptin gene in the adipose tissue of
GF feeding on a NFD and subsequently increased plasma
leptin levels in comparison to CV mice (Yao et al. 2020).

A study observed the effect of prebiotics on gut micro-
biota and leptin sensitivity modulation in genetic obese
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(ob/ob) and diet induced leptin resistant mice that were
being feed a high fat (HF) diet. Quantitative PCR analysis
revealed a significant shift in the gut microbiota profile
in prebiotic treated obese mice. An observed increase
was seen with the Bifidobacterium spp. And the Eubac-
terium rectale (E. rectale)/Clostridium Coccoides (C. coc-
coides) group, decrease in Firmicutes and Roseburia spp.
No effect was observed on the Bacteroidetes, Lactobacil-
lus spp., and the Bacteroides-Prevotella groups. These
changes were associated with improved glucose toler-
ance and leptin sensitivity, reduced fat mass and body
weight. An increase in muscle mass was also observed.
Leptin was then administered to mice fed with HF diet
and prebiotics (HF-pre) and the control group fed only
HF diet. This caused a greater decrease in body weight
and food intake in HF-pre in comparison to mice feeding
a HF diet. To conclude, gut microbiota changes by prebi-
otic intake affects energy homeostasis in genetic obese
mice and diet-induced leptin-resistant mice, and this the
result of improving leptin sensitivity. (Everard et al. 2011;
Zhang et al. 2018).

According to literature, individuals with severe peri-
odontitis had significantly higher levels of C-reactive pro-
tein (CRP) and IgG against P gingivalis. Lower plasma
adiponectin levels were found in them, however, without
any relation to their weight status. Additionally, without
the influence of severe periodontitis, people with over-
weight or obese BMIs had greater plasma levels of inter-
cellular adhesion molecule-1 [ICAM-1], CRP, and leptin,
but lower levels of adiponectin, than those with normal
weight (Thanakun and Izumi 2016).

Role of microbiota in modulation of ghrelin

The hormone ghrelin is composed of 28 amino acids and
is produced peripherally in gastric X/A-like cells. It plays
an important and primary role in the gut brain axis by
stimulating food intake centrally; this occurs within the
via hypothalamic nuclei. This results in the establishment
of an orexigenic communication between these central
food intake-regulating centers and the gut. Addition-
ally, the gut microbiome is a further element of the gut-
brain axis that has attracted attention of much research
in recent years due to its capacity to affect central signal-
ing via metabolites (Schalla and Stengel 2020; Schalla and
Stengel 2020).

Evidence ascertains the detrimental impact of certain
bacteria on gut hormones. Vila et al. suggested the role
of gram-negative bacteria in implementing biphasic
changes in ghrelin levels by administering Lipopoly-
saccharides (LPS). This situates ghrelin centrally in the
chronic inflammation cultivated by gut colonization by
gram-negative bacteria by providing adequate nutrients
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to alter the quantity and efficiency of cytokines (Vila
et al. 2007). Similarly, Esteve et al. (2011) described the
comparable effect of a high-lipid diet to LPS by increas-
ing enteric permeability thereby initiating similar
endotoxemia.

After the excessive intake of sugars and starches, these
sugars and starches are then transformed into short
chain fatty acids (SCFAs). These SCFAs work as secreta-
gogues for Peptide YY (PYY) and Glucagon-like peptide
1 (GLP-I) release (Heiman and Greenway 2016).

This speculates the exhaustive potential of SCFAs as
an energy source on ghrelin producing cells. This leads
us to suspect the role bariatric procedures associated
with the accumulation of preexposure SCFAs vis a vis
accruing complex indigestible carbohydrates as a con-
tributor of re-obesity (Queipo-ortun et al. 2013).

On another note, Schalla & Stengel demonstrated
the role of Lactobacillus in body weight reduction by
extrapolating the negative action Lactogen has on ghre-
lin mRNA. The liability of Lactobacillus alteration can
thus be insinuated as a factor in re-obesity after bariat-
ric procedures. (Queipo-ortun et al. 2013; Leeuwendaal
etal. 2021).

