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SUMMARY

What is known and objective: Obesity affects approximately
one-third of the American population, and its prevalence
continues to increase. It is a significant risk factor for cardiovas-
cular diseases and contributes to increased healthcare costs and
mortality. The objective is to review the current literature on the
cardiovascular effects of weight loss pharmacotherapy agents.
Methods: Literature was accessed through MEDLINE/PubMed
(up to April 2013) using the search terms obesity, weight loss,
pharmacotherapy, cardiovascular adverse effects and cardiovas-
cular side effects. References of the articles identified and www.
clinicaltrials.gov were also reviewed. Relevant guidelines,
review articles, clinical trials, meta-analyses, case series, FDA
documentation and prescribing information were included and
limited to English language articles.
Results and discussion: With the newly FDA-approved weight
loss pharmacotherapy, treatment options for obesity are more
diverse. However, safety concerns, including adverse cardiovas-
cular effects, have played a significant role in the history of
weight loss pharmacotherapy and will likely play a role in the
future of the new agents, lorcaserin and phentermine/topira-
mate, as well.
What is new and conclusion: Long-term cardiovascular outcomes
studies with and without high-risk cardiovascular patients are
still needed for both lorcaserin and phentermine/topiramate
before these agents can be recommended in these patient
populations. It is yet to be determined whether modest weight
loss benefit of these new agents outweighs the cardiovascular
risks.

WHAT IS KNOWN AND OBJECTIVE

The obesity epidemic affects a significant portion of Americans,
and the prevalence of obesity continues to rise. In the early 1990s,
23% of Americans were considered obese; in 1999, the prevalence
had risen to 30�5%.1 Recent data suggest that approximately 36%
of adult Americans are obese.2 Obesity has been associated with
coronary artery disease, stroke, peripheral arterial disease, venous
thromboembolism, heart failure and hypertension.3,4 In 1998, the
American Heart Association reclassified obesity as a major,

modifiable risk factor for coronary heart disease. With its high
prevalence and associated risks, treatment of obesity is a signif-
icant healthcare target for intervention. Even modest weight loss of
5–10% is associated with improvements in cardiovascular (CV)
outcomes including blood glucose, blood pressure, triglycerides
and HDL.5 A 5% weight loss reduced the risk of developing new
type 2 diabetes mellitus by 58%.6,7

Medications are often used as adjunct therapy in the treatment of
obesity, along with lifestyle interventions, counselling and surgery.
The recently published AHA/ACC/TOS Guideline for the Man-
agement of Overweight and Obesity in Adults does not address
options in pharmacotherapy for weight loss. At the time of
guideline development, only orlistat was approved for weight loss.
The guidelines state ‘the provider should weigh the potential risks
of the medication being considered against the potential benefits of
successful weight loss for the individual patient. The rationale for
use of medications is to help patients adhere to a lower calorie diet
more consistently in order to achieve sufficient weight loss and
health improvements when combined with increased physical
activity. Medications work to reinforce lifestyle change and should
be prescribed as an adjunct to lifestyle interventions’when needed.8

However, anti-obesity medications are often plagued by high
rates of adverse effects, including adverse CV events. These events
include valvular heart disease, pulmonary hypertension, myocar-
dial infarctions and strokes. This review will examine the history
of CV effects of weight loss pharmacotherapy and assess the
newer, recently approved agents and the data on CV outcomes.

METHODS

Literature was accessed through MEDLINE/PubMed (up to April
2013) using the search terms obesity, weight loss, pharmacother-
apy, cardiovascular adverse effects and cardiovascular side effects.
References of the articles identified and www.clinicaltrials.gov
were also reviewed. Relevant guidelines, review articles, clinical
trials, meta-analyses, case series, FDA documentation and pre-
scribing information were included and limited to English
language articles.

RESULTS

Mechanisms of action of weight loss pharmacotherapy

While the exact mechanisms of weight loss agents are often
unknown, there are two proposed primary mechanisms of action
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for anti-obesity medications: peripherally acting and centrally
acting.9,10 Peripherally acting agents reduce fat absorption from
the gastrointestinal (GI) tract. For example, orlistat is a lipase
inhibitor that impedes the absorption of dietary fat from the GI
tract. Centrally acting agents may increase satiety through sero-
tonergic, noradrenergic or dopaminergic targets by blocking
reuptake or stimulating receptors in the satiety centre in the brain,
including the hypothalamus and limbic system.9,11 Agents may
either work peripherally or centrally to increase energy expendi-
ture by inducing thermogenesis or lipolysis as well.9 It is
hypothesized that sympathomimetic agents, such as phentermine,
work mainly in the central nervous system by increasing norepi-
nephrine in the synaptic cleft and directly stimulating receptors,
but some may increase thermogenesis as well.9,11 Ephedrine and
herbal ephedra may work primarily through thermogenesis and
lipolysis, but may work centrally as well.9,11

