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ABSTRACT

Introduction: 
Obesity is a significant clinical problem worldwide, posing an increasing challenge for both physicians and patients each year. Its complications affect physical and mental health, as well as social and economic consequences. The disease exhibits remarkable heterogeneity, leading to diverse pathogenesis among individuals. Despite a growing selection of weight-reducing medications and increased awareness of the importance of a healthy lifestyle, the effectiveness of obesity therapy often remains insufficient. This raises the question of whether tailoring obesity pharmacotherapy to specific phenotypes and individual patient characteristics results in improved treatment outcomes.

Objective: 
To review literature on the effectiveness of obesity treatment based on the personalization of pharmacotherapy according to its underlying causes.

Current Knowledge: 
Currently, the early outcome of weight loss is closely linked to the long-term effectiveness of obesity pharmacotherapy. However, due to the diversity of obesity pathogenesis, it is not helpful in selecting therapy at the initiation of treatment. Specific characteristics are sought to indicate the appropriate drug during therapy planning.

In a U.S. study (Acosta et al., 2021), four obesity phenotypes were identified through relevant tests: "brain hunger," "intestinal hunger," "emotional hunger," and "slow burning." Subsequently, treatments were matched accordingly: phentermine with topiramate or lorcaserin, liraglutide, bupropion with naltrexone, and monotherapy with phentermine. The analysis results showed that phenotype-guided obesity pharmacotherapy resulted in clinically significant absolute weight loss of >10%, >15%, and >20% in 79%, 43%, and 30% of patients, respectively, after one year, compared to 35%, 17%, and 8% in the non-phenotyped group.

Other studies demonstrated that for very rare types of obesity dependent on specific genetic mutations, targeted treatment addressing these defects yielded the best therapeutic outcomes (recombinant human leptin therapy for patients with leptin gene mutation – Farooqi et al., 2002; setmelanotide therapy for individuals with proopiomelanocortin deficiency – Clément et al., 2020).

The impact of specific gene variants on therapeutic response should also be considered, leading to variability in treatment effects for different patients using the same drug.

Conclusion: 
The concept of basing therapy on obesity phenotypes may currently serve as a guide for treatment selection, although it still requires confirmation in randomized clinical trials. Individualizing the choice of pharmacotherapy must primarily be based on the comprehensive patient picture: their preferences, contraindications, or coexisting conditions, with consideration of depression and the influence of antidepressant medications on body weight.
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INTRODUCTION:
According to the World Health Organization (WHO), obesity and overweight, defined as the excessive accumulation of body fat, result from a prolonged positive energy balance (energy intake exceeds energy expenditure). Obesity has been recognized as a disease and is listed in the International Classification of Diseases. [1] A 2019 survey by the Center for Public Opinion Research indicated that 59% of Polish adults have excessive body weight, with 21% suffering from obesity. [2] It is considered a risk factor for many non-communicable chronic diseases, including type 2 diabetes, hypertension, dyslipidemia, atherosclerosis, chronic kidney disease, fertility disorders, degenerative joint disease, some malignancies, and more. It is associated with a reduced quality and shortened lifespan. [1, 3, 4] Organisation for Economic Cooperation and Development (2019) data suggest that the average life expectancy in Poland will be reduced by nearly 4 years by 2050 due to the increasing prevalence of obesity and overweight. [5]
Planning obesity therapy requires a holistic view of the patient, considering the disease stage, developed complications, patient engagement in the treatment process, and, most importantly, the cause of obesity, often rooted in emotional factors. Guidelines for obesity control define clinically significant weight loss as a reduction of at least 5% from baseline values, associated with improvements in cardiovascular and metabolic risk factors. [4, 6, 7] Long-term lifestyle changes have a low success rate, leading to the recommendation of pharmacotherapy for patients who do not achieve sufficient weight reduction through lifestyle interventions. [8] However, even if patients manage to significantly reduce body weight, about one-third, over half, and almost the entire population of individuals with obesity return to their initial body weight within a year, 2 years, and 5 years, respectively. [9] For this reason, most guidelines for obesity control strongly recommend pharmacotherapy for those patients who do not achieve sufficient weight loss through lifestyle-related interventions. [6, 9, 10]
METHODOLOGY:
Various scientific sources on both Polish and global obesity therapy realities were analyzed, with a focus on evaluating treatment effectiveness based on specific pathophysiological foundations of obesity.
CURRENT STATE OF KNOWLEDGE:

The Mayo Clinic Clinical Research Trials Unit Study [11, 12]

