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Abstract: Obesity is a chronic, relapsing, multifactorial disease, which has become a serious threat to
public health globally, as the worldwide prevalence of obesity increases exponentially over time. It has been
well established that obesity is associated with multiple adverse cardiometabolic effects. Although lifestyle
changes are the first line of therapy for obesity, these are often insufficient in attaining weight loss goals.
Orlistat, phentermine/topiramate, lorcaserin, naltrexone/bupropion, and liraglutide are agents that have been
approved for the treatment of obesity but their effects on cardiometabolic risk factors and outcomes have
not been clearly elucidated. Given the detrimental repercussions of obesity on cardiometabolic health, there
is a pressing clinical need to fully understand the effects of these agents beyond weight loss alone. Certain
previous weight loss drugs have been withdrawn due to safety concerns and this underlines the need for
more careful assessment of the effects of the various pharmacologic agents currently used for the treatment
of obesity. This review aims to provide an overview of the mechanisms, efficacy, safety and cardiometabolic

effects of the currently available pharmacologic agents for weight loss.
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Introduction index (BMI) of 25.0-29.9] and of these over 650 million

. ) o o ) were classified as obese (BMI of 30.0 or more). Percentage-
According to the Obesity Medicine Association, obesity wise, 39% of adults aged 18 years and over were overweight
and 13% were obese in 2016. Moreover, 41 million children
under the age of 5 and over 340 million children and
adolescents aged 5-19 were overweight or obese in 2016 (1).

Worldwide, the incidence of obesity almost doubled

is “a chronic, relapsing, multifactorial, neurobehavioral
disease, wherein an increase in body far promotes adipose tissue
dysfunction and abnormal fat mass physical forces, resulting

in adverse metabolic, biomechanical, and psychosocial health

consequences”. Obesity has become a serious threat to public
health globally, as the worldwide prevalence of obesity
increases exponentially over time. In 2016, the World
Health Organization reported that more than 1.9 billion
adults, 18 years and older, were overweight [body-mass
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between 1980 and 2008 and the age-standardized mean
global BMI increased by 0.4-0.5 kg/m’ per decade in both
men and women (2). The US accounts for the highest
global incidence of overweight and obesity, particularly in
men, with a lifetime risk of approximately 50% and 25%,
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respectively (3). Future projections suggest that if the
current trajectory is not curbed, by 2030 nearly half of all
men and women will be obese, and costs associated with
overweight and obesity will amount to 16-18% of total
health care expenses in the US (4). However, despite these
alarming statistics, only one-third of obese patients are
given an obesity diagnosis and/or weight-related treatment
advice from their physicians (5).

Adverse sequelae of obesity and need for
pharmacologic therapy

Obesity and overweight are fundamentally caused by
an energy imbalance between calories consumed and
calories expended and are affected by an interaction of
environmental factors, genetic predisposition, and human
behavior (1,6). Overweight and obese patients are at
an increased risk of developing cardiovascular diseases
(CVD) (mainly heart disease and stroke), type 2 diabetes
mellitus (T2DM), hypertension, musculoskeletal disorders
(especially osteoarthritis), as well as certain malignancies
(including breast, endometrial, ovarian, prostate, liver,
gallbladder, colon, and kidney) (1). As a result, overweight
and obesity are associated with an increased risk of death
(7,8). Actually, in 2010, overweight and obesity were
estimated to cause 3.4 million deaths worldwide (9). Even
modest weight reductions of 5-10% from baseline may
lead to significant improvements in cardiometabolic risk
with consequent decreases in obesity-related morbidity and
mortality rates (10,11).

Therapeutic lifestyle changes, such as caloric restriction
and increased physical activity, are often insufficient in
attaining weight loss goals, as many obese patients either
fail to lose weight or regain weight that is lost. Thus, the
Food and Drug Administration (FDA) has approved certain
drugs that may be used in the management of obesity as an
adjunct to lifestyle modification. These medications include
orlistat, phentermine/topiramate, lorcaserin, naltrexone/
bupropion, and liraglutide (12-16). Here, it has to be noted
that certain previous weight loss drugs have been withdrawn
due to safety concerns (fenfluramine, phenylpropanolamine,
amphetamines, and most recently, rimonabant and
sibutramine) (17), and this underlines the need for close
follow-up of the patients to assess the effects of the various
pharmacologic agents currently used for the treatment of
obesity.