Many agents are often associated with adverse CV effects and
have been removed from the market as will be discussed.
However, a number of centrally acting sympathomimetic agents
are still available for short-term use including phentermine,
diethylpropion, benzphetamine and phendimetrazine.9,10

Pharmacotherapies withdrawn due to adverse cardiovascular
effects

Fenfluramine/Dexfenfluramine. Fenfluramine came to the market in
1973, followed by dexfenfluramine in 1996. Fenfluramine and
dexfenfluramine stimulate release of 5-hydroxytryptamine (5-HT)
and inhibit reuptake in the synaptic cleft.9 Dexfenfluramine was a
more selective D-isomer of fenfluramine and was boasted to have
fewer side effects than fenfluramine. Several randomized, con-
trolled trials demonstrated the weight loss benefit of fenfluramine
alone or in combination with phentermine or dexfenfluramine
alone.12,13 However, these benefits were marred by concerns for
significant adverse effects, including valvular heart disease and
pulmonary hypertension.14–18 Prevalence estimates for valvular
heart disease vary widely. A meta-analysis of observational
studies indicated one in eight patients treated for more than
90 days with fenfluramine demonstrated valvular regurgitation.16

In a case–control study comparing 95 patients with primary
pulmonary hypertension to 355 controls, the use of anorexic drugs
(mainly dexfenfluramine and fenfluramine) was associated with
increased risk of developing primary pulmonary hypertension (OR
6�3; 95% CI 3�0–13�2).17 These adverse events led to the withdrawal
of both agents from the U.S. market in 1997.

A possible mechanism for the valvular disease associated with
appetite suppressants involves the stimulation of serotonin recep-
tors.19,20 The valve abnormalities seen with appetite suppressants
are similar to patients with carcinoid tumours and ergot exposure.
This occurs through stimulation of the 5-HT2b receptors on the
interstitial cells of the mitral and aortic valves. There are ample
numbers of these receptors on the valves, and they incite fibroblast
mitogenesis. This leads to thickening of the heart valves and
valvular insufficiency. However, 5-HT2a and 5-HT2c are not
associated with valvulopathy. Fenfluramine binds weakly to 5-
HT2a, 5-HT2b and 5-HT2c receptors, but norfenfluramine, the
metabolite of fenfluramine, demonstrated high affinity for 5-HT2b
and 5-HT2c receptors.21 The possible mechanism for pulmonary
hypertension related to appetite suppressant use is similar.22 The
5-HT1b receptor subtype and the 5-HT transporter are associated
with pulmonary hypertension and may be stimulated through the
non-selectivity of fenfluramine and its metabolites.23

Sibutramine. The FDA approved sibutramine in 1997 for obesity
after demonstrating significant weight loss benefits compared with
placebo. Sibutramine is a norepinephrine and serotonin reuptake
inhibitor9,11. These mechanisms are thought to reduce appetite and
induce thermogenesis. The increase in sympathetic activity asso-
ciated with its mechanism of action is thought to contribute to its
effects on blood pressure and heart rate.24 The product labeling
contained a contraindication for patients with a history of coronary
artery disease, heart failure, tachycardia, peripheral arterial occlu-
sive disease, arrhythmia or cerebrovascular disease, or inade-
quately controlled hypertension due to a risk of CV events and
substantial increases in blood pressure and heart rate.25

Due to concern for adverse CV events, the SCOUT trial was
initiated to examine the long-term effects of sibutramine on CV
outcomes in a high-risk population. Over 10 000 overweight or
obese patients, with age >55 and pre-existing CV disease, type 2
diabetes or both, were randomized to receive sibutramine or
placebo after a 6-week lead-in period. The primary outcome was a
composite endpoint of non-fatal myocardial infarction (MI), non-
fatal stroke, resuscitation after cardiac arrest or CV death. The
incidence of the primary outcome was 11�4% in the sibutramine
group vs. 10�0% in the placebo group (HR 1�16; 95% CI 1�03–1�31;
P = 0�02). The incidence of non-fatal MI and non-fatal stroke were
both significantly elevated in the sibutramine group compared
with placebo, as well.26 After review of the preliminary results of
SCOUT, the FDA issued a safety alert that included a warning for
patients with CV disease. However, after final publication of
SCOUT, the FDA asked the manufacturer to withdraw sibutr-
amine from the market completely.

