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ABSTRACT

Obesity is a multifactorial condition that primarily occurs due to genetic, environmental, and microbiome-related
factors. This broad-based review attempts to deliberate on how these varying aspects come together and
determine the risk and the case of obesity. It has been shown that genetic predisposition leads to obesity
outcomes. Environmental factors including dietary habits, exercise, and lifestyle are engaging with the genes,
either being a persuasor or a deterrent to obesity. Emerging research highlights the critical role of the gut
microbiome in modulating metabolism, inflammation, and energy balance, further complicating the obesity
landscape. Studies demonstrate that microbial dysbiosis can drive increased fat storage and insulin resistance,
often in conjunction with genetic and dietary factors. This review integrates evidence from genetic,
environmental, and microbiomic attention with inseparable relationships of the factors. On top of this, we discuss
possible treatment approaches that utilize modulation of the microbiome and individualized strategies aimed at
the gene-environment-microbiome interplay. The review highlights the importance of integrative, multi-
dimensional approaches to understanding and managing obesity, offering insights into future research and
personalized treatment strategies.
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INTRODUCTION

Obesity has emerged as a significant global health
concern, characterized by excessive body fat
accumulation that poses health risks. The prevalence
of obesity has reached alarming levels globally.
According to the WHO, in 2014, more than 1.9 billion
adults, aged 18 years and older, were overweight, and
of these, over 600 million were classified as obese. The
trend continues to rise, with projections indicating
that by 2030, approximately 38% of the world's adult
population will be overweight, and 20% will be obese
[1]. The increase in obesity rates is not uniform; it
varies significantly across different regions and
demographics. For instance, the prevalence of obesity
is particularly high in North America, where
approximately 34% of adults are classified as obese,
compared to lower rates in parts of Asia and Africa.
Several epidemiological studies have documented the
rising prevalence of obesity across various
populations. In the United States, the prevalence of
obesity has more than doubled since the 1970s, with
significant increases observed in all age groups,
ethnicities, and socio-economic statuses [2]. Similarly,
countries in Europe and the Middle East have
reported substantial increases in obesity rates, with
some regions experiencing rates exceeding 30%
among adults [3]. In low- and middle-income
countries, rapid urbanization and the adoption of
Western dietary patterns have contributed to rising
obesity rates, leading to a dual burden of malnutrition
and obesity [4].

The prevalence of obesity in Indonesia has been
steadily increasing over the past few decades.
According to recent studies, the proportion of
overweight and obese individuals has risen
significantly, particularly in urban areas. A narrative
review indicated that the incidence of overweight
and obesity is higher in urban populations compared
to rural ones, driven by lifestyle changes associated
with urbanization, such as increased consumption of
high-calorie foods and reduced physical activity. The
Indonesian National Health Survey (RISKESDAS)
reported that the prevalence of obesity among adults
increased from 14% in 2007 to 21.8% in 2018,
highlighting the urgency of addressing this public
health challenge [5]. Cultural perceptions of body
image can influence dietary habits and obesity
prevalence. In some Indonesian communities, larger
body size is often associated with wealth and
prosperity, which can lead to overconsumption and
increased obesity rates [5]. The double burden of
malnutrition, where undernutrition coexists with
overnutrition, is also prevalent in Indonesia,
complicating the public health landscape [5,6].
Obesity is associated with numerous health
complications, including type 2 diabetes,
cardiovascular diseases, certain cancers, and
musculoskeletal disorders [7]. Epidemiological
studies have shown that obesity significantly
increases the risk of developing chronic diseases,
with over 85% of individuals with type 2 diabetes
being overweight or obese [8].
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Obesity represents a major public health challenge
worldwide, with its prevalence continuing to rise at
alarming rates. The interplay of genetic,
environmental, and lifestyle factors contributes to
this complex condition, necessitating comprehensive
strategies for prevention and management.

