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Abstract

Obesity is a multifactorial disease with a variable and underwhelming weight loss response to
current treatment approaches. Precision medicine proposes a new paradigm to improve disease
classification based on the premise of human heterogeneity, with the ultimate goal of maximizing
treatment effectiveness, tolerability, and safety. Recent advances in high-throughput biochemical
assays have contributed to the partial characterization of obesity’s pathophysiology, as well as

to the understanding of the role that intrinsic and environmental factors, and their interaction,
play in its development and progression. These data have led to the development of biological
markers that either are being or will be incorporated into strategies to develop personalized lines
of treatment for obesity. There are currently many ongoing initiatives aimed at this; however, much
needs to be resolved before precision obesity medicine becomes common practice. This review
aims to provide a perspective on the currently available data of high-throughput technologies to
treat obesity.
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Obesity is a complex and chronic multifactorial disease affecting 39% of the adult
population in the United States and contributing to 280,000 deaths annually.? Obesity is not
only associated with a high incidence of several major noncommunicable diseases including
cardiovascular conditions and type 2 diabetes?, but also with the loss of up to one in four
potential disease-free years of life during middle and later adulthood.3 The high prevalence
of obesity and its associated comorbidities results in nearly $480 billion in direct healthcare
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costs annually.# It is estimated that by 2030 up to 49% of all adults in the United States

will have obesity.> These alarming projections and accompanying economic burden demand
the development of effective therapeutic strategies that can complement obesity’s current
standard of care approach.

The variability in weight loss response to the current obesity treatment approach is the
result of the heterogeneity of this disease’s etiology, clinical presentation, and development
of associated comorbidities. Current obesity guidelines suggest escalation therapy starting
with lifestyle modifications supported by pharmacologic agents, endoscopic devices, and/or
bariatric surgery based on the body mass index (BMI) and comorbidities of an individual,
and his/her response to these different therapies.58 Each of these treatment strategies has
been shown to have wide variability in terms of weight loss outcomes, suggesting that this
current approach does not address the comprehensive and individualized care that patients
with obesity need.

Precision medicine for obesity proposes a new paradigm in which the disease is stratified
based on specific biological markers gathered predominantly from high-throughput or
‘omics assays (e.g., genomics, epigenomics, transcriptomics, and microbiomics among
others), as well as from other clinical, physiological, and behavioral characteristics. These
biological markers cannot only predict the risk of progression into developing other
comorbidities, but can potentially be used to predict the response to specific therapies as
well. This review aims to provide a perspective on the currently available data that can
potentially pave the pathway toward identifying obesity phenotypes and the development
of obesity precision medicine. First, we describe the traditional approach to treat obesity;
second, we will summarize the currently available data on ‘omics and obesity; and third, we
will describe how these data have been and can potentially be incorporated into precision
medicine for obesity.

The Traditional Approach to Obesity Treatment

Obesity is typically defined as excessive body fat accumulation that can be categorized
based on anthropometric measures. The most common tool to assess body fat is the BMI,
which is weight (kg) divided by height squared (m?2).% BMI allows classifying individuals
according to standardized ranges established from population studies. A BMI =30 kg/m?
defines obesity.210 In addition to total body excess fat, the location of fat distribution plays
a major role in the risk of developing metabolic comorbidities, with central obesity and

a consequential higher waist circumference (WC) posing a much higher comorbidity risk
compared with lower-body adiposity distribution.1

Because these standard classifications based on anthropometric measures do not necessarily
predict the risk of developing metabolic complications, other risk stratification systems

have been developed to differentiate individuals at increased mortality risk who will benefit
the most from weight-management interventions. One of such systems is the Edmonton
Obesity Staging System (EOSS). The EOSS comprises a five-stage risk-stratification system
that classifies obesity considering physical, psychological, and metabolic parameters.12 In
longitudinal studies, EOSS has been a better indicator of mortality than BMI. In spite of

Dig Dis Interv. Author manuscript; available in PMC 2022 October 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cifuentes et al.