Ephedrine and ephedra. Ephedrine and herbal ephedra may sup-
press appetite and stimulate thermogenesis by stimulating release
of norepinephrine into the synaptic cleft and stimulating beta-
adrenergic receptors.9 However, adrenergic stimulation of both
alpha- and beta-receptors is also associated with vasoconstriction
and cardiac stimulation leading to increased blood pressure and
heart rate.27 In 2000, Haller and Benowitz published a review of
140 reports of adverse events associated with ephedra products. Of
these reported, 31% were rated as definitely or probably related to
ephedra, with another 31% were possibly related. Forty-seven per
cent of these adverse effects were CV events including hyperten-
sion, palpitations, tachycardia, arrhythmias, MI, cardiac arrest or
stroke. Twenty-three events involved death or permanent disabil-
ity.28 A meta-analysis of 50 trials assessed the safety of ephedra
and ephedrine products. The pooled odds ratio for heart palpita-
tions was 2�29 (95% CI 1�27–4�32) with a non-significant trend
towards increased odds of hypertension among patients receiving
ephedra or ephedrine products. The risk of adverse events
increased with higher doses of ephedra/ephedrine, but was not
significant.29 In April 2004, the FDA declared ephedrine alkaloids
as adulterated substances because of the health risks to the
consumer and banned ephedra-containing dietary supplements
from the United States market.30

Ma huang is a Chinese herb derived from Ephedra species,
usually E. sinica. The herb is a source of ephedrine alkaloids,
consisting mostly of ephedrine and pseudoephedrine.27 The
pharmacokinetic parameters of ma huang capsules are similar to
ephedrine tablets and solution, with the exception of slower
absorption for the ma huang capsules.31

Ephedra alkaloids have been associated with thermoregulatory
dysfunction and have been involved in a number of deaths in
athletes. In February 2003, Steve Bechler, a professional baseball
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player, passed away during spring training due to heat stroke. The
use of an ephedra-based supplement was implicated in his death.32

The possible mechanisms for this thermodysregulation include
increased metabolism, increased creation of heat and elevated core
body temperature. Superficial vasoconstriction may decrease the
capability of the body to redistribute heat sufficiently.33

Phenylpropanolamine. Phenylpropanolamine likely exhibits its
effects through central alpha-receptor stimulation in the hypothal-
amus, thus reducing food intake.11 Numerous published cases and
reports to the FDA suggest an association between phenylpropa-
nolamine and haemorrhagic stroke. A case–control study con-
ducted in the 1990s revealed phenylpropanolamine as a possible
risk factor for haemorrhagic stroke in women.34 The odds ratio was
16�58 (95% CI, 1�51–182�21; P = 0�02) for the association between
the use phenylpropanolamine in women and the risk of intracranial
haemorrhage. Although the overall risk of intracranial haemor-
rhage was low, the FDA believed the risk did not outweigh the
benefit of these agents. Based on this information, the FDA deemed
phenylpropanolamine unsafe for use and requested all drug
companies discontinue products containing phenylpropanolamine.

Rimonabant. Although rimonabant was not withdrawn from the
market due to adverse CV effects, it was determined that the risks
outweighed the benefits of this medication and did not make it to
the United States market. Rimonabant was an endocannabinoid-1
receptor antagonist. Potential mechanisms of weight loss included:
decrease in food intake by inhibiting cannabinoid receptors in the
CNS, increase in satiety signals, increased thermogenesis and
decreased lipogenesis.35 However, in June 2007, the FDA deter-
mined the risks of neurologic and psychiatric side effects
outweighed the weight loss benefits of rimonabant and voted
against approval.

Current FDA-approved therapies

As shown by the drugs withdrawn from the market, cardiovas-
cular adverse effects are often a concern for new weight loss
agents. In this section, the efficacy and cardiovascular safety of
current FDA-approved pharmacotherapies for the treatment of
obesity will be discussed.

Prior to recent FDA approvals, orlistat was the only weight loss
medication approved for long-term use. It is a reversible inhibitor
of both gastric and pancreatic lipases, which prevents the
absorption of dietary fat.9,11 At doses of 120 mg three times daily,
dietary fat absorption is reduced by approximately 30%. Olistat is
also available over-the-counter at a lower dose (60 mg three times
daily). Two systematic reviews reported increased weight loss in
patients receiving orlistat compared with placebo. Patients treated
with orlistat lost 2�9 kg or 2�9% more weight than placebo. All
trials demonstrated more orlistat patients achieving 5% weight
loss (21% more patients in the orlistat group, 95% CI 18–24%) and
10% weight loss (12% more patients in the orlistat group, 95% CI
9–14%).36,37 The longest trial to date spanned four years and
included over 3000 patients. Patients in the orlistat group expe-
rienced significantly more weight loss than the control group
(5�8 lb vs. 3�0 lb, P < 0�001) at 4 years. Significantly, more orlistat
patients achieved at least 5% and at least 10% weight loss
compared with placebo, respectively (≥5%: 52�8% vs. 37�3%,
P < 0�001; ≥10%: 26�3% vs. 15�6%, P < 0�001).38 Orlistat’s side
effect profile is largely associated with its effects on the gastroin-
testinal tract. Side effects include: abdominal pain, bloating,

flatulence, diarrhoea and decreased absorption of fat-soluble
vitamins. The CV profile of orlistat is generally favourable and
lacks the adverse CV profile of other weight loss agents.