GENETIC FACTORS IN OBESITY

Genetics can contribute to causing increased body
weight by influencing metabolic pathways, neural
networks, and appetite control centers. For example,
the interaction of multiple genes, such as genes
encoding peptides targeted to transmit hunger and
satiety signals, genes involved in adipocyte growth
and differentiation, and genes involved in energy
expenditure control. These can lead to several
metabolic disorders such as insulin resistance,
dyslipidemia, inflammation, hypertension, and
ectopic fat deposition-especially in the liver, which
are the markers of obesity [9]. Genetics is also
related to the hypothalamic system in the control of
energy balance, which includes the leptin-
melanocortin system. The result of this mutation
leads to changes in the activity of hormones,
enzymes, and receptors, which causes hyperphagia
with the onset of obesity [10]. The genome-wide
association studies (GWAS) and next-generation
sequencing (NGS) discovery of genetic associations
and awareness of monogenic and polygenic causes of
obesity are put in non-syndromic obesity
classification. Furthermore, the genetics of obesity
could be classified into syndromic and non-
syndromic obesity [11]. Syndromic obesity is caused
by chromosomal rearrangements. Chromosomal
defects can lead to other clinical manifestations. It is
associated with other signs of a developmental
disorder and may or not be accompanied by a
congenital malformation syndrome. Congenital
malformation is marked by dysmorphic features and
organ abnormalities. Some examples of syndromes
are Prader-Willi syndrome, WAGR syndrome, SIM1
syndrome, and pleiotropic syndromes, including
Bardet-Biedl syndrome, Fragile X syndrome, Cohen
syndrome, and PCOS [12,13]. Non-syndromic obesity
is associated with genes. The amount of body fat is
affected by many different factors, including how
efficiently the digestive system extracts nutrients
from food, how easily nutrients are stored as fat or
burned as fuel, and how hungry we feel. Each of these
factors is influenced by hundreds of genes. The
contribution of each of these genes is not defined.
While there are some genetic variants that greatly
increase the risk of obesity, these are rare. Even
people with a similar risk of obesity may have
different  genetic reasons for that risk
[14]. Monogenic obesity is caused by a single gene
mutation that affects the increased input of food and
reduces energy use. Defects in at least 15 genes are
the cause of monogenic obesity cases, resulting
mostly from mutations in the melanocortin-4
receptor (MC4R) gene in the leptin-melanocortin
signaling pathway. This is related to variation in
genes associated with hyperphagia. Meanwhile,
leptin is involved with appetite. People with a lack of
leptin are not obese. On the other hand, people who
are obese have hyperleptinemia.

Other melanocortin pathway, such as POMC (pro-
opiomelanocortin) and PCSK1  (proprotein
convertase subtilisin/kexin type 1) also have
contributed to obesity. In patients with congenital
POMC deficiency, there is now a pharmacologic
alternative that counteracts hyperphagia and
obesity. Studies on patients with severe obesity
identified a mutation in the PCSK1 gene. Most of
those patients have early-onset obesity and
hyperphagia [15]. Another gene of interest is the NPY
(neuropeptide Y). It is a potent hypothalamic
orexigenic peptide. NYP can cause increased food
intake and obesity. Neuropeptide Y neurons inhibit
POMC neurons that decrease appetite, and they
activate  orexin- and melanin-concentrating
hormones, which are appetite-inducing peptides
[16]. The most important recognized gene is the FTO
(fat mass and obesity-associated) gene. FTO is the
first obesity-susceptibility found through GWAS in
European diabetes type 2 patients. This gene is
significantly associated with BMI (body mass index).
In studies, when patients control their weight or BM],
there is no significantassociation between these two.
Thereby indicating that the association between FTO
and type 2 diabetes was mediated through the effect
of FTO on BMI [17]. Polygenic obesity is complex and
multifactorial. It is found in 95% of cases of obesity
and many related genes cause this type of obesity
while they are also influenced by environmental
factors such as the obesogenic environment. Various
number of polymorphism (SNPs) identified as
susceptibility genomic biomarkers for obesity are
indeed found in obesity as increased BMI, lipid
metabolism, insulin secretion, and genes involved in
neural circuits of appetite and satiety, such as BDNF,
NEGR, IRS1, and INSIG2. Certain individuals can be
susceptible to variations in obesity-causing genes
through various pathways such as appetite control
(NPY, POMC, MC4R), energy expenditure (uncoupling
protein/ UCP), or inflammatory (adiponectin/
ADIPOQ, tumor necrosis factor-a/TNFa, interleukin-
6/1L6, Resistin/RETN [10,14]. In a study, a significant
relationship was found between the immune system
and microbiota. In another study showed a significant
relationship between the immune system and
genetics. Furthermore, it can be hypothesized that
immune genome variation may help explain the
differential representation of the gut microbiota that
is unique to each individual. This variability may be
directly related to inflammatory diseases (intestinal
and non-intestinal). Inflammation also plays a role in
obesity [18].