Currently, most guidelines recommend pharmacotherapy
as the second-line treatment for obesity (after lifestyle
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modification) with bariatric devices and surgery as third-
and fourth-line treatments, respectively (18).

According to current guidelines, pharmacological
treatment should be considered as part of a comprehensive
strategy of disease management for patients with a
BMI 230 or 227 kg/m’ with an obesity-related co-
morbidity, such as T2DM, hypertension, dyslipidemia,
and sleep apnea. The efficacy of pharmacotherapy should
be evaluated after the first 3 months of therapy (19). It
should be stressed here that drugs are not a panacea for
the treatment of obesity but only a mean to facilitate
weight loss, as healthy dieting and physical activity are a
prerequisite for long-term maintenance of weight loss.
Anti-obesity drugs should be used only pursuant to their
licensed indications and restrictions.

Orlistat

Orlistat is a reversible inhibitor of pancreatic and gastric
lipases, which reduces the absorption of fat from the
intestine. Administered at the standard dose of 120 mg
three times daily before meals, orlistat prevents the
absorption of approximately 30% of dietary fat, thereby
reducing caloric intake. The most common side effects of
orlistat are gastrointestinal (due to the non-absorbed fats in
the intestine) and may include steatorrhea, frequent bowel
movements, flatus with discharge, and fecal incontinence.
Because orlistat inhibits the absorption of lipid-soluble
vitamins, vitamin A, D, E and K supplements should be
taken when using orlistat (20-22).

The effectiveness of orlistat in promoting weight loss is
modest. Pooled data from clinical trials have shown that the
use of orlistat in addition to lifestyle modifications, such as
diet and exercise, was associated with a weight loss of about
2-3 kg more than placebo (23).

In addition to the reductions in body weight, orlistat
appears to be significantly more effective than placebo
in favorably affecting several cardiovascular risk factors,
including total cholesterol (T'C), LDL cholesterol (LDL-C),
LDL/HDL ratio, lipoprotein (a), diastolic blood pressure
(DBP), and central adiposity (22). In addition, orlistat
improves fasting blood glucose and glycemic control and
reduces the incidence of T2DM (22,24).

Phentermine/topiramate

Based on the weight loss attained with phentermine and
topiramate as individual agents, as well as the notion that
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their combination at lower doses might provide additive
or synergistic effects with subsequent improved efficacy
and safety, a combination of phentermine/topiramate was
developed for once-daily oral dosing to enhance weight
loss and improve weight-related comorbidities (25).
Phentermine is a potent inhibitor of the norepinephrine
transporter and acts as an appetite suppressant via
activation of the hypothalamic proopiomelanocortin
(POMC) arcuate nucleus neurons (26). Topiramate is an
antiepileptic drug, which suppresses appetite through
modulation of voltage-gated ion channels, increased
activity of the y-aminobutyric acid (GABA)-A receptor-
mediated inhibitory currents and/or inhibition of a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)/
kainite glutamate receptors (25,26).

In a review of 3 Phase III trials (EQUIP, CONQUER,
and SEQUEL), 56 weeks of treatment with phentermine/
topiramate (PHEN/TPM), as compared with placebo, led
to a statistically significant weight loss of 10.6%, 8.4%,
and 5.1% with the 15/92, 7.5/46, and 3.75/23 mg doses,
respectively (27). Furthermore, the 52-week extension
study (SEQUEL) demonstrated that the weight loss was
maintained over 2 years with 9.3% and 10.5% weight loss
from baseline for the 7.5/46 and 15/92 mg doses of PHEN/
TPM, respectively 27). The drug was generally well tolerated
with most common side effects being paresthesias, dizziness,
dysgeusia, insomnia, constipation, and dry mouth (27).