Prebiotics are non-digestible dietary components,
that are mostly polysaccharides which have the ability
to selectively stimulate the development and/or activ-
ity of microbiota. This particularly includes lactobacilli
and bifidobacterial, and results in beneficial effects on
the host’s energy balance. They alter the microbiota to
restore and/or sustain eubiosis or normobiosis, which
in turn reduces the risk of dysbiosis and related gut and
systemic illnesses. The majority of fermentable dietary
fibers, especially the non-digestible oligosaccharides
such as resistant starch, galacto-oligosaccharides, and
fructo-oligosaccharides (e.g., inulin), which are present
in many foods, have demonstrated the ability to cause
changes within the gut flora. They also boost GLP-1
and PYY levels and lower ghrelin release, which leads
to increased satiety and decreased appetite. In the large
intestine, prebiotics are processed by bacteria into met-
abolically active SCFA. The SCFA, which includes ace-
tate, propionate, and butyrate, is thought to mediate, at
least in part, the anti-obesogenic actions of prebiotics
(Amabebe et al. 2020; Nogueira et al. 2022).

While the relationship of microbiota to ghrelin and
other orexigenic hormones is definite, the mediators
of this relationship remain elusive. Ghrelin affinity in
the hypothallus is increased, as mentioned earlier by
the mammalian target of rapamycin (mTOR). Interest-
ingly, there is increasing evidence that mTOR signaling
is modified by dysbiosis which can explain the putative
effects of dysbiosis on orexigenic stimuli.
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Therapeutic implications and promising therapies

to prevent re-obesity

Duration of dieting to abolish obesogenic memory

Leeming et al. discusses the present understanding of
the length of time needed for a dietary intervention to
affect the gut microbiome. A beneficial effect on gut
bacteria can be determined as significant if it results
in a new state of balance or homeostasis within the gut
flora (Leeming et al. 2019).

Short versus long term dietary exposure

Short term dietary exposure and the gut microbiome A
longitudinal study, conducted by David et al., involved
the daily investigation of the gut microbiota among two
human individuals across the duration of one year. They
noticed that the changes in fiber intake were positively
correlated with an abundance change in 15% of the
microbial community; this change was observed the fol-
lowing day. However, regarding the duration needed of
any intervention to results in complete and total change
in the core microbial profile is still not determined.
Among humans, the response to dietary intervention
can result in rapid transitory changes among the gut
microbiota in as early as the first 24 h period (David
et al. 2014).

Long-term dietary exposure and the gut microbi-
ome (Long-term studies that are predominantly epi-
demiological and over a longer period (36 months).

Long-term diet—microbiome relationships is assessed
through epidemiological studies that rely on capturing
a persons’ typical diet using questionnaires like food
frequency questionnaires (FFQs).

Evidence suggests the effect of habitual diet in the
formation of the microbial community. Studies suggest
that gut microbiota is altered by certain diets, espe-
cially the types of diets that contain substrates that pro-
vide a competitive environment for the gut microbiota
(Leeming et al. 2019).

For example, after a 2-year study, it was found that
consumption of either a Mediterranean diet or a low-fat
diet helped to partially restore the loss of key bacterial
groups in all 33 participants with obesity and different
levels of metabolic dysfunction (Haro et al. 2017).

Based on the current evidence available, although
we have a general understanding of how diet affects
the gut microbiome, more research is still needed to
learn about the specific duration of the effects of dif-
ferent dietary components. There is a lack of long-term
studies in humans and follow-up studies of short-term
dietary interventions (Yang et al. 2019).
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Use of prebiotics and synbiotics for weight loss

in a low-carbohydrate high-protein diet

Despite the associated weight loss, the altered gut
microbiota caused a rise in the bacterial fermentation
of undigested proteins. As a result of this, harmful
health effects including genotoxicity and cancer-asso-
ciated metabolites were more evident. Synbiotics sup-
plements were useful in combatting those undesirable
consequences, and resulted in a less proteolytic envi-
ronment as they contain prebiotics and assist with
the growth of the beneficial intestinal bacteria (Sergeev
et al. 2020)