ENVIRONMENTAL INFLUENCES ON OBESITY

Environment and culture are the main combined
causes of obesity. According to recent research, these
are visible in people's lifestyles and influence health-
related behaviors, such as food diet, and physical
activity [19]. Adolescents often have poor diets and
physical inactivity, which can lead to overweight and
obesity. Important elements that influence this
include dietary changes, affordability and easy
access to unhealthy foods, a plethora of
entertainment options that do not require active
movement, and attractive advertisements [20].
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In the United States, obesity rates are known to be
higher in rural areas than in metropolitan areas [21].
Factors that influence this include lack of physical
activity and easy access to nutritious food. In
addition, this is also due to local infrastructure as
well as variations in the income and education levels
of people living in these places. An increase in the
prevalence of obesity can be attributed to the
difficulty of obtaining healthy food. Price and
distance to food sources such as shops are also
factoring making it difficult to get the food needed. In
addition, the availability of unhealthy food, such as in
fast food restaurants, can also increase the chance of
obesity [22]. The COVID-19 pandemic and all the
regulations imposed by many countries to prevent
transmission, such as social distancing and
lockdowns, are affecting people's diets and activity
patterns. In many cases, people are spending more
time in front of screens and the duration of sleep is
increasing while the level of physical activity is
decreasing. The amount of food consumed has also
increased. Processed foods that can be stored for
long periods of time are being preferred and
consumed by many people. As a result, people find it
more difficult to manage their weight [23]. In
pandemic conditions, people buy processed foods
that have a longer shelf life in large quantities, and
they consume them instead of fresh, nutritious, and
healthy foods, which are less accessible during
lockdown [22]. Food processing has undergone
significant changes with the increasing availability
and consumption of ultra-processed foods
(UPFs). UPFs are industrial formulations that use
food extracts from original sources, usually
containing five or more ingredients. These foods
comprise packaged snacks, soft drinks, and cereals.
The amount of UPFs consumed worldwide is huge
and has grown rapidly in recent years. Clinical data
show an association between higher caloric intake
and weight gain with UPFs, and observational data
show a positive correlation between UPFs, weight
gain, and obesity. The mechanism by which UPF
promotes obesity is not entirely clear. Larger
portions and eating faster are two other
characteristics that can lead to obesity due to higher
calorie consumption [22]. The risk of weight gain is
increased by consuming sugary drinks containing
sugar and artificial sweeteners [24]. Urbanization
has significantly transformed dietary patterns in
Indonesia, leading to increased consumption of
ultra-processed foods, which are often high in sugars
and unhealthy fats. This shift is particularly
pronounced in urban areas like Jakarta, where the
prevalence of obesity is notably higher [25].