PHEN/TPM exhibits a favorable cardiovascular
profile, as it has been shown to decrease systolic blood
pressure (SBP) and DBP, decrease triglyceride (T'G) levels,
increase HDL cholesterol (HDL-C), and improve glucose
homeostasis. Small, mostly transient, increases in heart rate
are seen in some PHEN/TPM-treated subjects; however,
there are no associated adverse clinical ramifications
(28,29). Actually, in a very recent study, the major adverse
cardiovascular events rates among current users of PHEN/
TPM combination were lower than those among unexposed
former users (30). Furthermore, in a study conducted to
evaluate the safety and efficacy of PHEN/TPM for the
treatment of moderate-to-severe obstructive sleep apnea
(OSA) in obese adults, treatment with PHEN/TPM
led to significant weight reductions and concomitant
improvements in OSA and related parameters, as compared
with placebo. More specifically, significant improvements
were observed in respiratory disturbance index (RDI),
apnea-hypopnea index (AHI), mean overnight oxygen
saturation, Pittsburgh Sleep Quality Index (PSQI), and SBP.
Of note, there was a significant positive correlation between
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the reductions in body weight and the improvements in the
AHI scores (31).

Lorcaserin

Lorcaserin is a centrally acting anorexic agent, which acts
as a selective agonist of the serotonin type 2C receptors
(5-HT2CR) on POMC neurons. This drug has been
designed to exhibit the beneficial effects of serotonergic
drugs on weight loss but without the unwanted side effects
mediated by serotonin receptors type 2A and 2B (32,33).

In the Behavioral Modification and Lorcaserin for
Overweight and Obesity Management (BLOOM) trial,
after 1 year of treatment, the percentage of patients that
lost 25% of their body weight was significantly higher in
the lorcaserin group, as compared with placebo (47.5% vs.
20.3%, respectively, corresponding to an average weight
loss of 5.8+0.2 vs. 2.2+0.1 kg, respectively). Furthermore,
during year 2, a significantly higher percentage of patients
who continued to receive lorcaserin than of those who
received placebo maintained their weight loss (67.9%
vs. 50.3%, respectively) (34). On the basis of trial data
indicating the emergence of pharmacological tolerance in
some patients, it is recommended that if a weight loss of
at least 5% is not achieved within 12 weeks of treatment
with lorcaserin, the drug should be discontinued since it
is unlikely that a meaningful weight loss will be achieved
with continued treatment (32). In another multicenter,
randomized, placebo-controlled, double-blind, parallel arm
trial (BLOSSOM trial), patients receiving lorcaserin 10
mg twice or once daily for 1 year lost an average of 5.8%
and 4.7% of their body weight, respectively, as compared
with 2.8% with placebo (35). Headache, nausea and
dizziness were the most common adverse effects reported
with lorcaserin. Importantly, there was no evidence for
an increase in cardiac valvulopathy in lorcaserin-treated
patients compared with those receiving placebo (34,35).

Lorcaserin treatment was associated with significant
decreases in waist circumference, BMI, fasting plasma
glucose (FPG), insulin, glycated hemoglobin (HbAlc)
levels, and insulin resistance during the first year of therapy.
However, FPG and insulin levels tended to increase along
with body weight during the second year of therapy (34).
Similarly, TC, LDL-C, and TG improved during the first
year of therapy, but increased during year 2 (34). The levels
of apolipoprotein A-I (ApoA-I) were not affected (35). Both
SBP and DPB slightly improved with lorcaserin (34). In
addition, lorcaserin caused a significant decrease in high-
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sensitivity C-reactive protein (hsCRP) and fibrinogen
levels (34). In a randomized placebo-controlled clinical
trial, which studied the effects of lorcaserin in patients
with T2DM (BLOOM-DM trial), lorcaserin, as compared
with placebo, significantly decreased waist circumference,
hip circumference, HbAlc, FPG, and insulin resistance,
although hypoglycemia was somewhat more frequent with
lorcaserin. Heart rate was significantly decreased with
lorcaserin. Both SBP and DBP decreased with lorcaserin
but not significantly differently from placebo (36).