Phendimetrazine, phentermine, diethylpropion and benzphet-
amine are controlled amphetamine or amphetamine-like ana-
logues available for short-term use, which is usually interpreted as
up to 12 weeks. These sympathomimetic amines may stimulate
the release of neurotransmitters acting centrally on the satiety
centre of the brain and increase energy expenditure.9,11 Limited
information from large randomized controlled trials exists regard-
ing long-term efficacy and safety of these medications. Because of
this, the use of these agents is limited in the management of obese
or overweight patients.39 They are often associated with sympat-
homimetic CV adverse effects.40,41 These include palpitations,
tachycardia and elevations in blood pressure. It is recommended to
use these agents with extreme caution in patients with hyperten-
sion and CV disease.

New agents

It had been over a decade since the FDA approved a medication
for weight loss. Orlistat was approved for long-term weight loss in
1999. However, this changed in 2012 with the approval of two new
agents for weight loss: lorcaserin and phentermine/topiramate.

Lorcaserin. Lorcaserin (Belviq�, Arena Pharmaceuticals, Zofingen,
Switzerland) is a selective 5-HT2c receptor agonist. It is hypoth-
esized lorcaserin selectively activates these receptors on anorexi-
genic pro-opiomelanocortin neurons in the hypothalamus, and
activation of these receptors stimulates satiety and decrease food
consumption.42,43 The exact mechanism is unknown. Lorcaserin
potency (EC50) and binding affinity (Ki) for human 5-HT2a, 5-
HT2b and 5-HT2c receptor subtypes are as follows: EC50 = 5-
HT2c 39 nM, 5-HT2b 2380 nM and 5-HT2a 553 nM; Ki = 5-HT2c
13 nM, 5-HT2b 147 nM, 5-HT2a 92 nM.44 Lorcaserin is more potent
and has a greater binding affinity for the 5-HT2c receptor. Based
on these data, it is unlikely that lorcaserin would activate the 5-
HT2b receptor at therapeutic doses. This selectivity differentiates
lorcaserin from fenfluramine and dexfenfluramine. Whereas lor-
caserin is selective in its agonism, fenfluramine and dexfenflur-
amine are non-specific agents. Their metabolites are potent 5-HT2b
agonists associated with valvulopathy.45 Theoretically, this selec-
tivity allows for the weight loss benefit of 5-HT2c activation
without the adverse effects of other serotonin receptor stimulation.
Lorcaserin was studied in a series of trials in addition to diet and
exercise counselling.

The BLOOM trial was a 2-year, randomized, placebo-controlled,
double-blind trial that examined the efficacy and safety of
lorcaserin for weight loss. This study randomized 3182 obese or
overweight adults [BMI 30–45 or BMI 27–45 with at least one
coexisting condition (hypertension, dyslipidemia, CV disease,
impaired glucose tolerance or sleep apnoea)] to receive lorcaserin
10 mg twice daily plus diet and exercise counselling or placebo
plus diet and exercise counselling for 52 weeks. At 52 weeks, the
treatment group was further randomized to continue lorcaserin or
initiate placebo. At one year, significantly more patients in the
lorcaserin group, compared with the placebo group, achieved ≥5%
weight loss than in the placebo group (47�5% vs. 20�3%, P < 0�001),
lost a higher percentage of the baseline weight (5�81% vs. 2�16%,
P < 0�001) and achieved ≥10% weight loss from baseline (22�6% vs.
7�7%, P < 0�001). At one year, patients in the lorcaserin group lost
a mean of 5�8 kilograms (kg), compared with a mean of 2�2 kg in
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the placebo group (P < 0�001). More patients who continued
lorcaserin for the second year maintained weight loss (67�9% vs.
50�3%, P < 0�001).46 (Table 1)

Overall, there were no significant differences between lorcaserin
and placebo for adverse CV outcomes. At one year, there was no
statistical difference between the rates of valvulopathy between
the two groups (2�7% vs. 2�3%, P = 0�70). This continued at year 2
as well (2�6% vs. 2�7%). Valvular insufficiency scores (mitral and
aortic valves) and change in mean pulmonary-artery systolic
pressure were not statistically different between the study groups
as well. However, power was not met for FDA-defined valvulop-
athy due to an overestimation of effect size. This decreased the
statistical power to rule out relative risk of FDA-defined valvul-
opathy for lorcaserin to 60%, below the required 80%. This limits
the ability to draw conclusions regarding valvulopathy from this
trial.46

Blood pressure, total cholesterol, triglycerides, fasting glucose,
glycated haemoglobin, CRP and fibrinogen improved significantly
from baseline to one year in the lorcaserin group compared with
placebo.46 (Table 2)

A follow-up trial to BLOOM, the BLOSSOM trial, was con-
ducted in 4008 patients to determine the optimal dose of lorcaserin
for both efficacy and safety. Patients received either lorcaserin
10 mg daily, lorcaserin 10 mg twice daily or placebo. All patients
received diet and exercise counselling. The results of this trial
paralleled the results of the BLOOM trial. They found the weight
loss associated with lorcaserin appeared to be dose-dependent.
The patients receiving lorcaserin achieved significantly more
weight loss than placebo with a trend towards increased weight
loss with the twice daily dose. Mean weight loss in patients treated
with lorcaserin 10 mg twice daily was similar to that in BLOOM.
Percentage of patients achieving ≥5% weight loss, ≥10% weight