According to the research findings, children and
adolescents in China are more likely to be
overweight or obese as their family's socioeconomic
status improves. In developing countries such as
Nigeria and India, families with better
socioeconomic levels are also more likely to have
overweight or obese children and adolescents. The
main reason for this phenomenon is that people's
lifestyles and eating habits have changed
significantly as a result of China's rapid economic
growth and abundant food supply, but parents'

awareness of a balanced diet and their knowledge of
nutrition have not kept up. There are gender
differences in the prevalence of overweight and
obesity with boys having a higher prevalence than
girls. The following factors may play a role in
explaining why boys are more likely to be
overweight or obese than girls: First, the difference
in the food given to boys and girls is due to the
tendency of parents in China to recognize their
children's physical growth. Boys are fed more, which
increases the prevalence of overweight and obesity
higher than that of girls; second, most boys' food
intake is much higher than that of girls, and boys
prefer meat and potato foods, which are associated
with overweight and obesity; third, from living
behaviors, the 2005 Adolescent Risk Behavior
Monitoring Report shows that 29.1% of boys play
computer games more than 2 hours a day, twice as
much as girls [26]. Studies indicate that higher
socioeconomic status (SES) is associated with
increased rates of obesity in Indonesia, contrary to
trends observed in many high-income countries
where lower SES is often linked to higher obesity
rates [27,28]. This phenomenon can be attributed to
better access to resources, including food and
healthcare, which allows wealthier individuals to
afford higher-calorie diets and engage in less
physically demanding occupations. Additionally, the
role of education and awareness regarding nutrition
and health is significant, as individuals with higher
education levels tend to have better health outcomes
and dietary choices [29]. Furthermore, cultural
factors and social norms surrounding body image
and health can influence dietary choices and physical
activity levels. In some Indonesian communities,
higher body weight is often perceived as a sign of
wealth and health, which can discourage weight
management efforts [30]. This cultural perception,
combined with the marketing of unhealthy food
options, exacerbates the obesity crisis.

GUT MICROBIOME AND OBESITY

In recent years, the gut microbiota has become a
subject of great interest because it is a component
that has a direct impact on human health. The gut
microbiota is the group of bacteria, archaea, fungi,
and viruses that live in the gut. This microbial
assemblage is host-dependent but can be altered by
endogenous and exogenous events [31,32].
Approximately 3.8 x 1013 bacterial cells are present
in and on the human body, and 3.0 x 1013 human
cells. In a healthy individual, there are about 195
bacterial strains of 101 species, some of which are
found in the fecal microbiota. The gut microbiota is
about 1 kg of total body weight, so it varies with each
individual. In addition, the number of genes in the
human microbiome is at least a hundred times
greater than the number of genes in the human
genome. In the human body, there are four dominant
bacterial phyla: Firmicutes, Bacteoidetes,
Proteobacteria, and Actinobacteria [33,34]. About
90% of the total bacterial species are Firmicutes and
Bacteroidetes [31]. The diversity of gut microbiota is
decreased in obese people due to different diets,
such as those containing a lot of sugar, fat, and animal
protein.
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Compared to normal-weight people, obese adults
usually have larger Firmicutes and Proteobacteria
phyla. Research results also show that obese patients
have higher numbers of Bacteroidetes and
Actinobacteria compared to normal-weight patients
[34,35]. The analysis also showed that there was no
difference in microbial diversity in the wupper
gastrointestinal tract between obese and normal-
weight people. One reason why no variation was found
in the upper gastrointestinal tract is that the number of
bacteria in the proximal area is very small [31]. The
microbial communities that inhabit the gut have
recently been considered to play an important role in
obesity and related metabolic problems. Firmicutes
and Bacteroidetes are the two microbiota types most
commonly associated with these events [36]. The gut
microbiota is symbiotic and plays an important role in
various physiological processes, including performing
its function in metabolism. This is because microbiota
have the ability to increase energy production from
food and are involved in regulating fatty acid tissue
composition [31]. Short-chain fatty acids (SCFAs) are
the result of the fermentation of poorly digested
carbohydrates, which are then absorbed by the gut or
excreted in the feces. SCFAs consist of acetate,
propionate, and butyrate, which have the ability to add
about 10% additional energy daily, making them very
important in the regulation of energy homeostasis.