Page 3

the current evidence, the traditional approach to obesity treatment is still based on obesity
severity defined by BMI.13

The current guidelines recognize that transitioning from a pro-obesogenic lifestyle to a
healthy lifestyle is the cornerstone of obesity management. A multidisciplinary team, led

by professionals with obesity medicine and/or nutrition training, facilitates this transition by
helping patients navigate through a therapeutic algorithm. This therapeutic algorithm begins
with lifestyle and behavior modifications that are recommended for anyone with a BMI
greater than 25 kg/m? with or without comorbidities, and escalates to add medications,
bariatric endoscopic procedures, and/or bariatric surgery. The escalation through the
algorithm depends on the individual’s initial BMI, weight loss goal, and response to
treatment.6-8.14

The fundamental recommendations of a weight loss program include changes in diet

to achieve a significant caloric restriction, increased activity to promote higher energy
expenditure, and behavior therapy to modify habits related to eating and physical activity
that contribute to excess weight. Although lifestyle and behavior modification are the basis
of any weight loss program, weight loss outcomes are modest, a many patients do not
respond to these changes, and maintaining weight loss remains a critical challenge.15-20

If lifestyle interventions fail or are not sufficient to achieve the weight loss goal, medical
therapy is the next step in this obesity therapeutic algorithm. Antiobesity medications are
generally indicated for individuals with a BM1 =30 kg/m? or those with a BMI =27 kg/m?
with weight-related comorbidities.68:21 Medications should not be used independently, but
rather in combination with an intensive lifestyle intervention plan. Medications approved
to treat obesity, combined with a lifestyle intervention plan, have resulted in a higher

mean weight loss than placebo. However, there is high variability in the response to each
medication with inconsistent predictors of treatment response being reported in the literature
to a given drug.22:23 The current recommendations suggest a trial-and-error approach, in
which medications should be prescribed for 12 to 16 weeks and then continue only in those
with a body weight loss of greater than 5%.24:25

Bariatric endoscopy procedures are contemplated if patients cannot lose weight or maintain
weight loss over time with diet, physical activity, behavioral modification with or without
medications, that is, patients who have failed lifestyle interventions and medical attempts
at weight loss.26 Bariatric surgery is a safe, efficacious, and durable treatment option for
patients with severe obesity, defined by a BMI =40 kg/mZ, or for patients with a BM| =35
kg/m?2 with at least one obesity-associated comorbidity.2”-28 Nevertheless, although overall
highly successful, postoperative outcomes have high individual variability as well.29:30

Precision Medicine for Obesity

Precision medicine encompasses the concept of personalized preventive, diagnostic, and
therapeutic measures that seek to improve disease stratification and maximize treatment
effectiveness by considering individual variability.3! Precision medicine has five goals:
to personalize care, to predict disease progression, to predict therapeutic success, to
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prevent disease progression, and to achieve an adequate therapy adherence3? (»Fig.

1). To accomplish these goals, we must integrate the current knowledge on obesity
pathophysiology with data from ‘omics assays, accounting for the variability in lifestyle,
psychosocial, and environmental factors that play a role in obesity development. This
integration will allow bridging current evidence-based medical practice and precision
medicine.33

In 2015, the White House launched the Precision Medicine Initiative to promote cooperative
efforts by researchers, medical providers, and patients.3* The paradigm of precision
medicine is not new, but the revolution of ‘omics profiling technologies, data available

from electronic medical records and implementation of alternative classification systems,
may allow more precise models to reach the ultimate goal. The National Institutes of

