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Purpose: Anti-obesity medications (AOMs), along with lifestyle interventions, are effective means of inducing and maintaining 
weight loss in patients with obesity. Although the efficacy of AOMs has been reported, there have been no direct comparisons of these 
drugs. Therefore, in the present study, we aimed to compare the efficacy of all the AOMs available in Korea in a real-world setting.
Patients and Methods: The body weight and composition of 205 adults treated with phentermine, phentermine/topiramate, 
liraglutide, naltrexone/bupropion, lorcaserin, or orlistat for at least 6 months were analyzed at 2 month intervals. The prevalence of 
the achievement of a ≥5% weight loss and the changes in body composition were compared between participants using each AOM at 
each visit.
Results: A total of 132 (64.4%) participants achieved ≥5% weight loss within 6 months (prevalence of ≥5% weight loss after 6 
months: phentermine, 87.2%; phentermine/topiramate, 67.7%; liraglutide, 58.1%; naltrexone/bupropion, 35.3%; lorcaserin, 75%; 
orlistat, 50%). At each visit, after adjustment for age, sex, and baseline body weight, phentermine use was associated with 
a significantly higher prevalence of ≥5% weight loss than the use of the other AOMs, except for liraglutide. There were significant 
differences in the body weight, body mass index and body fat mass among the AOM groups by visit (P for interaction <0.05), but not 
in their waist circumference, skeletal muscle mass, percentage body fat, or visceral fat area.
Conclusion: All the AOMs were effective at inducing and maintaining weight loss, in the absence of significant changes in muscle 
mass, over a 6 month period, and the short-term use of phentermine and the long-term use of phentermine/topiramate or liraglutide 
would be practical choices for the treatment of obesity. However, further, large-scale studies are necessary to confirm these findings.
Keywords: anti-obesity medication, body composition, weight loss, body weight maintenance, obesity

Introduction
Obesity is a chronic condition that predisposes toward and exacerbates a range of diseases, including type 2 diabetes 
mellitus, cardiovascular disease, stroke, peripheral vascular disease, sleep apnea, fatty liver disease, osteoarthritis, 
infertility, depression, anxiety, and types of cancer.1 Decades have passed since the World Health Organization 
(WHO) defined obesity as the “new epidemic of the 21st century” and emphasized that obesity should be managed as 
a chronic disease.2 However, the number of people with obesity continues to increase worldwide,3 and South Korea is no 
exception. In Korea, the prevalence of obesity significantly increased by 1.18-fold over the decade from 2009, from 
32.6% to 38.5%, using a definition of a body mass index (BMI) ≥ 25 kg/m2, in accordance with the Asia-Pacific World 
Health Organization (WHO) criteria.4,5 Obesity not only represents a health problem for individuals, but also 
a substantial public health issue and economic burden. Therefore, it is essential to identify effective treatments.

A loss of body weight of 3–5% has been shown to reduce blood glucose concentration, improve quality of life, and 
reduce the risk of cardiovascular disease; and a 5–10% weight loss over 6 months has been recommended as an initial 
goal to achieve health benefits.6,7 Lifestyle interventions, including dietary, exercise, and behavioral modifications, are 
the key methods of achieving weight loss. In addition, pharmacologic interventions should be considered for patients 
living with obesity or those who are overweight with obesity-related comorbidities, particularly if they are unable to 
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achieve weight loss through lifestyle interventions alone.8 Weight loss and long-term weight maintenance are essential 
for the successful treatment of obesity. However, it has been reported that approximately 80% of people who achieve 
a weight loss of ≥10% are not successful at maintaining their weight loss over a period of 1 year.9 Interestingly, a meta- 
analysis showed no difference in the maintenance of weight loss between a group that lost weight through diet and 
exercise, and another group that was administered pharmacologic treatment alongside these until 6 months had passed 
since the initial weight loss. However, after 24 months, the weight loss was better maintained in the latter group.10

In response to weight loss and a reduction in total energy intake, metabolic adaptation occurs, with an increase in the 
secretion of appetite-stimulating hormones and a decrease in the secretion of appetite-suppressing hormones, resulting in 
lower basal metabolic rate (BMR) and a tendency toward weight regain.11 Therefore, the aims of the treatment of obesity 
should be to reduce body fat mass (BFM) but not fat-free mass (FFM), to minimize this reduction in BMR and prevent 
weight regain.12 To this end, it is important to carefully monitor changes in body composition, to provide treatment that is 
tailored to the change in weight loss in each patient, to manage their comorbidities, and to adopt strategies for the long- 
term maintenance of the weight loss.

A few studies have investigated the effectiveness of Anti-Obesity Medications (AOMs) in real-world settings. 
However, direct comparisons of the efficacies of these medications within Korean populations have yet to be conducted. 
Therefore, in the present study, we aimed to compare the effects of all the AOMs available in Korea in patients who 
underwent treatment for their obesity, to identify which are effective for long-term weight loss in such patients.