Table 1. Efficacy endpoints (1-year results, P-value vs. placebo)46,47,51

Lorcaserin Phentermine/Topiramate

BLOOM BLOSSOM CONQUER

Placebo 10 mg BID Placebo 10 mg BID 10 mg QD Placebo 7�5 mg/46 mg 15 mg/92 mg

Absolute weight change (kg) �2�2 �5�8
P < 0�001

�2�9 �5�8
P < 0�001

�4�7
P < 0�001

�1�4 �8�1
P < 0�0001

�10�2
P < 0�0001

Per cent weight change from
baseline (%)

�2�16 �5�81
P < 0�001

�2�8 �5�8
P < 0�001

�4�7
P < 0�001

�1�2 �7�8
P < 0�0001

�9�8
P < 0�0001

Patients with ≥5% weight
loss (%)

20�3 47�5
P < 0�001

25 47�2
P < 0�001

40�2
P < 0�001

21 62
P < 0�0001

70
P < 0�0001

Patients with ≥10% weight
loss (%)

7�7 22�6
P < 0�001

9�7 22�6
P < 0�001

17�4
P < 0�001

7 37
P < 0�0001

48
P < 0�0001

Table 2. Change in metabolic and cardiovascular endpoints (1-year results)46,47,51

Lorcaserin Phentermine/Topiramate

BLOOM BLOSSOM CONQUER

Placebo 10 mg BID Placebo 10 mg BID 10 mg QD Placebo 7�5 mg/46 mg 15 mg/92 mg

Waist circumference (cm) �3�9 � 0�2 �6�8 � 0�2* �4�1 � 0�2 �6�3 � 0�2* �5�8 � 0�3* �2�4 � 0�3 �7�6 � 0�4* �9�2 � 0�3*
BMI �0�8 � 0�1 �2�1 � 0�1* �1�0 � 0�1 �2�1 � 0�1* �1�7 � 0�1*
Blood Pressure (mm Hg)
Systolic �0�8 � 0�3 �1�4 � 0�3* �1�2 � 0�3 �1�9 � 0�3 �1�3 � 0�4 �2�4 � 0�5 �4�7 � 0�4* �5�6 � 0�5*
Diastolic �0�6 � 0�2 �1�1 � 0�2* �1�4 � 0�2 �1�9 � 0�2 �1�1 � 0�3 �2�7 � 0�3 �3�4 � 0�4 �3�8 � 0�3*

Cholesterol (%)
Total 0�6 � 0�3 �0�9 � 0�3* 0�0 � 0�3 �0�7 � 0�3 �1�3 � 0�5* �3�3 � 0�5 �4�9 � 0�7* �6�3 � 0�5*
LDL 4�0 � 0�6 2�9 � 0�6* 1�7 � 0�5 0�3 � 0�5 �0�1 � 0�7 �4�1 � 0�9 �3�7 � 1�1 �6�9 � 0�9*
HDL �0�2 � 0�3 0�1 � 0�3 1�3 � 0�4 3�7 � 0�4* 3�5 � 0�6* 1�2 � 0�7 5�2 � 0�9* 6�8 � 0�7*

Triglycerides (%) �0�1 � 1�0 �6�2 � 1�0* �0�9 � 0�9 �4�3 � 0�9* �5�5 � 1�3* 4�7 � 1�7 �8�6 � 2�2* �10�6 � 1�7*
Fasting glucose (mg/dL) 1�1 � 0�3 �0�8 � 0�3* 0�13 � 0�03 �0�01 � 0�04* �0�07 � 0�03*
Glycated hemoglobin (%) 0�03 � 0�01 �0�04 � 0�01* �0�14 � 0�01 �0�19 � 0�01 �0�17 � 0�01 0�1 � 0�03 0 � 0�03* �0�1 � 0�03*
Heart rate (beats/min) �1�6 � 0�4 �2�0 � 0�3* �1�6 � 0�2 �2�3 � 0�2 �1�1 � 0�3

*P-value <0�05 compared to placebo.
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loss and mean weight change in kilograms were significantly
improved with the twice daily dosing scheme compared with
daily dosing (P < 0�01).47 (Table 1)

The significant differences in cardiometabolic endpoints seen in
the BLOOM trial were not significant in BLOSSOM. Total
cholesterol and LDL-C were not statistically different from
placebo. However, both triglycerides and HDL-C were signifi-
cantly improved compared with placebo for both dosing schemes,
with blood pressure significantly improved with the twice daily
dosing scheme. The incidence of cardiac valvulopathy was not
statistically different between the treatment and placebo groups.
This trial was not powered to detect a difference with cardiac
valvulopathy, and more data are needed before major conclusions
can be drawn regarding valvulopathy.47 (Table 2)