Naltrexone/bupropion

The fixed combination of naltrexone/bupropion (sustained
release) has been approved by the FDA, as well as the in
the European Union (EU), for the management of obesity.
Naltrexone is an opioid antagonist with a high affinity for
the p-opioid receptor and acts as an appetite suppressant by
disrupting B-endorphin-mediated autoinhibition of POMC
neurons. Bupropion is an atypical antidepressant, which
inhibits the reuptake of dopamine and norepinephrine and
produces an anorexic effect via stimulation of the activity of
POMC cells in the arcuate nucleus of the hypothalamus (37).
Thus, by associating an antagonist of the opioid receptors
that blocks the autoinhibitory feedback (naltrexone) with an
agent that enhances the activity of POMC cells (bupropion),
it renders a synergistic drug combination with at least fully
additive effects (38).

Treatment with the fixed combination of naltrexone/
bupropion (sustained release) has led to placebo-adjusted
weight losses at 56 weeks ranging between 2.5% and 5.2%
of initial body weight (39). The combination of naltrexone/
bupropion is generally well tolerated with an acceptable side
effect profile. The most common side effects of naltrexone/
bupropion are nausea, constipation, headache, dizziness,
insomnia, dry mouth, and diarrhea (40). In contrast with
other centrally acting medications, such as phentermine/
topiramate and lorcaserin, naltrexone/bupropion has no
abuse potential (41).

The effect of naltrexone/bupropion on glucose
homeostasis has ranged from neutral to slightly beneficial
with corresponding changes in HbAlc from neutral to a
decrease of 0.5%. Naltrexone/bupropion, as compared
to placebo, has been shown to increase HDL-C by
3-5 mg/dL, decrease LDL-C by 1-4 mg/dL, and decrease
TG by 11-15 mg/dL (39). However, on the other hand,
naltrexone/bupropion exerts relatively unfavorable effects
on blood pressure and heart rate. More specifically,
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naltrexone/bupropion increases SBP by 1.1-2.6 mmHg and
increases heart rate by 0.8-1.1 beats/min. These findings
may be attributed to the bupropion-induced inhibition
of the reuptake of dopamine and norepinephrine. Thus,
naltrexone/bupropion is contraindicated in patients with
uncontrolled hypertension (39).

Liraglutide

Liraglutide is a glucagon like peptide-1 (GLP-1) receptor
agonist, which was initially approved for the management
of T2DM and later on, based on the results of clinical
trials demonstrating the ability of GLP-1 analogs to induce
weight loss, it was also approved as a weight loss agent.
The weight loss with liraglutide appears to be mediated by
appetite suppression and delayed gastric emptying (42).

Treatment with liraglutide has led to placebo-adjusted
weight losses ranging between 4.0% and 6.1% of initial
body weight (39). The most common adverse effects of
liraglutide are nausea and vomiting, which usually occur
within the first 4 weeks of therapy (42).

Liraglutide exerts favorable effects on glucose homeostasis,
although there appears to be a somewhat increased risk for
hypoglycemia. Reductions in HbAlc ranging from 0.33—
1.85%, depending on the comparator, have been observed
with liraglutide in patients with T2DM (39).

In a network meta-analysis, which studied the effects of
GLP-1 receptor agonists on the lipid profiles of patients
with T2DM, liraglutide, as compared with placebo, caused
a slight mean reduction of HDL-C by 0.39 mg/dL. On the
other hand, liraglutide caused a mean reduction of LDL-C,
TC, and TG by 4.64, 6.19, and 23.03 mg/dL, respectively,
as compared with placebo (43).

Liraglutide appears to have a favorable effect on blood
pressure. Treatment with liraglutide was associated with a
reduction in SPB by 2.6-3.1 mmHg. However, liraglutide
increases heart rate by 3-3.5 beats/min (39). Furthermore,
in a study of hypertensive patients with T2DM, treatment
with liraglutide, as compared with placebo, was associated
with a significant decrease of mean 24-hour SBP by
5.73 mmHg and a slight/non-significant reduction of mean
24-hour DBP by 1.42 mmHg. Again, liraglutide caused
a significant increase in the mean 24-hour heart rate by
6.16 beats/min. Of note, the beneficial effect of liraglutide
on the 24-hour blood pressure was not associated with an
increase in urine sodium excretion (44).

The effects of liraglutide on inflammatory markers
and obesity-related hormones are variable (39). However,
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liraglutide appears to improve markers of oxidative stress (45)
and to significantly decrease levels of hsCRP (46,47).