Health initiative entitled Accumulating Data to Optimally Predict Obesity Treatment
(ADOPT) Core Measures Project aims to develop an integrated model for biological,
environmental, behavioral, and psychosocial domains to understand individual variability

in obesity treatment.3°

Omics and Obesity

A variety of high-throughput profiling technologies across biological tissues and fluids
have identified genetic and epigenetic variations that translate into transcriptome, proteome,
and metabolome changes. These changes may potentially participate in a disease’s
pathophysiology and have led to the discovery of biomarkers that could be therapeutically
targeted to discover novel mechanisms involved in the development and progression of

a specific disease.36:37 In obesity, ‘omics biomarkers can provide information regarding
the etiology of obesity and its pathophysiological connections with chronic disorders that
eventually may help target obesity more efficiently and in an individualized manner.38
Although genes, epigenetic factors, transcripts, proteins, and metabolites are individually
identified as a first step to understand pathways and mechanisms, the overall goal is to use
multi-omics data for health assessment and prediction (»Fig. 2).

Genetics and Obesity

The sequencing of the human genome and the understanding of the regulation of energy
homeostasis mediated by the leptin-melanocortin pathway led to the first well-recognized
genes associated with obesity.3% These genes account for less than 1% of fully penetrant
nonsyndromic obesity cases*?41 and 2 to 3% of syndromic monogenic obesity cases.*2
The majority of obesity cases are polygenic. Polygenic obesity is attributed to the interplay
between multiple loci. For instance, genetic studies have led to the discovering of heritable
traits linked to obesity with heritability estimates ranging from 40 to 70% for BMI, 40 to
80% for WC, and 30 to 60% for waist-to-hip ratio (WHR).43-46

Sequencing of the human genome has been pivotal in identifying hundreds of gene variants
or single nucleotide polymorphisms (SNPs) associated with obesity and its related traits
through genome-wide linkage studies and genome-wide association studies. However, their
contribution to obesity development is modest. For instance, although BMI’s heritability
has been estimated to be up to 70%, the better-characterized SNPs and their effects do not
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account for more than 15% of the BMI’s variance. This gap suggests that there are many
more gene variants that remain to be discovered.

Gene—environment interactions complement the heritability of obesity traits. Available data
suggest that unfavorable dietary, activity, and environmental factors can amplify the genetic
predisposition to obesity in individuals with certain SNPs. Because of the modest effect

of SNPs on obesity traits, researchers have aggregated multiple SNPs into genetic risk
scores. Genetic risk scores take into account estimated variations in multiple anthropometric
traits based on demographic and environmental characteristics to increase the detection

of gene—environment interactions.#’ For instance, factors that can amplify the association

of genetic risk scores with BMI include increased consumption of sugar-containing
beverages, increased fried food intake, decreased physical activity, sleep deprivation, and
low socioeconomic status.48-51

Epigenetics is the study of reversible DNA modifications that can alter gene expression
independently of changes in the nucleotide sequence. These modifications, influenced by
genetic variants and environmental exposures, provide an additional layer of complexity in
understanding obesity’s pathophysiology.>2 DNA methylation is the best-studied epigenetic
mark associated with pathways involved in obesity such as eating behavior, circadian
rhythm, hunger, satiety, and lipid metabolism.>3:54 Epigenome-wide association studies
showed the correlation between methylation changes and clinical variables related to obesity
like BMI, WC, WHR, and body fat percentage.>>-56

DNA methylation profiles offer information about the pathophysiology of obesity and

the predisposition to comorbidities. Weight loss intervention studies involving dietary
factors, physical activity, and/or surgical treatments demonstrated the reversibility of cell-
type—specific obesity-associated epigenetic changes.>”59 Presence of these changes can
improve the metabolic outcome to certain therapies and may allow predicting who is

going to respond better to a certain therapy. These observed methylation variations, without
demonstrated clinical significance, are unlikely to result in the generation of precision
obesity therapies.®0:61 However, baseline methylation patterns may serve as a diagnostic
biomarker or prognostic tool.