In a U.S. study conducted between 2017-2019, obesity phenotypes explaining the heterogeneity of therapeutic effects were identified based on the pathophysiology and behaviors of patients. Targeted phenotypic treatment resulted in a 1.75-fold greater weight loss after one year compared to the control group treated independently of the identified phenotype.
In the initial stage, 450 obese patients were classified into specific phenotypic groups through various tests:
· "Buffet test," determining the number of calories needed to achieve satiety in patients who initially did not feel hungry, verifying satiety disorders.
· Gastric emptying rate assessment.
· Emotional impact on eating behavior assessed through questionnaires (HADS, TFEQ-21).
· Calorimetric estimation of basal metabolic rate.
Based on test results, patients were assigned to four phenotypic groups:
· "Hungry brain" – buffet test > 894 kcal in women and > 1376 kcal in men.
· "Hungry gut" – gastric emptying rate < 101 min for women and < 86 min for men.
· "Emotional hunger" – HADS score ≥7 points for anxiety in both sexes.
· "Slow metabolism" – basal metabolic rate < 96% of the norm for women and 94% for men.
The frequency of each phenotype was as follows: "hungry brain" - 32%, "hungry gut" - 32%, "emotional hunger" - 21%, "slow metabolism" - 21%, and unidentified phenotype - 15%. 27% of patients had at least two coexisting phenotypes.
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Figure 1. Distribution of participants based on pathophysiological phenotypes in 450 patients with obesity (BMI > 30 kg/m2). [12]
In the next stage, the study investigated whether targeted therapy influenced therapeutic outcomes. 84 patients were assigned to the study group, where treatment was tailored to the obesity phenotype, and 228 to the control group. Pharmacotherapy was then matched accordingly:
a. "Hungry brain" – phentermine with topiramate or lorcaserin (not available in Poland).
b. "Hungry gut" – liraglutide.
c. "Emotional hunger" – bupropion with naltrexone.
d. "Slow metabolism" – phentermine.
If patients had more than one matched phenotype, treatment was selected based on the dominant phenotype. In the non-phenotyped group, drugs were chosen based on factors such as adverse event profile, glycemic control, patient preferences, or previous successful treatment attempts with the same drug. [12]
The study's conclusions were as follows: phenotype-guided obesity pharmacotherapy resulted in clinically significant absolute weight loss of >10%, >15%, and >20% in 79%, 43%, and 30% of patients after one year, respectively, compared to 35%, 17%, and 8% in the non-phenotyped group. The failure rate, defined as less than 5% total body weight loss, was 2% in the study group and 26% in the control group. [12]
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Figure 2. PG pharmacotherapy for obesity management improves weight loss outcomes. (A) Percentage of patients achieving levels of weight loss after 1 year of either non‐PG (n = 228) or PG (n = 84) treatment. (B) The average percentage of total body weight loss from BSL in non‐PG (red circles) and PG (blue squares) treatment at 3, 6, and 12 months. **P < 0.01, ***P < 0.001. BSL, baseline; PG, phenotype guided. [12]
These results await confirmation in randomized clinical trials. Technological progress is expected to deepen the phenotypic characterization, potentially leading to more precise treatment customization for individual patients to maximize effectiveness and minimize adverse effects. [13]
Individualization of Monogenic Obesity Therapy

The best example of obesity therapy personalization is the treatment of monogenic obesity syndromes. [13, 14, 15]
In patients with leptin deficiency due to a mutation in the leptin gene, recombinant human leptin therapy results in reduced hyperphagia, body weight, and restoration of endocrine function. [16, 17]
Setmelanotide, a selective melanocortin 4 receptor (MC4R) agonist, acts as a substitute for the absent melanocyte-stimulating hormone (MSH) in patients with proopiomelanocortin (POMC) deficiency caused by mutations in the POMC or PCSK1 genes and in patients with mutations in the leptin receptor (LEPR), essential for POMC function. In clinical trials, setmelanotide therapy resulted in significant reduction in hunger and weight loss of ≥10% after 1 year of treatment in 80% of individuals with POMC deficiency and 45% of individuals with LEPR deficiency. [18, 19]
It is estimated that in the USA, more than 12,800 people have mutations causing loss of function in the melanocortin pathway. For these patients, setmelanotide therapy may be more effective in weight loss than any other treatment method. [20]

Pharmacogenomics

For obesity drugs, several studies indicate that treatment response is associated with different gene variants. [15] GLP-1 receptor gene variants conditioned heterogeneity in the effects of liraglutide treatment on weight loss and gastric emptying. [21, 22] Meanwhile, the insulin receptor gene (INSR) variant was linked to the effectiveness of topiramate therapy. [23]

Comprehensive Patient Evaluation

Other clinically relevant issues include the patient's overall phenotype (e.g., medical and psychosocial history, concurrent medications or preferences) and drug characteristics (e.g., adverse event profile, mode of administration). Contraindications to using naltrexone-bupropion, for example, include a history of epilepsy or bipolar disorder; previous pancreatitis or needle phobia makes liraglutide, semaglutide, and tirzepatide not first-line drugs; uncontrolled hypertension prevents the use of phentermine, phentermine-topiramate, and naltrexone-bupropion. [13]

Antidepressant Treatment and Obesity

Depression often coexists with obesity. [24, 25, 26, 27, 28] A meta-analysis covering 8 clinical trials [24] showed a bidirectional relationship between depression and obesity. It was found that in individuals with obesity, the risk of developing depression over time increases by 55%, while in patients with depression, the risk of obesity is increased by 58%. [24, 25] Therefore, attention should be paid to the impact of the most commonly prescribed antidepressant drugs on carbohydrate and fat metabolism. In a meta-analysis conducted by Alessandro Serretti and colleagues, amitriptyline, mirtazapine, and paroxetine were associated with a higher risk of weight gain. [28, 29] Fluoxetine and bupropion, on the other hand, led to some weight loss, although the effect of fluoxetine was limited to the initial phase of treatment. [29] In contrast, sertraline, citalopram, and escitalopram seem to have an insignificant impact on body weight. [29, 30]




CONCLUSIONS:

The presented studies and analyses demonstrate that targeted obesity therapy results in much better clinical outcomes than non-targeted treatment. This applies to both rare forms of this condition, such as monogenic cases, and common variants in the population. While obesity phenotyping should be deepened in further studies, the known facts can already significantly facilitate a physician's choice of appropriate pharmacotherapy.
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