Materials and Methods
Participants and Methods
Obesity and overweight were defined according to the Asia-Pacific WHO criteria, using a BMI of ≥25.0 kg/m2 for obesity and 
23.0–24.9 kg/m2 for overweight.4 We enrolled adults aged 19–65 years who had obesity or overweight with obesity-related 
comorbidities, who were prescribed AOMs by two family medicine specialists at the obesity clinics of Kyungpook National 
University Hospital and Kyungpook National University Chilgok Hospital between March 2015 and December 2020. This 
retrospective study was approved by the Institutional Review Board of Kyungpook National University Chilgok Hospital 
(protocol no. KNUCH 2021–08-047). Considering the retrospective design of the current study and determining that a waiver 
of informed consent would not compromise the rights and welfare of the subjects, the institutional ethics committee approved 
the waiver of the requirement for informed consent. To ensure the anonymity and confidentiality of patients’ data, only data 
essential to the study was extracted from medical records, access to the data was restricted, and identifiers were eliminated. 
This study was conducted in accordance with the principles outlined in the Declaration of Helsinki.

We retrospectively reviewed the medical records of patients who were administered a single AOM for at least 6 
months, and underwent weight measurement and a complete body composition analysis during their first visit. Clinical 
data were collected at the 2 month (8 ± 2 weeks), 4 month (16 ± 2 weeks), and 6 month (24 ± 2 weeks) time points during 
the administration of the medications.

The exclusion criteria were as follows: i) gastrointestinal surgery, including bariatric surgery before or during the 
period of medication; ii) use of AOMs, herbal medicines, or supplementary medicines that could have affected body 
weight within the preceding 3 months; iii) malignancy detected within the year prior to the commencement of 
medication; iv) failure to take medications regularly, owing to serious adverse reactions, poor compliance, or hospital 
visits; v) a change in the AOM administered or the use of a combination of AOMs; vi) insufficient data regarding body 
weight and body composition at the start of the period of medication and 2, 4, and 6 months following the commence-
ment; vii) serious cardiovascular disease, including angina pectoris, myocardial infarction, heart failure, transient 
ischemic attack, and ischemic stroke, within the preceding year; and viii) unintentional loss of ≥5% of basal body 
weight within the 3 months prior to a hospital visit.

Anti-Obesity Medications
The six AOMs available in Korea, phentermine, phentermine/topiramate, liraglutide, naltrexone/bupropion, lorcaserin, 
and orlistat, were compared. In 2023, all six AOMs were approved in Korea for the treatment of obesity, with the 
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exception of lorcaserin, which was used between February 2015 and February 2020, but was withdrawn by the Food and 
Drug Administration (FDA) because of an associated increase in the risk of developing tumors.

The physicians in the obesity clinics had selected an AOM to administer to each participant on the basis of the results of 
laboratory testing (liver enzymes, indices of kidney function, and thyroid hormone concentrations), their underlying diseases, 
their history of medication, their family history, their dietary habits and lifestyle, and their individual preferences. The dose of 
each AOM was gradually and individually adjusted according to the participant’s baseline body weight, their response to the 
medication, any adverse reactions, safety, affordability, and the participant’s preferences, starting from the lowest dose, and 
increasing the dose until the patient achieved a significant weight-loss effect without any discomfort. The maximum dose for 
each AOM was as follows: phentermine 37.5 mg/day, phentermine/topiramate 15/92 mg/day, liraglutide 3 mg/day, 
naltrexone/bupropion 32/360 mg/day, lorcaserin 20 mg/day, and orlistat 360 mg/day.

Lifestyle Interventions
The physicians in the obesity clinics prescribed a high-intensity lifestyle intervention that comprised dietary, exercise, 
and behavioral modifications for all of the participants at each visit. The dietary intervention consisted of a well- 
balanced, low-calorie diet comprising 55–60% carbohydrates, 15–20% protein, and 20–25% fat. An intake of 1.2–1.5 
g protein per kg of body weight was recommended to minimize the loss of fat-free mass.13–16 In addition, a reduction in 
calorie intake of approximately 500–1000 kcal/day from the recommended energy requirements (1200–1500 kcal/day for 
women and 1500–1800 kcal/day for men) was stipulated.6 Counseling regarding the most appropriate diet for weight loss 
was conducted by a nutritionist following a request by a participant or physician. Both aerobic and anaerobic exercises 
were strongly recommended to each of the participants. The performance of moderate-intensity aerobic exercise for 30– 
50 min spread over 3–5 times/week and resistance exercise 2–3 times/week was recommended. For patients with 
musculoskeletal disease or disability, a consultation with a rehabilitation medicine specialist was conducted to devise 
an appropriate exercise regimen. In addition to exercise, participants were also encouraged to increase their daily non- 
exercise physical activity, such as by choosing to walk instead of driving, parking cars further away from their 
destination, using a pedometer, engaging in household activities that involve movement, playing with pets, dancing, 
and window-shopping. A reduction in sitting time was also recommended as an effective way of increasing non-exercise 
physical activity; for example, by standing while working, using a standing desk or adjustable desk converter, taking 
regular breaks, and using stairs instead of elevators.