Additionally, SCFAs are responsible for the release of
satiety hormones [36,37]. SCFAs bind to G protein-
coupled receptors, such as GPCR41 and GPCR43.
Acetate mainly binds to GPCR43, propionate binds to
GPCR41 and GPCR43, and butyrate binds to GPCR41.
GPCR41 and GPCR43 receptors function in the
intestinal epithelium and adipose tissue. If GPCRs are
found in adipose tissue, it suggests that this tissue is
a prime target for metabolites produced by the gut
microbiota. SCFAs increase the expression of PPARs,
which are important mediators of adipose formation.
SCFA bound to GPCR41 increases leptin expression
in adipocytes, and SCFA bound to GPCR43 promotes
adipogenesis.

Therefore, the resulting fatty acid profile is associated
with the appearance of obesity [38]. Through
endocrine, immune, and neural pathways, the gut
microbiota and the brain can communicate with each
other. The gut microbiota influences food intake by
regulating brain function in several ways, one of
which is by regulating gut hormones secreted by
enteroendocrine cells such as Peptide YY (PYY),
pancreatic polypeptide, and glucagon-like peptide-1
(GLP-1), which can decrease glucagon levels and
affect gastrointestinal function. Processes related to
propionate production by the gut microbiota lead to
decreased appetite due to increased concentrations of
PYY and GLP-1. The research found that obese
patients had higher food intake as their PYY and GLP-
1 levels decreased significantly [37,38]. Under healthy
conditions, the gut microbiota is in “eubiosis” or a
state of balance. However, when a person is sick, the
gut microbiota undergoes dysbiosis (altered
composition of the gut microbiota). Much evidence in
recent years suggests that dysbiosis is a cause of
obesity [39,40].

Gut microbiota dysbiosis causes chronic low-grade
inflammation and increases lipopolysaccharide
(LPS), which is an endotoxin in the host's circulatory
system. LPS contains lipid A, which can cross the
intestinal mucosa with the help of chylomicrons or
by tight binding [38,41]. TNF-a mRNA expression in
adipose tissue increases as a result of the increase of
LPS in the circulation, which promotes endotoxemia
[42,43]. In addition to inflammation, feeding
rhythms are thought to regulate circadian and gut
microbiota. Studies show that time-restricted
feeding reduces the harmful effects of a high-fat diet
by regulating circadian gut microbiota. Not only does
disruption of the feeding rhythm disrupt the gut
microbiota, leading to glucose intolerance and
obesity, but sleep deprivation can also disrupt the
circadian rhythm, thus affecting the gut microbiota
and causing obesity. Thus, the gut microbiota has
many links to obesity, including affecting appetite,
energy absorption, fat storage, circadian rhythms,
and low levels of chronic inflammation [37].

INTERACTION BETWEEN GENES, ENVIRONMENT,
AND GUT MICROBIOME

The interaction between genetic factors,
environmental influences, and the gut microbiome is
a critical area of research in understanding obesity.
This multifaceted relationship highlights how these
elements collectively contribute to the development
and progression of obesity, emphasizing the need for
a comprehensive approach to prevention and
treatment. Genetic predispositions play a significant
role in obesity, with numerous studies identifying
specific genes associated with increased body mass
index (BMI) and obesity risk. For instance, the FTO
gene has been extensively studied and shown to
influence  appetite regulation and energy
expenditure, where certain variants are linked to
higher BMI and obesity [44,45]. But this does not
mean that these genetic factors are bound to occur
and will not be affected by various factors such as
diet and lifestyle. have been able to proven thatin the
human gut microbiome is largely influenced by the
surrounding environment than by hereditary
factors, which further shows that the microbial
community is more sensitive to what people
consume than their genes [45].