BLOOM-DM examined the weight loss efficacy and safety of
lorcaserin in patients with type 2 diabetes mellitus. Patients were
eligible if they had a diagnosis of type 2 diabetes treated with
metformin, a sulfonylurea, or both, had glycated haemoglobin of
7–10% at screening and had a BMI between 27 and 45 kg/m2. In
this study, 604 patients were randomized to receive placebo,
lorcaserin 10 mg daily or lorcaserin 10 mg twice daily. All patients
received diet and exercise counselling. Significantly, more patients
achieved ≥5% weight loss in the lorcaserin twice daily or the
lorcaserin daily groups compared with placebo (37�5% vs. 44�7%
vs. 16�1%, P < 0�001 compared to placebo). Per cent weight change
in the lorcaserin twice daily, lorcaserin daily and placebo was
�4�5 � 0�35%, �5�0 � 0�5% and �1�5 � 0�36%, respectively,
(P < 0�001 compared with placebo for each). Glycated haemoglo-
bin decreased 0�9 � 0�06 for lorcaserin twice daily, 1�0 � 0�09 for
lorcaserin daily and 0�4 � 0�06 for placebo (P < 0�001 compared to
placebo for each). There was a non-significant increase is valvul-
opathy based on echocardiogram in the lorcaserin groups; how-
ever, the study was not powered to detect significant difference
with this outcome. At 24 weeks, 1�9% of placebo patients had new
valvulopathy whereas 3�9% (P = 0�395, compared to placebo) in
the lorcaserin daily group and 2�5% (P = 0�750 compared to
placebo) in the lorcaserin twice daily groups had new valvulop-
athy. At 52 weeks, 0�5% experienced new valvulopathy in the
placebo group, whereas 2�5% (P = 0�187, compared with placebo)
in the lorcaserin daily group and 2�9% (P = 0�122, compared with
placebo) in the lorcaserin twice daily group had these findings.48

Like most weight loss trials, these studies included high rates of
study drug discontinuation. This requires imputation methods to
account for the missing data, and it is unclear which statistical
method to account for this missing data is most accurate to predict

the efficacy of lorcaserin clinically. Also, patients with depression
or treated with selective serotonin reuptake inhibitors were
excluded in these trials and the majority of the population was
female. In BLOOM and BLOSSOM, the male participants were
<20%. These studies do not address the effects of lorcaserin in a
general population, and further clinical experience will be neces-
sary. Lastly, to fully assess the risk cardiac valvulopathy in
patients receiving lorcaserin, larger trials will be needed.

In September 2010, the FDA’s Endocrinologic and Metabolic
Drugs Advisory Committee voted against approval because of
preclinical carcinogenicity concerns with minimal weight loss
found in the clinical trials. The FDA required more information
regarding these concerns. In December 2011, Arena Pharmaceu-
ticals, the manufacturer of Belviq�, submitted data in response to
these concerns that included official consensus on the preclinical
data and final analysis included the final data from BLOOM-DM.49

This report provided a pooled analysis of the valvulopathy data
from the three clinical, phase 3 trials. At 52 weeks, the proportion
of patients with an increase from baseline valvular regurgitation
was significantly increased in mitral and tricuspid regurgitation
and in all valves combined. Another pooled analysis of FDA-
defined valvulopathy included data from the three, phase 3,
clinical trials. The pooled relative risk was 1�16 (95% CI 0�81 to
1�67) based on these three trials.49 (Tables 3 and 4)

Based on the results of these studies, the FDA granted approval
for lorcaserin for chronic weight loss management in addition to
diet and exercise. Because the effect of lorcaserin on adverse CV
outcomes, specifically valvulopathy, has yet to be extensively

Table 3. Patients with increase in valvular regurgitation from
baseline (excluding absent to trace) (1-year results with last
observation carried forward)49

Lorcaserin
10 mg BID (%) Placebo (%)

Relative risk
(95% CI) P-value

Aortic 1�34 1�45 0�92 (0�59–1�44) 0�71
Mitral 9�92 8�19 1�21 (1�02–1�43) 0�03
Pulmonic 17�00 15�51 1�10 (0�97–1�24) 0�14
Tricuspid 12�18 9�88 1�23 (1�06–1�44) 0�008
Any valve 32�37 28�24 1�15 (1�06–1�24) 0�001

Adapted from Belviq FDA documentation.

Table 4. FDA-defined valvulopathy (1-year results)49

BLOOM BLOSSOM BLOOM-DM

Lorcaserin 10 mg
BID
n = 1278

Placebo
n = 1191

Lorcaserin 10 mg
BID
n = 1208

Placebo
n = 1153

Lorcaserin 10 mg
BID
n = 210

Placebo
n = 209

FDA-defined valvulopathya, n (%) 34 (2�66) 28 (2�35) 24 (1�99) 23 (1�99) 6 (2�86) 1 (0�48)
Relative risk (95% CI) 1�13 (0�69 to 1�85) 1�00 (0�57 to 1�75) 5�97 (0�73 to 49�17)

Pooled relative risk (95% CI) 1�16 (0�81 to 1�67)

Adapted from Belviq FDA documentation.
aFDA-defined valvulopathy is defined as mild or greater aortic insufficiency and/or moderate or greater mitral insufficiency.
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examined, the FDA will require post-marketing studies involving
CV outcomes to determine the risk of major adverse CV events.