Demographic Characteristics
The medical history of the participants connected with their first visit was obtained through a review of medical 
records. The presence of underlying comorbidities, such as hypertension, diabetes, dyslipidemia, psychiatric 
disorders, thyroid disease, sleep apnea, fatty liver disease, obesity-related arthritis, and gout; any pre-existing 
medication; smoking status; alcohol consumption; and exercise status were recorded. Those with underlying 
comorbidities were defined as those who had been previously diagnosed with such a condition or who were 
taking appropriate medication. The alcohol consumption of each participant per week was calculated using the 
number of standard drinks consumed of 14 g alcohol. Those who consumed more than the recommended 
maximum (eight drinks/week for men and four drinks/week for women) were classified as drinkers, and those 
who drank less than the recommended maximum were classified as non-drinkers.17 Current smoking is defined as 
the use of tobacco products and associated substances, including cigarettes, cigars, pipes, and e-cigarettes. Regular 
exercise was defined as moderate-to-high intensity exercise performed for ≥ 150 minutes per week.18

Measurement of Obesity-Related Parameters
At the beginning of the treatment period and during each visit, the height and body weight of each participant were 
measured using an automatic height-weight scale (GL-150RP, G-Tech International, Gyeonggi-do, Korea). BMI was 
calculated by dividing the body weight (kg) of the participants by the square of their height (m). Height was measured 
with the back and heels of the participant against the wall and their feet 60° apart, while they took a deep breath. Waist 
circumference (WC) was measured twice at the midpoint between the top of the iliac crest and the bottom of the lowest 
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rib, while the participant was standing with their feet 25–30 cm apart and exhaling normally, and the mean value was 
used in subsequent analyses.

The body composition of the participants was analyzed with an Inbody 770 (Inbody, Seoul, Korea) using the 
bioelectric impedance analysis (BIA) method. Tactile electrodes were placed at eight precise points on the body and 
weak alternating currents of six different frequencies (1, 5, 50, 250, 500, and 1000 kHz) were sent to the limbs. The 
generated impedance was used in the subsequent analyses. According to the manufacturer’s instructions, and to reduce 
the error caused by the amount of water in the body, the use of alcohol or diuretics was avoided prior to this procedure, 
and beverages were not consumed during the hour immediately preceding the assessment. The measurement was 
performed while the participant was standing barefoot, wearing light clothing, and maintaining the recommended 
posture. Skeletal muscle mass (SMM), body fat mass (BFM), percentage body fat (PBF), and visceral fat area (VFA) 
were determined. The values of these parameters at the start of the intervention, and after 2, 4, and 6 months of the 
intervention were compared for each AOM.

Primary and Secondary Outcomes
The primary outcome of the study was the achievement of a weight loss of ≥5% within 6 months of starting the 
administration of each AOM. The secondary outcomes were the achievement of a weight loss of ≥10% within 6 months, 
and the changes in body weight, WC, and body composition (SMM, BFM, PBF, and VFA).

Statistical Analysis
Pearson’s chi-square test, Fisher’s exact test (categorical data), and Kruskal–Wallis test (continuous data) were used to 
compare the general characteristics of each AOM group. Logistic regression, adjusted for age, sex, and baseline body 
weight, was performed to compare the prevalence of the achievement of a weight loss of ≥5% at each time point during 
the administration of each AOM. In addition, repeated-measures ANOVA, adjusted for age, sex, and baseline body 
weight, was used to compare obesity-related parameters at each time point, and post-hoc testing was performed using the 
Bonferroni method. Statistical significance was accepted at p ˂ 0.05, and all statistical analyses were performed using 
SPSS version 25.0 (IBM Inc., Armonk, NY, USA).

Results
General Characteristics of the Participants
Of the 615 individuals who were prescribed an AOM within the study period, 410 were excluded because they fulfilled 
one of the exclusion criteria (209 who were lost to follow-up within 6 months, 95 who did not take their medication 
regularly, 32 who changed to another AOM or were administered another combination of AOMs, 28 who underwent 
gastrointestinal surgery, and 46 for other reasons); therefore, the remaining 205 were selected as participants (Figure 1).

The mean age of the 205 participants was 39.3 years and 71.2% were female. Their mean BMI was 34.6 ± 7.98 kg/ 
m2, indicative of morbid obesity. Phentermine was administered to 39 (19.0%) participants, phentermine/topiramate to 51 
(24.9%), liraglutide to 62 (30.2%), naltrexone/bupropion to 17 (8.3%), lorcaserin to 24 (11.7%), and orlistat to 12 (5.9%). 
There were significant differences in the age, baseline body weight, BMI, WC, SMM, BFM, PBF, and VFA of the 
participants among the AOM groups.

The phentermine group had the lowest mean age (34.00 ± 10.35 years) and the phentermine/topiramate group had the 
highest mean age (42.47 ± 12.64 years). The phentermine group had the highest BMI (38.84 ± 9.16 kg/m2) and the 
orlistat group had the lowest BMI (32.74 ± 8.74 kg/m2). The phentermine group had the largest WC (116.54 ± 18.68 cm) 
and the liraglutide group had the smallest WC (103.97 ± 16.39 cm). In addition, the phentermine group had the highest 
baseline body weight, BFM, PBF, and VFA, and the lorcaserin group had the highest SMM, followed by the phentermine 
group. The liraglutide group had the lowest SMM (27.22 ± 6.66 kg). There were no significant differences in other 
demographic characteristics of the participants in the AOM groups, including in the prevalence of their comorbidities 
(Table 1).
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Primary Outcome: Prevalence of the Achievement of a Weight Loss of ≥5%
A total of 132 (64.4%) of the 205 participants achieved a weight loss of ≥5% during the 6 month study period. The 
prevalence of a weight loss of ≥5% from baseline was 87.2% for the phentermine group, 75% for the lorcaserin group, 

Figure 1 Study Enrolment. Inclusion and exclusion process.