Moreover, the gut microbiome itself is a rapidly
growing topic of interest in the context of obesity. It
plays the role of the environmental factor that affects
both genes and life conditions. For example, they
highlighted that the gut microbiota can act like a
polygenic trait that is influenced by several factors in
the environment and host genetics and shown that
the composition of microbiota can affect fat
deposition and immune modulation [46]. Also, a
certain microbial profile was identified as a risk
factor for obesity such as Firmicutes and vice versa
Bacteroidetes for thin typing [47]. This suggests that
the balance of these microbial populations may play
a crucial role in energy metabolism and obesity risk.
Environmental exposures, such as dietary patterns
and chemical pollutants, can also induce changes in
the gut microbiome that contribute to obesity.
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Discussed how environmental chemical exposures
can lead to gut dysbiosis, which may further
exacerbate obesity and related metabolic disorders
[44]. Also, provided that genetic control underlies
host-gut microbiota interactions showing that the
microbiome in obesity is a combination of genetic
and environmental factors [48]. Even more
complicating is the ability of a gut microbiome to
adapt quickly to the changes in its diet, whereas, the
genetic factors involved in response differ at a much
slower pace. Due to this dynamic nature of the
microbiome, there could be a reduction of the genetic
susceptibility factors to obesity through diet and
behavior alterations [49]. For instance, prebiotic and
probiotic supplementation has been suggested as a
strategy to improve metabolic health and reduce
obesity risk, particularly during critical periods such
as pregnancy [50,51].

THERAPEUTIC APPROACHES AND INTERVENTIONS
Obesity is a chronic, relapsing, multifactorial disease.
Similar to other chronic conditions, obesity requires
therapeutic  interventions and  appropriate
treatment strategies on a long-term basis [52].
Screening and diagnosing obesity in routine care
should be mainly based on BMI. Apart from its use
for the diagnosis of obesity, BMI cut-offs guide
obesity treatment recommendations in most obesity
guidelines in Europe and North America [53].
Several strategies are currently used for weight
management in obesity, these can be divided into
three groups the pillars of obesity management such
as lifestyle modifications, pharmacotherapies, and
bariatric surgery [52,54,55]. Lifestyle modification
included recommendations on diets, physical
activity, and behavioral interventions. Weight
reduction is recommended for people with a BMI
greater than or equal to 30 kg/m2 or a BMI greater
than or equal to 25 kg/m2 and weight-related
complications (eg, diabetes mellitus type 2,
hypertension). This change took place at least six to
twelve months. For people who are overweight but
do not have any weight-related health issues,
guidance and information on behavior modification
to adopt a healthier dietand up their physical activity
levels should be given [53].

The majority of international standards suggest a
daily caloric deficit of at least 500 kcal in order to
achieve clinically significant weight loss [52]. Along
with meal replacements, portion control, and
structured meal plans, a specific dietary plan that
takes into account the patient's cultural and personal
preferences as well as altering the unhealthy
components should be used [56]. A diet's
macronutrient composition is unimportant as long
as it is well-balanced and wholesome. A more recent
meta-analysis discovered that, as compared to
control diets, weight loss is achievable at six months
with low-carb and low-fat diets; however, these
benefits prove temporary after a year [57]. A weekly
exercise goal of at least 150 minutes of cumulative
moderate-intensity endurance activity, combined
with strength training, should be the foundation of
any weight loss effort. After a successful weight loss,
changing one's lifestyle to maintain weight for the

long term requires increasing exercise to 300
minutes a week of moderate-intensity activity, which
is unsustainable for many obese people. Additional
recommendations include decreasing sedentary
behavior (such as watching television or using
computers) and increasing daily activities (such as
walking, cycling, climbing stairs, and gardening) in
addition to customizing the exercise goals to the
individual's physical capabilities and preferences
[52].

In addition to weight loss, physical activity is known
to have other health benefits, such as reducing the risk
of CV and type 2 diabetes [58]. According to
international guidelines, every adult participating in a
weight management program should be offered the
option of behavioral intervention in the form of
individual or group sessions. Regular weighing,
stimulus control, modifying existing dietary and
fitness habits, and setting reasonable and
individualized weight loss targets are examples of
behavioral strategies. Antiobesity medications
(AOMs) combined with lifestyle modification is
advised if behavioral interventions are not sufficiently
effective after six months in helping the patient reach
their specific weight loss or health-related goals, or if
they have a higher BMI in addition to an obesity-
related complication [53]. Optimally, AOMs are
prescribed in adjunct to lifestyle modification.
Patients with a BMI of 27 kg/m2 or above who are
obese (BMI of 30 kg/m2) are clinically appropriate for
AOMs. There are five approved AOMs: phentermine,
phentermine/topiramate extended-release, orlistat,
liraglutide (3.0 mg), and naltrexone/bupropion
sustained-release, excluding Lorcaserin, which was
pulled in early 2020 due to a large post-marketing
trial showing a higher incidence of cancer compared
to placebo. The latter 4 are approved for long-term
use [59]. According to guidelines, a 12-week
prescription for phentermine should be given.
Concerns concerning phentermine's potentially
harmful long-term effects on CVD persist because no
RCTs have examined the drug's long-term safety and
effectiveness as monotherapy.