More importantly, liraglutide has been shown to improve
cardiovascular outcomes in patients with T2DM. In a large,
multicenter, double-blind, placebo-controlled trial, which
included 9,340 patients with T2DM and high risk for
CVD, addition of liraglutide to standard care significantly
decreased the incidence of the primary composite outcome
(first occurrence of death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke) by 13%,
as compared with placebo. Furthermore, liraglutide reduced
cardiovascular mortality by 22% and all-cause mortality by
15%, as compared with placebo (48).

Conclusions

Obesity is a chronic, relapsing, multifactorial disease,
which has become a serious threat to public health globally,
and is associated with a higher incidence of a number of
diseases, including CVD, T2DM and cancer. Lifestyle
interventions with adjunctive pharmacotherapy approaches
are being used to manage obesity and its cardiometabolic
sequelae. Although lifestyle modification, aimed at
reducing calorie intake and increasing energy expenditure,
remains the cornerstone of management of obesity, its
effectiveness is frequently limited by significant weight
regain in the long-term. Thus, successful management of
obesity may require additional measures and adjunctive
pharmacotherapy appears to be increasingly effective in
this regard. Furthermore, in view of the escalating global
epidemic of overweight and obesity, a paradigm shift in our
current approach to obesity management may arguably be
necessary with greater attention being given to the role of
long-term pharmacotherapy to achieve and maintain the
recommended weight loss.

As our understanding of energy homeostasis and its
complexity has currently significantly improved, new
pharmacological approaches have been developed for the
management of obesity. However, the long-term effects of
these pharmacological agents are not fully known. Actually,
certain previous weight loss drugs have been withdrawn
due to safety concerns, and this underlines the need for
more careful assessment of the effects of the various
pharmacologic agents currently used for the treatment of
obesity.

Fortunately, as it becomes evident from the preceding
discussion of the current clinical evidence in this review,
several currently available pharmacotherapies for weight
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loss are associated with beneficial cardiometabolic
effects. Notwithstanding, further research will be
required to identify more efficacious drugs with favorable
cardiometabolic effects that would provide significant
weight loss with an acceptable side effect profile.

Acknowledgments

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

References

1. World Health Organization. Obesity and Overweight.
World Health Organization, Geneva, Switzerland, 2018.
Available online: http://www.who.int/mediacentre/
factsheets/fs311/en/

2. Finucane MM, Stevens GA, Cowan M], et al. National,
regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and
epidemiological studies with 960 country-years and 91
million participants. Lancet 2011;377:557-67.

3. Vasan RS, Pencina M]J, Cobain M, et al. Estimated risks
for developing obesity in the Framingham Heart Study.
Ann Intern Med 2005;143:473-80.

4. Kelly T, Yang W, Chen CS, et al. Global burden of
obesity in 2005 and projections to 2030. Int J Obes (Lond)
2008;32:1431-7.

5. Bleich SN, Bennett WL, Gudzune KA, et al. Impact of
physician BMI on obesity care and beliefs. Obesity (Silver
Spring) 2012;20:999-1005.

6. Nguyen DM, El-Serag HB. The epidemiology of obesity.
Gastroenterol Clin North Am 2010;39:1-7.

7. Adams KF, Schatzkin A, Harris TB, et al. Overweight,
obesity, and mortality in a large prospective cohort of
persons 50 to 71 years old. N Engl ] Med 2006;355:763-78.

8.  Whitlock G, Lewington S, Sherliker P, et al. Body-mass
index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet

Ann Transl Med 2019;7(16):393 | http://dx.doi.org/10.21037/atm.2019.07.27



Page 6 of 7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2009;373:1083-96.

Ng M, Fleming T, Robinson M, et al. Global, regional,
and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet
2014;384:766-81.

Goldstein DJ. Beneficial health effects of modest weight
loss. Int J Obes Relat Metab Disord 1992;16:397-415.
Poirier P, Giles TD, Bray GA, et al. Obesity and
cardiovascular disease: pathophysiology, evaluation, and
effect of weight loss: an update of the 1997 American
Heart Association Scientific Statement on Obesity and
Heart Disease from the Obesity Committee of the
Council on Nutrition, Physical Activity, and Metabolism.
Circulation 2006;113:898-918.