Table 1 Characteristics of the Enrolled Patients Before They Commenced the Use of Anti-Obesity Medication

Phentermine  
(n = 39)

Phentermine/ 
Topiramate  

(n = 51)

Liraglutide  
(n = 62)

Naltrexone/ 
Bupropion  

(n = 17)

Lorcaserin  
(n = 24)

Orlistat  
(n = 12)

P value*

Age (years) 34.0 ± 10.4 42.5 ± 12.6 38.7 ± 13.9 41.6 ± 13.6 41.5 ± 9.4 38.6 ± 12.7 0.035

Female 26 (66.7) 38 (74.5) 47 (75.8) 14 (82.4) 13 (54.2) 8 (66.7) 0.321

Height (cm) 166.5 ± 10.1 164.4 ± 10.1 161.9 ± 8.5 163.8 ± 6.9 166.8 ± 9.9 165.1 ± 8.1 0.133

Body weight (kg) 108.5 ± 30.6 93.42 ± 26.03 87.5 ± 22.0 91.0 ± 19.3 94.9 ± 31.4 91.2 ± 34.8 0.015

Body mass index (kg/m2) 38.8 ± 9.2 34.3 ± 7.9 33.1 ± 6.7 33.9 ± 7.2 33.4 ± 7.6 32.7 ± 8.7 0.018

Waist circumference (cm) 116.5 ± 18.7 107.2 ± 17.1 104.0 ± 16.4 106.1 ± 13.1 105.7 ± 18.0 105.6 ± 20.6 0.029

Skeletal muscle mass (kg) 34.6 ± 11.0 30.6 ± 10.9 27.2 ± 6.7 30.2 ± 9.8 36.4 ± 13.6 33.6 ± 15.4 0.001

Body fat mass (kg) 49.4 ± 18.0 39.5 ± 15.3 37.7 ± 13.4 38.6 ± 8.3 38.3 ± 17.0 37.3 ± 17.9 0.006

Percentage body fat 44.8 ± 6.6 41.5 ± 7.6 42.5 ± 6.9 43.0 ± 4.6 39.8 ± 5.0 40.2 ± 5.0 0.041

Visceral fat area (cm2) 211.1 ± 58.7 179.3 ± 56.9 177.3 ± 53.9 186.5 ± 37.2 163.5 ± 47.6 171.0 ± 49.3 0.013

Hypertension 20 (51.3) 17 (33.3) 19 (30.6) 5 (29.4) 6 (25) 5 (41.7) 0.249

Type 2 diabetes 6 (15.4) 13 (25.5) 10 (16.1) 0 (0) 4 (16.7) 2 (16.7) 0.424†

Dyslipidemia 10 (25.6) 16 (31.4) 17 (27.4) 4 (23.5) 7 (29.2) 4 (33.3) 0.980

Psychiatric disorders 7 (17.9) 4 (7.8) 16 (25.8) 2 (11.8) 2 (8.3) 2 (16.7) 0.690†

Thyroid disease 1 (11.8) 5 (9.8) 7 (11.3) 2 (11.8) 4 (16.7) 1 (8.3) 0.230†

Sleep apnea 10 (25.6) 14 (27.5) 7 (11.3) 1 (5.9) 1 (4.2) 1 (8.3) 0.392†

Fatty liver 10 (25.6) 22 (43.1) 14 (22.6) 5 (29.4) 12 (50.0) 5 (41.7) 0.076

Arthropathy 12 (30.8) 18 (35.3) 21 (33.9) 6 (35.3) 9 (37.5) 5 (41.7) 0.986

Gout 2 (5.1) 4 (7.8) 3 (4.8) 0 (0) 3 (12.5) 0 (0) 0.127†

Alcohol consumer‡ 14 (35.9) 18 (35.3) 17 (27.4) 2 (11.8) 6 (25.0) 6 (50.0) 0.249

Current smoker 9 (23.1) 10 (19.6) 11 (17.7) 2 (11.8) 5 (20.8) 3 (25.0) 0.876†

Regular exercise 19 (48.7) 26 (51.0) 42 (67.7) 12 (70.6) 19 (79.2) 8 (66.7) 0.076

Notes: Data are presented as mean ± standard deviation or number of patients (%). *Pearson’s chi-square test for discrete variables and Kruskal–Wallis test for continuous 
variables. †Fisher’s exact test. ‡Participants who consumed ≥8 drinks/week (men) or ≥4 drinks/week (women) (1 drink =14 g of alcohol).
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67.7% for the phentermine/topiramate group, 58.1% for the liraglutide group, 50% for the orlistat group, and 35.3% for 
the naltrexone/bupropion group (P = 0.002) (Figure 2).