In addition, phentermine causes psychotic symptoms.
Initially in 1968, a study (n = 108) promoted the use
of phentermine in conjunction with a 1000-kcal diet.
The results showed that after 36 weeks, individuals
who used phentermine intermittently or continuously
dropped 13 kg or 12.2 kg, respectively, in comparison
to the placebo group, which lost 4.8 kg [59,60]. Orlistat
was studied for up to 4 years in the XENical in the
Prevention of Diabetes in Obese Subjects study. In
addition to lifestyle change, 3305 volunteers with an
obese diagnosis received either orlistat or placebo in
this randomized controlled study (RCT); patients
showed normal (79%) or impaired (21%) glucose
tolerance. The weight loss after four years was 3.0 kg
for the placebo group and 5.8 kg for the orlistat group
[59,61]. Liraglutide, a drug that is frequently
recommended for type 2 diabetes, is also licensed to
help with weight loss; 3.0 mg/day can be taken for
weight loss in addition to the maximum 1.8 mg/day
for T2D for about 56 weeks in duration (Kenisher et
al, 2021).
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The US Food and Drug Administration authorized
bupropion/naltrexone sustained release in 2014.
The combination medications’ effect on weight loss
compare favorably to other AOMs. In particular, a 78-
week randomized controlled trial (naltrexone [32
mgs]/bupropion [360 mgs]) saw a nearly 10%
decrease in body weight percentage. After 56 weeks,
two more RCTs with comparable doses reported
percentage reductions in body weight of 6.1% and
9.3% [59,62,63]. Barriers to the general adoption of
AOMs remain since they are linked to a variety of
adverse effects; liraglutide, for instance, is more
frequently stopped because of side symptoms than
placebo (odds ratio: 2.95). Despite being certified in
obesity medicine, physicians may still be hesitant to
recommend AOMs because insurance companies
might not be able to pay for such expensive
treatments [59]. Due to its high efficacy in terms of
weight loss, duration of effectiveness, and
improvement of obesity-related complications,
bariatric surgery is regarded as the "gold standard"
treatment for severe obesity [64]. Gastric banding,
sleeve gastrectomy, and Roux-en-Y gastric bypass
are common surgical procedures that result in
15.9%, 29.5%, and 31.9 percent weight loss,
respectively [65].

After ten years, the weight loss that was attained is
essentially maintained [66]. Bariatric surgery-
induced sustained weight loss is linked to numerous
advantages, most notably in relation to
cardiometabolic disorders [67]. However, there are
still significant drawbacks to this treatment strategy,
such as the possibility of surgical complications, the
requirement for lifetime nutritional monitoring and
supplements, and nutritional inadequacies. It is
advised to have multidisciplinary follow-up for at
least two years following the surgical procedure
[53]. The gut microbiota is a complex ecosystem
made up of over a thousand different strains of
bacteria, and its prokaryotic population is an order
of magnitude larger than all of the human body's
cells [68]. The complex relationships between the
microbiome and human health particularly when it
comes to host metabolism—have only lately started
to be studied [69]. The germ-free (GF) mice used in
the original research to show a causal link between
the microbiome and an obese phenotype were found
to be resistant to diet-induced obesity even when fed
a high-fat (HF) diet [70].