Transcriptomics

Transcriptomics is the study of all RNA transcripts in an individual or a population of
cells, including coding and noncoding MRNA. Noncoding regions include a rich diversity
of functional units critical for protein regulation and other cellular processes.52 The role
of transcriptomics on obesity is slowly advancing. For instance, multiple associations and
validation studies have demonstrated that small nucleolar RNAs are associated with food
intake and body weight in patients with Prader—Willi syndrome.3 Similarly, microRNAs
have been associated with metabolic pathways involved in adipogenesis and adipocyte
differentiation.64

RNA sequencing allows the quantification of gene expression and provides a better
understanding of cellular functions. For instance, sequencing technology advances have
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allowed researchers to measure gene expression and comprehensively classify adipose
tissue.85 The transcriptomics profiling of subcutaneous adipose tissue for patients
undergoing surgical treatment has corroborated the role of adipose tissue on inflammation
and subsequent effect on obesity development.5® However, the transcriptome-wide changes
from adipose tissue after weight loss interventions may not be enough to use a therapeutic
target or predict response to treatment.67

Metabolomics

Microbiota

Metabolomics is the qualitative and quantitative analysis of all metabolites at the cellular
level, tissues, organs, systems, or whole organisms. Metabolomics studies provide a

detailed characterization of the metabolic profile in response to genetic variations, and
physiological or pathological conditions. Metabolites are small molecules that act as
substrates, intermediates, or products of cellular functions. Each cell type has a distinctive
and fluctuating metabolite collection that reflects the host’s genome-controlled physiological
state and its relationship with the environment.8 In obesity, metabolomics studies aim to
evaluate the changes in metabolites at the cellular level, with the goal of understanding the
biochemical pathways and obtaining recognizable chemical patterns. Once these chemical
patterns are identified, they become potential therapeutic targets.

Studies in children with obesity have found metabolomics profiles characterized by
increased steroid derivatives such as dehydroepiandrosterone sulfate, highlighting the
possible role of steroids in disease development.®? In adults, obesity is associated with
profiles containing higher levels of aromatic amino acids (phenylalanine and tyrosine),
branched-chained amino acids (BCAAs; leucine, isoleucine, and valine), and products
of nucleotide metabolism (uric acid and urate).”9 Among adult patients with obesity,
subjects with associated metabolic comorbidities presented increased levels in BCAAS,
a-aminoadipic acid, and acylcarnitines.”! Based on these associations, researchers have
been able to identify metabolic signatures related to obesity traits (e.g., BMI) and metabolic
comorbidities associated with the disease. For instance, patients with obesity can present
specific metabolomics patterns indicative of impaired glucose and lipid metabolism.®°

Dietary interventions indicate that long-term weight loss can improve pathologic
metabolomics profiles and decrease the risk of metabolic comorbidities.”? Furthermore,
acute intervention studies have addressed the effect of diet on the metabolic profile with
the potential to predict the risk of metabolic comorbidities and an individual’s response to
dietary interventions.”3

The microbiota comprises various interactive coexisting bacteria, archaea, bacteriophages,
viruses, and fungi that have coevolved with a particular host.”* The human gut microbiota
possesses a genomic repertoire much greater than the human genome and has physiologic
roles in food digestion, drug metabolism, intestinal endocrine function, neurological
signaling, gut epithelial cells renewal, and immune system training.”® The gut microbiota
and its physiologic interactions with the host can be influenced by internal factors (e.g.,
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genetics and anatomy, among others) and external elements (e.g., diet, exercise, and
medications, among others).76-78

Animal studies have demonstrated the ability of intestinal microbiota to regulate energy
metabolism and food intake. For instance, after a high-fat diet, there is an increase in
Firmicutes. Bacteroidetes ratio, which can contribute to metabolic endotoxemia.”® The
metabolic endotoxemia alters the gut-brain axis, mainly by affecting satiety signals.8% The
gut microbiota also has the ability to modulate bile acid metabolism by changing the

bile acid pool size and composition.8? The bile acid pathway participates in food intake
regulation, food absorption, and glucose metabolism.82