The odds ratios (ORs) of a weight loss of ≥5% for each AOM group were calculated at each time point during the 
intervention period, with the phentermine group being used as the reference, after adjustment for age, sex, and baseline 
body weight. Two months after the start of the intervention, the OR for the lorcaserin group was 0.228 (95% confidence 
interval [CI], 0.090–0.579) and the OR for the orlistat group was 0.328 (95% CI, 0.130–0.831), which implies that early 
after the initiation of the AOMs, less marked weight loss was associated with lorcaserin and orlistat administration than 
with phentermine administration. At the 4 month time point, the OR of the naltrexone/bupropion group was 0.178 (95% 
CI, 0.047–0.671) vs the phentermine group, but none of the other AOMs generated significantly different results. At the 6 
month time point, the ORs for each AOM group, compared with the phentermine group, were as follows: phentermine/ 
topiramate, 0.159 (95% CI, 0.036–0.70); naltrexone/bupropion, 0.089 (95% CI, 0.022–0.355); lorcaserin, 0.221 (95% CI, 
0.074–0.661); and orlistat, 0.281 (95% CI, 0.092–0.863). The liraglutide group did not significantly differ in the weight 
loss it induced from the phentermine group at any of the time points assessed (Table 2).

Secondary Outcomes: Prevalence of the Achievement of a Weight loss of ≥10% and 
the Changes in Body Composition
A total of 62 participants (30.2%) had lost >10% of their baseline body weight after 6 months of AOM: 56.4% of the 
phentermine group, 35.3% of the phentermine/topiramate group, 33.3% of the lorcaserin group, 25% of the orlistat 
group, 14.2% of the liraglutide group, and 11.8% of the naltrexone/bupropion group (P <0.001) (Figure 3).

The changes in body weight, BMI, WC, and body composition at 2 month intervals from the start of the intervention 
were compared across the AOM groups after adjustment for age, sex, and baseline body weight. There were significant 
differences in the body weight (kg, %), BMI and BFM of the AOM groups at each time point following the initiation of 
treatment (P for interaction <0.05). However, there were no significant differences in WC, SMM, PBF or VFA between 
the AOM groups (Figure 4).

Figure 2 Prevalences of the achievement of ≥5% weight loss during 6 months of administering anti-obesity medications. 
Notes: Pearson’s Chi-square test and Bonferroni correction for multiple comparisons. ** P < 0.01.
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Discussion
Obesity is associated with a wide range of diseases, poor quality of life, and an increase in overall mortality, both direct and 
indirect.1,19 The management of obesity should be comprehensive and continuous to facilitate both weight loss and maintenance. 
The management of obesity involves a combination of lifestyle change, behavioral modification, and medical intervention. 
Lifestyle management is fundamental and should be prioritized,8 but it is challenging to adhere to intensive lifestyle interventions 
for a prolonged period of time. Indeed, most patients with obesity fail to achieve significant weight loss using lifestyle 
interventions alone.20 Even after significant weight loss, approximately one-third and >80% of patients regain their lost weight 
after 1 and 5 years, respectively.21 However, the use of a pharmacological treatment alongside dietary/lifestyle interventions is 
associated with superior weight loss and longer weight maintenance than lifestyle interventions alone.10,22

Despite the proven efficacy of AOMs in several studies, there is a lack of direct, head-to-head comparisons of their 
effectiveness. Additional clinical outcomes derived from comparing the efficacy of AOMs using real-world data remain 
valuable. They contribute to our understanding of the drugs’ utility and are beneficial for clinical decision-making in 

Figure 3 Prevalences of the achievement of ≥10% weight loss during 6 months of administering anti-obesity medications. 
Notes: Pearson’s Chi-square test and Bonferroni correction for multiple comparisons. ** P < 0.01.

Table 2 Adjusted Odds Ratio for the Achievement of a ≥ 5% Weight Loss at Each Visit

Phentermine Phentermine/ 
Topiramate

Liraglutide Naltrexone/ 
Bupropion

Lorcaserin Orlistat

Odds ratio (95% Confidence Interval)

5% Weight loss after 2 months Reference 0.335  
(0.076−1.473)

0.970  
(0.330−2.849)

0.283  
(0.076−1.053)

0.228  
(0.090−0.579)

0.328  
(0.130−0.831)

5% Weight loss after 4 months Reference 0.638  

(0.164−2.480)

1.780  

(0.558−5.676)

0.178  

(0.047−0.671)

0.539  

(0.224−1.296)

0.761  

(0.307−1.884)
5% Weight loss after 6 months Reference 0.159  

(0.036−0.709)

0.503  

(0.131−1.941)

0.089  

(0.022−0.355)

0.221  

(0.074−0.661)

0.281  

(0.092−0.863)

Notes: The logistic regression analysis was adjusted for age, sex, and baseline body weight.
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obesity treatment, as they offer a more comprehensive view of clinical outcomes.23 In the present study, we compared the 
efficacy of six AOMs (phentermine, phentermine/topiramate, liraglutide, naltrexone/bupropion, lorcaserin, and orlistat) 
in a real-world clinical setting in 205 patients. After 6 months of using AOMs, 132 (64.4%) had achieved a loss of ≥5% 

Figure 4 Indices of obesity associated with the use of each anti-obesity medication at each visit. 
Notes: Changes in (A) Weight (kg), (B) Weight (%), (C) Body mass index (kg/m2), (D) Waist circumference,6 (E) Skeletal muscle mass (kg), (F) Body fat mass (kg), 
(G) Percentage body fat (%), and (H) Visceral fat area (cm2) were compared using repeated-measures ANOVA, adjusted for age, sex, and baseline body weight. The 
Bonferroni method was used for post-hoc analysis. Data are presented as estimated mean ± standard error. * P <0.05 and ** P <0.001 on post-hoc analysis.
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of baseline body weight, and 30.2% had achieved a weight loss of ≥10%. The prevalence of the maintenance of losses of 
≥5% and ≥10% of baseline body weight differed between the AOM groups, with phentermine being associated with the 
highest prevalence. At all of the assessed time points during the 6 month study period, the use of phentermine was 
significantly more likely to result in successful weight loss than the other AOMs, with the exception of liraglutide.