Drew BS, Dixon AF, Dixon JB. Obesity management:
update on orlistat. Vasc Health Risk Manag 2007;3:817-21.
Sweeting AN, Tabet E, Caterson ID, et al. Management
of obesity and cardiometabolic risk - role of phentermine/
extended release topiramate. Diabetes Metab Syndr Obes
2014;7:35-44.

Taylor JR, Dietrich E, Powell J. Lorcaserin for weight
management. Diabetes Metab Syndr Obes 2013;6:209-16.
Wadden TA, Foreyt JP, Foster GD, et al. Weight loss with
naltrexone SR/bupropion SR combination therapy as an
adjunct to behavior modification: the COR-BMOD trial.
Obesity (Silver Spring) 2011;19:110-20.

Astrup A, Carraro R, Finer N, et al. Safety, tolerability
and sustained weight loss over 2 years with the once-
daily human GLP-1 analog, liraglutide. Int ] Obes (L.ond)
2012;36:843-54.

Bray GA. Medical treatment of obesity: the past, the
present and the future. Best Pract Res Clin Gastroenterol
2014;28:665-84.

Patel DK, Stanford FC. Safety and tolerability of new-
generation anti-obesity medications: a narrative review.
Postgrad Med 2018;130:173-82.

Yumuk V, Tsigos C, Fried M, et al. European Guidelines
for Obesity Management in Adults. Obes Facts
2015;8:402-24.

Ballinger A. Orlistat in the treatment of obesity. Expert
Opin Pharmacother 2000;1:841-7.

Guerciolini R. Mode of action of orlistat. Int ] Obes Relat
Metab Disord 1997;21 Suppl 3:512-23.

Réssner S, Sjostrom L, Noack R, et al. Weight loss, weight
maintenance, and improved cardiovascular risk factors
after 2 years treatment with orlistat for obesity. European
Orlistat Obesity Study Group. Obes Res 2000;8:49-61.

© Annals of Translational Medicine. All rights reserved.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Montan et al. Pharmacologic therapy of obesity

Padwal R, Li SK, Lau DC. Long-term pharmacotherapy
for obesity and overweight. Cochrane Database Syst Rev
2003;(4):CD004094.
Torgerson JS, Hauptman J, Boldrin MN, et al. XENical in
the prevention of diabetes in obese subjects XENDOS)
study: a randomized study of orlistat as an adjunct to
lifestyle changes for the prevention of type 2 diabetes in
obese patients. Diabetes Care 2004;27:155-61.
Singh J, Kumar R. Phentermine-topiramate: First
combination drug for obesity. Int ] Appl Basic Med Res
2015;5:157-8.
Narayanaswami V, Dwoskin LP. Obesity: Current and
potential pharmacotherapeutics and targets. Pharmacol
Ther 2017;170:116-47.
Smith SM, Meyer M, Trinkley KE. Phentermine/
topiramate for the treatment of obesity. Ann Pharmacother
2013;47:340-9.
Jordan J, Astrup A, Engeli S, et al. Cardiovascular effects
of phentermine and topiramate: a new drug combination
for the treatment of obesity. ] Hypertens 2014;32:1178-88.
Garvey WT, Ryan DH, Look M, et al. Two-year sustained
weight loss and metabolic benefits with controlled-release
phentermine/topiramate in obese and overweight adults
(SEQUEL): a randomized, placebo-controlled, phase 3
extension study. Am J Clin Nutr 2012;95:297-308.
Ritchey ME, Harding A, Hunter S, et al. Cardiovascular
Safety During and After Use of Phentermine and
Topiramate. ] Clin Endocrinol Metab 2019;104:513-22.
Winslow DH, Bowden CH, DiDonato KP, et al. A
randomized, double-blind, placebo-controlled study of
an oral, extended-release formulation of phentermine/
topiramate for the treatment of obstructive sleep apnoea in
obese adults. Sleep 2012;35:1529-39.
Manning S, Pucci A, Finer N. Pharmacotherapy for
obesity: novel agents and paradigms. Ther Adv Chronic
Dis 2014;5:135-48.
Brashier DB, Sharma AK, Dahiya N, et al. Lorcaserin:
A novel antiobesity drug. ] Pharmacol Pharmacother
2014;5:175-8.
Smith SR, Weissman NJ, Anderson CM, et al; Behavioral
Modification and Lorcaserin for Overweight and Obesity
Management (BLOOM) Study Group. Multicenter,
placebo-controlled trial of lorcaserin for weight
management. N Engl ] Med 2010;363:245-56.
Fidler MC, Sanchez M, Raether B, et al. A one-year
randomized trial of lorcaserin for weight loss in obese and
overweight adults: the BLOSSOM trial. J Clin Endocrinol
Metab 2011;96:3067-77.