The prescribing information includes warnings and precautions
regarding specific patient populations. It recommends using
lorcaserin with caution in patients with congestive heart failure
(CHF), valvular disease and pulmonary hypertension because
studies did not include these patient populations. Data also
suggest 5HT2b serotonin receptors may be overexpressed in
CHF.44,50 The high affinity of lorcaserin for the 5-HT2c receptor
compared with the other 5-HT2 receptors may be lost if the 5-HT2
receptor ratio is altered. Due to the potential risk of adverse CV
outcomes in these populations, use of lorcaserin is not recom-
mended.

Phentermine/Topiramate. Phentermine/Topiramate (QsymiaTM, VI-
VUS Inc., Mountain View, CA, USA) is a low-dose, controlled
release, combination product. Phentermine is a centrally acting
sympathomimetic, similar to amphetamine, which stimulates
release of norepinephrine from the hypothalamus.51,52 It was first
approved for the short-term treatment of obesity in 1959. Topira-
mate is approved for the treatment of epilepsy and migraine
prophylaxis. Topiramate was initially studied for weight loss as a
single agent; however, the dose-dependent neuropsychiatric
effects, such as memory and mood effects, prevented the realiza-
tion of this indication. Topiramate blocks neuronal voltage-
dependent sodium channels, boosts GABA activity, antagonizes
glutamate receptors and inhibits carbonic anhydrase.53 However,
the exact mechanism in weight loss is largely unknown. A possible
mechanism associated with topiramate includes decreased caloric
intake, as indicated by human studies, but other mechanisms may
contribute. Animal studies indicate other mechanisms may include
increased energy expenditure, decreased food intake, decreased
energetic efficiency, increased thermogenesis and/or increased
insulin sensitivity.53–55 There appears to be a possible synergistic
effect when combined. However, this has not been examined
clinically. The combination is formulated to achieve peak exposure
to each drug separately. The peak exposure of the immediate-
release phentermine occurs in the morning, whereas the peak
exposure to the extended-release topiramate occurs in the late
afternoon or evening to coincide with late afternoon/evening
hunger.56

CONQUER was a randomized, double-blind, placebo-con-
trolled trial that examined the efficacy and safety of phenter-
mine/topiramate controlled release combination for weight loss in
overweight and obese individuals with two or more risk factors
(hypertension, dyslipidemia, diabetes or prediabetes, or abdomi-
nal obesity). In this 1-year trial, 2487 patients were randomized to
receive phentermine 7�5 mg/topiramate 46 mg once daily (P/T

7�5/46), phentermine 15 mg/topiramate 92 mg once daily (P/T
15/92) or placebo. Both doses of phentermine/topiramate had
significantly improved weight loss compared with placebo. At the
end of the study, patients receiving placebo lost significantly less
weight than either the lower dose phentermine/topiramate com-
bination or the higher-dose combination, respectively (�1�4 kg vs.
�8�4 kg vs. �10�2 kg, P < 0�0001 for each compared to placebo).
Significantly, more patients achieved ≥5% weight loss compared
with placebo (21%) in both treatment groups (lower dose 62%,
P < 0�0001; higher dose 70%, P < 0�0001) (Table 1). In terms of the
cardiometabolic endpoints, both treatment groups demonstrated
significantly reduced waist circumference, blood pressure, total
cholesterol, triglycerides, fasting glucose, glycated haemoglobin
and C-reactive protein (CRP) compared with placebo (Table 2).
These reductions were more evident in patients with pre-existing
risk factors. Average heart rate was increased in the high-dose
treatment group compared with baseline (1�7 beats per minute;
95% CI 0�9 to 2�4; P < 0�0001). More patients in the treatment
groups experienced increases of more than 10 beats per minute at
consecutive visits as well.51

The SEQUEL trial was a 52-week extension of the CONQUER
study. In this trial, 866 patients continued their originally
randomized treatment for a total of 108 weeks. The results from
the CONQUER trial were sustained in SEQUEL. Both doses of
phentermine/topiramate significantly improved weight loss com-
pared with placebo, as well as cardiometabolic markers with
decreased utilization of medications to treat the cardiometabolic
disease states. Percentage change from baseline body weight was
�1�8%, �9�3% and �10�5% for placebo, P/T 7�5/46 and P/T 15/
92, respectively (P < 0�0001 for each compared with placebo).
Absolute mean weight loss was �2�1 kg, �9�6 kg and �10�9 kg for
placebo, P/T 7�5/46 and P/T 15/92, respectively (P < 0�0001 for
each compared with placebo).57