Despite the absence of a standardized definition of a healthy gut microbiome, metagenome-
wide association studies comparing individuals with obesity and lean individuals have
shown differences in bacteria quantification and diversity, and microbial pathways. For
instance, obesity is associated with an increase in short-chain fatty acid—producing bacteria,
such as Roseburia intestinalis and Eubacterium ventriosum, and a decrease in glutamate-
fermenting bacteria, such as Bacteroides thetaiotaomicron.8384 On the other hand,
intestinal microbiota from lean individuals to recipients with metabolic syndrome showed
improvements in glucose metabolism.85 Dietary interventions in patients with obesity

and microbiota analysis after Roux-en-Y gastric bypass validated that both interventions
increased microbiome diversity, resulting in increased microbial utilization of macro- and
micronutrients.86

Pharmacogenomics

Pharmacogenomics studies the association between gene variants and drug-metabolizing
enzymes, transporters and receptors, and its impact on a specific medication response.8’
Pharmacogenomics could partially explain the heterogeneous response to weight loss
medications observed in clinical trials, or, conversely, the weight gain associated with
certain prescription drugs. For instance, variants of the insulin receptor gene /A/VSRand
the glucagon-like peptide receptor gene GLP-1R targeted by topiramate and liraglutide,
respectively, have been associated with a differential treatment response.88-90 Three silent
SNPs in the gene encoding the pancreatic lipase were shown to influence the efficacy of
orlistat.91 In the same way, 13 SNPs have been strongly associated with weight or BMI
changes secondary to antipsychotic medications use.%?

Nutrigenetics and Nutrigenomics

Diet interacts with genes to affect metabolic pathways and homeostatic control. The

effect of diet on these systems varies widely among individuals. The development of
nutrigenetics and nutrigenomics aims to understand the interaction between diet and disease.
Nutrigenetics, on the one hand, is the science studying the impact of genetic variation

on dietary response. Nutrigenomics, on the other hand, attempts to explain the effect of

diet on gene expression.?3 Available evidence has led to the understanding of how SNPs
interact with diet and how dietary components affect a specific gene variant-associated
phenotype. Additionally, high-resolution biotechnologies have made possible assessing

the effect of nutrition on histone methylation, RNA transcription, protein synthesis, and
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metabolite synthesis. Population studies have analyzed candidate genes, their SNPs, and
the relation with obesity traits. These SNPs—diet associations regulate food intake energy
balance, insulin signaling, inflammatory response, and pathways of lipid, lipoprotein, and
glucose metabolism.%495 The goal of these two sciences is to develop personalized dietary
interventions to prevent or treat diseases.

Toward Precision Medicine for Obesity: Major Obesity Precision Medicine

Initiatives

High-resolution biotechnologies have so far delivered information about a myriad of
biological variants that contribute to obesity development. In some instances, these variants
have helped with the identification of pathophysiologic processes involved in obesity and
therefore have become potential therapeutic targets to individualize obesity treatment.
Although there is a significant amount of relevant information about these variants, its
applicability to develop individualized therapeutic strategies for obesity remains limited.

Based on a deeper understanding on how some of these biological variants contribute to
obesity, researchers have been able to develop therapeutic approaches that can potentially
have a greater impact on obesity treatment outcomes compared with current standard of
care. Most of these approaches remain investigational at the moment. We summarize this
information below:

. Genetics. The recognition of the genes associated with the leptin-melanocortin
pathway has led to the development of the first gene-directed obesity treatments.
The use of recombinant leptin in children with leptin deficiency proves the
relevance and efficacy of this targeted therapy.%8 More recently, the MC4R
agonist (setmelanotide) has become a promising drug to treat hyperphagia
caused by POMC or LEPR deficiency.”98 In spite of such important advances,
pharmacologic treatment options for other genetic defects associated with
obesity are still lacking. Current data pave the way for future therapeutic
possibilities for precision medicine, especially for monogenic and syndromic
obesity.