Synbiotics were administered for a period of 3
months in a study by Sergeev et al. They contained
Galactooligosaccharides, Bifidobacterium, as well as
Lactobacillus acidophilus. These exact strains were
developed in abundance, as a result, among the gut
microbiota. Prebiotics improve insulin sensitivity and
lipid metabolism, as proved by lowered total plasma
cholesterol and triglycerides in a previously conducted
meta-analysis. Strains linked to chronic inflammation
and obesity, such as Prevotella and Gardnerella, were
reduced. These findings signaled that the host’s metab-
olism and microbiota balance could be improved using
synbiotics, but they are equally dependent on the host’s
long-term diet, fiber intake and microbiota composi-
tion. (Sergeev et al. 2020).

Autologous fecal microbiota transplant (aFMT) effect

on microbiota and weight loss/regain following isocaloric
Mediterranean/green-Mediterranean diet

A trial conducted by Rinott et al. that included 90 par-
ticipants that were either abdominally obese or had
dyslipidemia, which were categorized randomly into
groups that consumed healthy diets in the form of
isocaloric Mediterranean diet and Green-Mediterra-
nean diets, found that, the Green-Mediterranean that
induced a significant change in microbiome compo-
sition, as well as in the preservation of weight-loss-
associated specific bacteria and microbial metabolic
pathways (mainly microbial sugar transport). In mice,
however, during the weight-loss phase, it was found
that Mankai-modulated aFMT compared to control
diet aFMT, resulted in the prevention of weight regain
with evidence of enhanced glucose tolerance during a
HFD-induced regain phase (all, P<0.05). Ultimately, in
order to maintain glycemic control and achieve weight-
loss, autologous fecal microbiota transplantation
(aFMT) can be used to collect specific microbiome sig-
natures during the weight-loss phase for administration
during the regain phase (Rinott et al. 2021).
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Oral microbial transplantation, the future through dentistry
Despite its beneficial effects, FMT has some drawbacks
including the way it is delivered into patients, which is
done via nasojejunal tube and colonoscopy, and this has
been associated with high fevers and elevated C-reac-
tive protein (CRP) when nasojejunal tube was used. On
the other hand, perforation, bleeding, and anesthesia-
associated symptoms have been observed while using
colonoscopy (AbdelMassih et al. 2021). So, the future
is with the oral microbial transplantation (OMT) as it
exhibited impediments and side effects, which occurred
with FMT. It was also found that OMT exhibit charac-
teristics that can make it be considered as a vital tool
of probiotic therapies essential for the treatment of
the array diseases associated with microbial dysbiosis
(Pozhitkov et al. 2015). Pozhitkov was the first to pro-
pose OMT technique steps, which include the follow-
ing: (Pozhitkov et al. 2015).

(I) Obtaining supra-gingival plaque from a caries-free
donor (it is preferred that the donor be related to
the recipient of OMT).

(I) Collected plaque preserved in saline, and then.

(III) Transplanted using a nylon swab on to the teeth of
the recipient.

(2023) 47:124

Page 8 of 10

Studies have noted that OMT has very promising
results that may be more superior to that of using FMT.
So clinical trials are still needed to prove its feasibility
and success (AbdelMassih et al. 2021).

Conclusions

With obesity rates increasing every year and with many
failed attempts of long-term weight loss ending into re-
obesity, multiple hypotheses were brought to the table
regarding the different mechanisms of re-obesity which is
led by not only the behavioral and psychological factors
but also other significantly important factors including
the role of persistent insulin, Leptin resistance and con-
tinued affinity of the CNS to ghrelin. The latter hormonal
mechanisms are collectively termed obesogenic memory
and we proved in our article that they are largely medi-
ated by persistence of dysbiotic strains in the gut and oral
cavity. Duration of diet, use of synbiotics and prebiotics
as well as fecal microbial and the newest oral microbial
transplantation can play a pivotal role in reducing the
rates of re-obesity and in erasing obesogenic memory
(Fig. 1 summarizes the main hormonal mechanisms
underlying obesogenic memory).
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Fig. 1 The role of microbiota in mediating Re-obesity. Abbreviations AT: Adipose tissue. Created with BioRender.com
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