For the AOMs used in this study, the overall prevalence of the achievement of a weight loss of ≥5% 6 months after the 
commencement of therapy was >35%. This is consistent with the target for a loss of ≥5% body weight of >35% of treated 
patients, which is one of the criteria used to evaluate the efficacy of AOMs by the FDA.24 All six AOMs used in the present 
study met this standard, even though the study period was shorter than the recommended length of randomized controlled 
trials. The FDA guidelines state that the efficacy of AOMs should be assessed ≥1 year after the start of the intervention, and 
although the treatment period evaluated in this retrospective study was relatively short, it is meaningful that we were able to 
analyze the results of 6 months of treatment in a real-world clinical setting, despite the high dropout rate associated with the 
use of AOMs. Indeed, it is very difficult to maintain the treatment of patients with obesity over a long period of time: 50–70% 
of patients have been shown to drop out or be lost to follow-up in studies conducted in real-world outpatient settings.25–27 

Because obesity is a chronic disease, physicians in obesity clinics should aim to pursue long-term therapy, taking into account 
the socioeconomic status, psychological status, obesity status, and comorbidities of patients to achieve significant effects.

The primary outcome of the study was the prevalence of the achievement of a weight loss of ≥5% of baseline body 
weight. The phentermine group showed superior weight loss to the other AOMs after 2, 4, and 6 months of treatment. 
Phentermine is a sympathomimetic amine that was approved by the FDA in 1959 for short-term (≤12 weeks) weight 
management. It suppresses appetite by activating POMC neurons in the arcuate nucleus, which release neurotransmitters 
such as norepinephrine, dopamine, and serotonin.28,29 It has been prescribed off-label for more than 12 weeks in clinical 
settings, owing to its low cost and significant weight-loss effect.29–31 In a previous study conducted in Mexico, 86.5% of 
the participants who were treated with phentermine 30 mg achieved a weight loss of ≥5%, and 41.1% achieved a weight 
loss of ≥10%.32 Another study in the USA indicated that long-term phentermine monotherapy resulted in significantly 
greater weight loss than non-phentermine treatment (−10.2% vs −4.1% after 156 weeks), without any changes in blood 
pressure or heart rate.33 An additional study in the USA using electronic health record data also demonstrated that long- 
term continuous (>12 months) phentermine users lost 7.4% more weight than short-term single-episode users 24 months 
after initiating phentermine.34 For these reasons, phentermine was likely chosen for patients with morbid obesity to 
increase the likelihood of achieving substantial weight loss and maintaining it. In the present study, participants who used 
phentermine for 6 months had the highest body weight of the various AOM groups, with a mean BMI of 38.8 kg/m2. 
Moreover, the phentermine group was significantly younger and had higher WC, BFM, PBF, and VFA than the other 
groups, necessitating more substantial weight loss, and similar results were obtained in the present study: participants 
taking phentermine lost 10.2% of baseline body weight, with 87.2% achieving a weight loss of ≥5%. These effects were 
significantly better than those observed with the other AOMs at all assessed time points.

The FDA and the Korean Ministry of Food and Drug Safety (MFDS) approved the short-term (≤12 weeks) use of 
phentermine for weight management as an adjunct to lifestyle interventions.28,35 Despite previous studies indicating no 
increased risk of cardiovascular disease with long-term phentermine use,32–34 the MFDS guidelines, published in August 2020 
under the title “Standard for Safe Use of Medical Narcotic Appetite Suppressants”, stipulated that the total usage duration 
should not exceed 12 weeks due to potential side effects.35,36 Notably, this study involves the prescription of phentermine for 
periods exceeding 12 weeks, predating the issuance of the MFDS guidelines. Importantly, participants using phentermine for 
extended periods were intentionally included to analyze the real-world clinical effects of the AOMs. Furthermore, participants 
in the phentermine group did not use other psychotropic drugs or appetite suppressants concurrently. They underwent close 
monitoring by specialists every 2–4 weeks, and no significant adverse effects were reported throughout the study period. 
Nonetheless, it is important not to dismiss concerns associated with the long-term use of phentermine. Caution should be taken 
when prescribing this drug, especially to individuals at an elevated risk of substance abuse.