. Nutrigenetics/Nutrigenomics. The aim of these sciences is to identify patients
who will benefit from genotype-based tailored dietary approaches. In this
context, researchers have developed customized weight loss strategies focused
on calorie-restricted diets based on gene—diet interactions. To date, most studies
incorporating genetic testing into dietary interventions have failed to demonstrate
a beneficial weight loss effect.9%-102 |n spite of this, there is currently an
increased availability of direct-to-consumer genetic testing offering suggestions
for personalized lifestyle intervention based on the presence of gene variants that
have been linked to obesity, its traits, and its interactions with diet. Although
attractive for individualized care, the clinical efficacy of these tests has not been
validated in the clinical trials that have been conducted to date.

. Pharmacogenetics. The ultimate goal of pharmacogenomics is to maximize the
efficiency and safety of an individual’s response to pharmacologic agents. Within
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this field, as described earlier, few genetic variants that affect the individual’s
susceptibility for antiobesity medications’ adverse effects and/or weight loss
response have been identified and could be used to maximize response to
treatment in clinical practice.88-91.103 Fyrthermore, in spite of the available
evidence on the effect of certain genetic variants on the predisposition to gain
weight with some medications, more research is needed to develop specific
guidelines.%2

. Microbiomics. The gut microbiota plays a crucial role in energy homeostasis and
feeding behavior. There is an association between obesity and specific changes
within its composition?6.78.81.104 Microbiota’s shifts between health and disease
could potentially be used to identify specific microbiome signatures. These
signatures can in turn be used to build statistical models to identify who is at
risk of a disease, who is at risk of disease progression and complications, and
could also be used to distinguish therapy responders from nonresponders.10°
Consequently, microbiota manipulation to foster the growth of “healthy” bacteria
has been proposed as a potentially valuable therapeutic approach to combat
obesity. Currently, possible clinical applications for microbiota manipulation
include diet, prebiotics, probiotics, and fecal matter transplant.

- Microbiota-based personalized nutrition may be designed by
identifying particular microbiota signatures and their associated
metabolic properties. Dietary macronutrient changes and/or
supplements lead to significant changes in the human gut microbiota.106
A low-carbohydrate diet, for example, results in reduced levels of
fecal butyrate-producing bacteria.197 Butyrate can contribute to food
intake and energy expenditure regulation by inducing GLP-1 and
PYY secretion.”> Microbiota’s changes through an optimal diet could
provide a practical approach for the treatment and prevention of obesity.
One limitation of this approach, however, is that in addition to food, the
gut microbiota’s composition is influenced by several other factors that
render it more complicated to assess its collective responsiveness and
clinical consequences.

- Prebiotics are nondigestible foods used by intestinal bacteria and
have the potential of beneficially affecting the host’s physiology.
Studies have shown promising clinical applications. For instance,
supplementation with oligofructose, an energy substrate for bacteria,
has been associated with increased satiety and decreased body weight in
the pediatric population.108-110

- Probiotics are living microorganisms that give a health advantage to
the host when delivered in appropriate quantities.111 Currently, there
is little information available on the efficacy and safety of probiotic
formulations. There are some data suggesting that a probiotic mixture
containing Lactobacillus, Lactococcus and Bifidobacterium, reduced
body weight, BMI, WC, and WHR.112
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- Fecal matter transplant has been used to treat patients with chronic
gastrointestinal and inflammatory bowel disorders.113 Despite the
absence of a healthy microbiome signature, interventions using lean
donor fecal matter transplant to recipients with metabolic syndrome
demonstrated short-term improvements in metabolic disorders.114
Nevertheless, few human studies have shown a definite beneficial long-
term effect on metabolic disorders.11°