Additionally, these animals might acquire an obese
phenotype by fecal transplants from genetically or
Western diet-fed obese mice, which resulted in a
higher weight increase than the inoculation with
wild-type bacteria. Motivated by these results, other
microbial survey investigations have endeavored to
delineate the components of an “obese” microbiome
and identify the particular strains that facilitate the
emergence of obesity and associated metabolic
abnormalities. These studies have led to the general
conclusion that a lean phenotype is linked to a higher
Bacteriodetes: Firmicutes ratio, while the reverse is
true for obese people [69]. According to a recent
study, there is little correlation between the
Bacteriodetes: Firmicutes ratio and obesity status in

analytical investigations. These early findings were
probably confused by high levels of experimental
"noise," which included interpersonal variance and a
small sample size. This implies that notable variations
in pathology-related microbiota may arise at a more
specific phylogenetic level than the general divisions
mentioned above, along with other inconsistencies in
the research [71]. Probiotics and prebiotics have a
long history of beneficial benefits on digestive health
[69]. Prebiotics have been shown in numerous
experimental investigations to be beneficial in the
fight against obesity and metabolic disorders, with
different modes of action. Among other things, there
is mounting evidence that prebiotic-based treatment
reduces systemic inflammation linked to obesity.
Obese mice treated with oligofructose (OFS) had an
increase in intestinal Bifidobacteria. This alteration in
the microbiota's composition was connected
adversely with both fat mass and inflammatory tone
(as determined by metabolic endotoxemia and plasma
cytokines) [69]. Dewulf et al. conducted human
studies  wherein obese women receiving
inulin/oligofructose prebiotics showed increased
Bifidobacterium and Faecalibacterium proportions.

This result was correlated with a decrease in fat mass
and serum LPS [72]. It has been demonstrated that
supplementing people with fructans-type prebiotics
(16 g/d) increases plasma PYY/GLP1, reduces
appetite, and attenuates the glycemic response. In a
similar vein, a regimen that added 21 g/d of inulin-
type fructans to the diets of obese patients resulted in
elevated plasma PYY and decreased ghrelin
production, markers that correlated with decreased
food intake, fat mass, and weight gain [69]. Oral
administration of viable bacterial strains (probiotics),
which can be incorporated into the gut environment,
is an alternative strategy for reorganizing the gut
microbiota. To maintain their growth and function,
probiotic bacteria can also be combined with
prebiotic fibers and added to food products. This
combinatorial strategy, known as "synbiotics," may
help to amplify the positive benefits of probiotics [69].

Probiotic treatments developed from this list have
been shown to be beneficial for treating and
preventing obesity in animals, where weight loss is
frequently accompanied by improvements in a
variety of metabolic parameters. Additional human
clinical trials have produced equally encouraging
results, consistently showing that probiotic
administration has a favorable effect on body weight,
body composition, and a variety of metabolic
indicators. When compared to control patients,
children who took a probiotic blend supplement for
four months had a significantly lower BMI, higher
GLP-1 levels, and improved liver adiposity [73].

Additionally, compared to placebo controls, an 8-
week  synbiotic supplementation regimen
significantly reduced body weight, total cholesterol,
and plasma triglycerides in a cohort of adult patients
who were overweight or obese [74]. Overall,
probiotic supplementation with different species of
Bifidobacterium, Lactobacillus, and other selected
taxa, either in isolation or as blended probiotics,
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elicits positive effects on obesity and associated
metabolic pathophysiology, as shown by these and
other human clinical trials in children and adults. But
as was already indicated, the strains being studied,
the dosage, and the length of the intervention all
have a significant impact on these outcomes
[75,76,77].

CONCLUSION

Obesity is a multifactorial condition mediated
through genetic, environmental, and microbial
factors. Although some people may be born with
tendencies concerning metabolism and fat
deposition, habits affecting lifestyles and eating
patterns sway these risks. The gut microbiome also
plays a significant role, with imbalances in microbial
populations linked to increased fat accumulation and
metabolic  dysfunction. Understanding these
interactions is crucial for developing personalized
obesity prevention and treatment strategies.
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