Ann Transl Med 2019;7(16):393 | http://dx.doi.org/10.21037/atm.2019.07.27



Annals of Translational Medicine, Vol 7, No 16 August 2019

36. O'Neil PM, Smith SR, Weissman NJ, et al. Randomized
placebo-controlled clinical trial of lorcaserin for weight
loss in type 2 diabetes mellitus: the BLOOM-DM study.
Obesity (Silver Spring) 2012;20:1426-36.

37. Billes SK, Sinnayah P, Cowley MA. Naltrexone/
bupropion for obesity: an investigational combination
pharmacotherapy for weight loss. Pharmacol Res
2014;84:1-11.

38. Caixas A, Albert L, Capel I, et al. Naltrexone sustained-
release/bupropion sustained-release for the management
of obesity: review of the data to date. Drug Des Devel
Ther 2014;8:1419-27.

39. Vorsanger MH, Subramanyam P, Weintraub HS, et al.
Cardiovascular Effects of the New Weight Loss Agents. ]
Am Coll Cardiol 2016;68:849-59.

40. Sherman MM, Ungureanu S, Rey JA. Naltrexone/
Bupropion ER (Contrave): Newly Approved Treatment

Option for Chronic Weight Management in Obese Adults.

P T 2016;41:164-72.

41. Verpeut JL, Bello N'T. Drug safety evaluation of
naltrexone/bupropion for the treatment of obesity. Expert
Opin Drug Saf 2014;13:831-41.

42. Mehta A, Marso SP, Neeland IJ. Liraglutide for weight
management: a critical review of the evidence. Obes Sci
Pract 2017;3:3-14.

Cite this article as: Montan PD, Sourlas A, Olivero J, Silverio
D, Guzman E, Kosmas CE. Pharmacologic therapy of obesity:
mechanisms of action and cardiometabolic effects. Ann Transl
Med 2019;7(16):393. doi: 10.21037/atm.2019.07.27

© Annals of Translational Medicine. All rights reserved.

43.

45.

46.

47.

48.

Page 7 of 7

Sun F, Wu S, Wang J, et al. Effect of glucagon-like
peptide-1 receptor agonists on lipid profiles among type 2
diabetes: a systematic review and network meta-analysis.
Clin Ther 2015;37:225-41.€8.

Liakos A, Lambadiari V, Bargiota A, et al. Effect of
liraglutide on ambulatory blood pressure in patients with
hypertension and type 2 diabetes: A randomized, double-
blind, placebo-controlled trial. Diabetes Obes Metab
2019;21:517-24.

Rizzo M, Abate N, Chandalia M, et al. Liraglutide reduces
oxidative stress and restores heme oxygenase-1 and ghrelin
levels in patients with type 2 diabetes: a prospective pilot
study. J Clin Endocrinol Metab 2015;100:603-6.

Kahal H, Aburima A, Ungvari T, et al. The effects of
treatment with liraglutide on atherothrombotic risk in
obese young women with polycystic ovary syndrome and
controls. BMC Endocr Disord 2015;15:14.

Davies MJ, Bergenstal R, Bode B, et al. Efficacy of
Liraglutide for Weight Loss Among Patients With Type
2 Diabetes: The SCALE Diabetes Randomized Clinical
Trial. JAMA 2015;314:687-99.

Marso SP, Daniels GH, Brown-Frandsen K, et al.
Liraglutide and Cardiovascular Outcomes in Type 2
Diabetes. N Engl ] Med 2016;375:311-22.

Ann Transl Med 2019;7(16):393 | http://dx.doi.org/10.21037/atm.2019.07.27