. The applicability of other omics (i.e., epigenomics, transcriptomics, and
metabolomics) for individualizing obesity therapy relies on identifying
signatures that can predict disease progression, weight loss in response to
specific therapies, or improvement in comorbidities. Studies suggest that the
baseline epigenetic methylation patterns and metabolic parameters can predict a
significant proportion of weight loss variability after weight loss interventions
(diet modification and sleeve gastrectomy).57:116-118 Researchers have also used
subcutaneous adipose tissue to define a transcriptomics profile that may predict
glycemic outcomes after dietary interventions.6” Overall, the data from these
high-resolution biotechnologies could potentially provide a more in-depth view
of the disease’s course. However, additional validation studies will be needed to
consider any of these profiles’ specific biomarkers for obesity or use them as part
of predicting models.

. Phenotypes. The term “phenotype” refers to the observable characteristics of
an organism determined by gene expression and environmental influences upon
these genes.119 Ideally, phenotyping would lead to disease classification based
on genetic and molecular alterations, pathophysiologic changes, and clinical
features. This characterization would potentially enhance the predictability
of treatment response and overall improve clinical outcomes in the form of
precision medicine.120 Given the heterogeneity of obesity, current strategies
have mostly focused on clinical phenotyping. Clinical phenotyping aims to
identify unique patient quantitative traits based on pathophysiological and
behavioral changes associated with obesity. These quantitative traits can lead
to the discovery of clinical and molecular biomarkers that can, in turn, be used
to individualize obesity treatment and predict the response to treatment. From
our current understanding of food intake regulationl2! and the availability of
validated tests to measure biological biomarkers involved in energy balance,
researchers have so far identified the following quantitative traits: satiety
and satiation, gastric motility, behavioral factors, and gastric sensorimotor
features.122-124 Targeting therapy to reverse abnormalities in these quantitative
traits could potentially enhance the response to treatment. For instance, patients
with obesity and accelerated gastric emptying would benefit the most from
GLP-1 agonists as they slow down gastric emptying'25-128; and patients with
obesity and abnormal satiation would benefit the most from phentermine
topiramate.123 Proof-of-concept trials on pharmacotherapy and endoscopic
interventions suggest that this strategy could increase treatment success.129
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Conclusions

The traditional approach to treat obesity focuses on the assumption that “one size fits all.”
This current standard of care involves escalation of therapy from lifestyle interventions to
bariatric surgery based on BMI, and does not take into consideration the major heterogeneity
associated with this condition. As a result, we have observed underwhelming responses

to current antiobesity therapies. The lack of established therapeutic options for obesity,
paired with its rising prevalence, justifies the search for treatment approaches to complement
current strategies. Ideally, these new strategies would be best suited to individual patients for
enhanced effectiveness and tolerability via precision medicine.

Precision medicine incorporates the idea of tailored care allowing a better classification of a
disease with the overall goal of improving the efficiency of care by recognizing individual
variability. The principle of precision medicine is not new, but high-resolution technologies
based on “omics profiling,” has revolutionized its use. ‘Omics profiling has generated an
increasingly comprehensive knowledge of obesity’s etiology, development, and progression,
which can ultimately enable us to treat obesity, and any other disease, more effectively.

Precision medicine—based studies are paving the way for personalized treatment of obesity.
A better understanding of biological variants has facilitated the development of therapeutic
approaches that can potentially have a more significant impact on obesity treatment
outcomes. Nowadays, several of these methods remain investigational and their therapeutic
effectiveness is yet to be determined. While the use of multi-omics evidence has given a
more in-depth understanding of obesity progression, further confirmation trials are required
to consider or use some of these biomarkers for obesity as part of predictive models. The
overall goal is to fuse multi-omics data into precision medicine for obesity to optimize
therapeutic success.
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Fig. 1.
Precision medicine integrates the biomarker data from -omics, lifestyle, psychosocial, and

environmental factors.
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Fig. 2.
Multi-omics.
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