A network meta-analysis study of the differences in the effects of AOMs (orlistat, lorcaserin, naltrexone/bupropion, 
phentermine/topiramate, and liraglutide) over a long period of time showed that the efficacy of phentermine/topiramate 
and liraglutide were highest in terms of weight loss,37 which is not consistent with the results of the present study. In the 
present study, the efficacy of the drugs following phentermine was in the order lorcaserin, phentermine/topiramate, and 
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liraglutide. However, after adjustment for age, sex, and baseline body weight, it was liraglutide, orlistat, and then 
lorcaserin, but without any significant differences in the prevalence of the achievement of ≥5% weight loss over 6 
months. Possible explanations for these inconsistent findings are as follows. First, the number of participants in each 
AOM group was small, reducing the statistical power of the study. Second, even though covariates were adjusted for, the 
characteristics of each AOM group varied. The phentermine/topiramate group was the oldest group, and the liraglutide 
group had the lowest SMM. Aging and low muscle mass are associated with a low level of physical activity and a low 
BMR, which can be associated with sub-optimal obesity management.38,39 Third, we enrolled participants between 
March 2015 and December 2020, but phentermine/topiramate was released in Korea in January 2020, and therefore few 
of the participants used this combination. Moreover, in Korea, liraglutide and phentermine/topiramate are more 
expensive than phentermine or orlistat. The cost of liraglutide and phentermine/topiramate might result in a high dropout 
rate and poor adherence to long-term obesity management in real-world clinical settings.40,41 Finally, unlike in 
randomized clinical trials that are conducted in relatively healthy adults, the majority of the participants in the present 
study had underlying diseases and were taking other drugs, including psychiatric medications. This might explain the 
lack of significant differences between the AOM groups, except with respect to phentermine. Therefore, further studies 
involving a large number of participants are warranted in real-world outpatient settings.

Liraglutide is a glucagon-like peptide-1 receptor agonist (GLP-1 analog) that causes weight loss by delaying gastric 
emptying, inducing early satiety, and reducing appetite.42,43 In a randomized controlled study of the use of liraglutide 
3.0 mg, the prevalence of the achievement of ≥5% weight loss was 63.2% vs 27.1% for placebo, and the percentages 
achieving ≥10% weight loss were 33.1% vs 10.6% for placebo.44 Several previous studies have shown that liraglutide is 
more effective at inducing weight loss than orlistat or lorcaserin.37,45,46 In the present study, 58.1% of the liraglutide 
group achieved ≥5% weight loss, which was a higher rate than those for orlistat and naltrexone/bupropion. Furthermore, 
the prevalence of the maintenance of weight loss associated with the use of liraglutide at 6 months, after adjustment for 
covariates, was higher than that for the other AOMs, except for phentermine, although this trend was not statistically 
significant. However, the prevalence of the achievement of weight loss of ≥10% in the liraglutide group was 14.2%, 
which was lower than that for the orlistat group. AOMs, including liraglutide, have dose-dependent effects, and 
liraglutide 3.0 mg/day (the maximum dose) is the approved dose for the treatment of obesity.44,47 Real-world studies 
of liraglutide have shown that most patients do not reach the maximum dose, but the total weight loss achieved is 
comparable in patients who take submaximal doses.48,49 Because liraglutide is the most expensive of the currently 
available AOMs in Korea when it is administered at the maximum dose, there is a possibility that the patients in the 
liraglutide group may have chosen a moderate dose, rather than the maximum daily dose, to ensure weight maintenance 
over 6 months. Although the prevalence of the achievement of weight loss of ≥10% was lower than that shown in 
previous studies, the use of liraglutide should be favored for long-term weight loss, given that liraglutide was the only 
AOM that achieved comparable results to phentermine, after adjustment for covariates, after 2, 4, and 6 months.

Lorcaserin is a selective 5-hydroxytryptamine (serotonin) 2c receptor agonist that induces weight loss by appetite 
suppression. It stimulates proopiomelanocortin/cocaine- and amphetamine-regulated transcript neurons in the hypotha-
lamus, activating melanocortin 3 and 4 receptors through the binding of α-melanocyte stimulating hormone.50 Although 
lorcaserin demonstrated substantial weight-loss efficacy in the present study, second only to phentermine, it is no longer 
available in Korea because a post-approval 5-year follow-up trial of lorcaserin showed a higher incidence of cancer vs the 
placebo group, which provoked the FDA and MFDS to request the withdrawal of products containing lorcaserin from the 
market.35,51,52 Therefore, the present study only included patients who administered lorcaserin for ≥6 months and 
completed this period of administration before the withdrawal of lorcaserin.

Orlistat contributes to weight loss by inhibiting gastric and pancreatic lipases in the gastrointestinal tract, thereby 
reducing the absorption of dietary fat.53 In a study conducted in Finland in which a low-calorie balanced diet and orlistat 
were used, reductions in body weight and fat mass, but not in fat-free mass or resting energy expenditure, occurred in the 
orlistat-treated group vs the placebo group.54 In another randomized study of the administration of orlistat as an adjunct 
to lifestyle changes, orlistat caused significantly greater weight loss than placebo over 1 year (10.6 vs 6.2 kg).55 Although 
orlistat caused weight loss in the present study, no significantly different changes in body composition occurred. The 
small number of participants in each of the AOM groups, and especially in the orlistat group, might explain the lack of 
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statistically significant differences among the groups in the present study. Orlistat is a safe medication for weight 
management, and can be used in patients with multiple comorbidities effectively and safely.55

The BMR is the daily rate of energy metabolism an individual needs to maintain essential physiologic functions, 
accounts for approximately 70% of total daily energy expenditure in humans, and it is principally determined by body 
composition, and especially FFM.56 The loss of FFM that occurs alongside weight loss leads to a reduction in BMR that 
is often larger than would be expected in association with the changes that occur in body composition, a phenomenon that 
is referred to as metabolic adaptation.57,58 An experimental study revealed that the maintenance of body weight at a level 
≥10% below the initial level is associated with negative observed-minus-predicted values of energy expenditure, 
especially in individuals with obesity who achieve substantial weight loss.57 This metabolic adaptation was also 
demonstrated by the results of “The Biggest Loser” competition, which showed that a lower metabolic rate can persist 
for >6 years, even though the body weight of most of the participants had returned to their initial values.58 Therefore, 
changes in FFM and metabolic rate should be considered during the management of obesity, alongside weight loss and 
maintenance. There have been several previous studies of the changes in body composition that occur in users of AOMs. 
Liraglutide at a dose of 3 mg/day was found to reduce body fat by 15.4% in the absence of any significant loss of lean 
tissue (only −2.0%);34 naltrexone/bupropion (at dosages of 16, 32, or 48 mg/day naltrexone in combination with 400 mg/ 
day bupropion) caused substantial reductions in body fat (−14.0%) and visceral fat (−15%), while preserving lean mass 
(−3.0%);59 and phentermine/topiramate at doses of 15/92 mg/day caused considerable reductions in body weight 
(−12.2 kg) and fat mass (−8.1 kg), with a minimal loss of lean mass (−3.3 kg).60 In the present study, we compared 
the changes in body composition and BMR among the AOM groups. Consistent with the findings of previous studies, the 
body weight, BMI, and BFM of the participants had decreased significantly after 6 months of AOM administration (by 
−2.44 to −7.89 kg), but there were no significant changes in SMM (−1.03 to −2.56 kg). Notably, there were significant 
differences in the changes in BFM, which correlated with the changes in body weight, and the AOMs can be ranked as 
follows with respect to this outcome: phentermine, lorcaserin, phentermine/topiramate, liraglutide, orlistat, and naltrex-
one/bupropion. These findings suggest that lifestyle interventions in combination with AOMs are effective means of 
inducing a loss of body fat and maintaining BMR. To ensure the successful treatment of obesity, physicians should ensure 
that detailed dietary programs are prepared, such as a low-calorie diet involving a high protein intake of at least 1.2–1.5 
g/kg/day; and that adequate physical activity is performed, including resistance exercise. These measures are essential to 
prevent the loss of fat-free mass (FFM) and a reduction in BMR during weight loss.

A number of limitations to the present study should be acknowledged. First, the 6-month study period was relatively 
short, which limits our ability to draw conclusions regarding the long-term effects of AOMs. The small number of 
patients who continued AOM therapy for more than 6 months, limited by financial considerations and low adherence, 
also impacts this evaluation. Second, the small number of participants in each AOM group made it difficult to obtain 
statistically significant differences between groups. Third, although obesity specialists provided an intensive lifestyle 
intervention program during visits, specific data regarding the daily total calorie intake, macronutrient ratios, and 
physical activity of each participant were not recorded. Fourth, there was no uniformity in the maximum doses of 
AOMs used or the amount of time taken to reach the maximum tolerable doses. Finally, our study did not encompass two 
drugs recently approved by the FDA for obesity management, Semaglutide and Tirzepatide, due to their unavailability in 
Korea during the study period and up to the present.61,62 The significant efficacy of these drugs in promoting weight loss 
indicates that future research should include these novel AOMs.

Despite these limitations, the study also exhibits several notable strengths. First, this was the first study of its kind to 
directly compare the effects of the available AOMs in a real-world clinical setting in Korea, which adds significance to 
the findings of the study. Second, the mean BMI of the participants was approximately 35 kg/m2, which represents 
morbid obesity, according to the Asia-Pacific obesity criteria. Because the risks of morbidity and mortality increase with 
the severity of obesity, the use of intensive treatment for individuals with morbid obesity is very important, and renders 
the present findings more valuable. Finally, we analyzed the changes in both body weight and body composition, which 
are practical methods of assessing the efficacy of obesity treatment. The monitoring of body composition in obesity 
clinics is essential to minimize the risk of metabolic adaptation and maintain long-term weight loss.

Drug Design, Development and Therapy 2024:18                                                                             https://doi.org/10.2147/DDDT.S445415                                                                                                                                                                                                                       

DovePress                                                                                                                         
855

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Conclusion
To conclude, in the present study, the efficacies of six AOMs (phentermine, phentermine/topiramate, liraglutide, 
naltrexone/bupropion, lorcaserin, and orlistat) were compared, and we found that all of these induced substantial weight 
loss, without significant changes in muscle mass, over a 6 month period. The short-term use of phentermine and the long- 
term use of phentermine/topiramate or liraglutide were found to be practical adjunct therapies for obesity. Nevertheless, it 
is necessary to conduct large-scale, long-term prospective studies to comprehensively characterize the efficacies of the 
various AOMs with respect to weight loss and maintenance. These studies should further strengthen our understanding 
and help refine the management of obesity.
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