EQUIP examined the efficacy and safety of phentermine/
topiramate in patients with class II or class III obesity (BMI ≥35).
Patients were randomized to receive placebo, phentermine/topi-
ramate 3�75 mg/23 mg (P/T 3�75/23) or P/T 15/92 in addition to
a reduced calorie diet. Both treatment groups lost significantly
more body weight compared with placebo at 56 weeks (P < 0�0001
for each), as well as significantly more patients achieving a weight
loss of >5% (P < 0�0001 for each). Both the low-dose and high-dose
combination demonstrated improved waist circumference and
blood pressure compared to placebo, with the high-dose treatment
demonstrating improved total cholesterol, LDL-c, HDL, triglyce-
rides and fasting serum glucose. The high-dose treatment
increased heart rate from baseline by 1�2 beats per minute
(P = 0�0830), which may be ascribed to the sympathomimetic
activity of phentermine.52

Table 5. Mean changes in surrogate cardiovascular endpoints (1-year results)56

Placebo
n = 1532

P/T 3�75 mg/23 mg
n = 234

P/T 7�5 mg/46 mg
n = 488

P/T 15 mg/92 mg
n = 1553

Systolic BP (mm Hg) �2�1 (14�01) �3�3 (11�95) P = 0�2322 �5�2 (14�77) P < 0�0001 �5�2 (14�48) P < 0�0001
Diastolic BP (mm Hg) �1�9 (9�61) �0�9 (8�29) P = 0�1362 �3�3 (9�87) P = 0�0044 �2�9 (9�40) P = 0�0023
Heart rate (beats/minute) 0�0 (10�19) 1�3 (10�32) P = 0�0688 0�6 (10�18) P = 0�2933 1�6 (10�28) P < 0�0001
Rate-pressure product �0�15 (1�67) �0�09 (1�54) P = 0�5470 �0�30 (1�73) P = 0�1686 �0�19 (1�69) P = 0�3306

Mean change (SD), P-value compared with placebo.
Adapted from Qsymia FDA documentation.
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Like lorcaserin, phentermine/topiramate trials also had high
dropout rates, lack of population diversity and high numbers of
female participants.

Initially, in 2010, the FDA rejected phentermine/topiramate due
to concerns for adverse effects. The FDA required more informa-
tion regarding the elevations in heart rate and its relation to
adverse CV events. In response to the FDA’s request, VIVUS, the
drug’s manufacturer, evaluated pooled data from the original
studies to examine adverse CV events related to the increase in
heart rate associated with phentermine/topiramate. (Table 5)

The report included analysis of heart rate, cardiac arrhythmias,
rate-pressure product, major CV outcomes and mortality risk
scores. The predictor of increased heart rate was baseline heart
rate. Patients with lower baseline heart rates experienced the
largest increase in heart rates. Cardiac arrhythmic effects occurred
more frequently in the P/T 15/92 (4�7%) and P/T 7�5/46 (4�2%)
groups compared with placebo (1�8%). The majority of these
events were palpitations, increased heart rate and tachycardia. The
change in rate-pressure product (RPP) was not statistically
different when comparing treatment groups with placebo. Increase
in RPP is associated with an increase in myocardial oxygen
demand, which may lead to adverse cardiac events. Treatment
groups were associated with a decrease in RPP.56

Additionally, VIVUS used risk models, including Cooper Clinic
Mortality Risk Index, to assess the overall all-cause mortality
effects of phentermine/topiramate. The Cooper Clinic Mortality
Risk Index accounts for the following factors: age, heart rate, blood
pressure, diabetic status, smoking status and body mass index
(BMI). A drawback to this risk model is that validation occurred in
a population that consisted only of men. When applied separately
to the male and female patients of the 1-year cohort, it demon-
strated a significant reduction in mortality risk scores in the
higher-dose groups in both male and female patients. However,
our ability to draw conclusions from these data is limited because
a risk model was utilized instead of a randomized, controlled trial
powered to detect differences in mortality.56

Lastly, they analysed a variety of major CV outcomes. These
included composite of CV death, MI and stroke; composite of CV
death, stroke, coronary revascularization and unstable angina
(Jupiter MACE); and other composite major adverse CV events.
Hazard ratios were less than one for all composite CV outcomes
examined; however, due to the low number of events, the 95%
confidence intervals were wide. There were a limited number of
adverse CV events in the studies making it difficult to draw

conclusions regarding the effect of phentermine/topiramate on
these outcomes. The authors were unable to find a connection
between heart rate and adverse CV events.56 (Table 6)

In July 2012, after review of the new analysis, the FDA approved
phentermine/topiramate for chronic weight management in addi-
tion to diet and exercise. However, like lorcaserin, the FDA will
require post-marketing studies to assess long-term CV outcomes
and risk of major adverse CV events. The prescribing information
includes a warning for increased heart rate and advises monitoring
for patients with cardiac or cerebrovascular disease. If palpitations,
high heart rates at rest or significant increases in heart rate are
noted, it is recommended to decrease dose or discontinue therapy.
Because phentermine/topiramate has not been studied in patients
with recent or unstable cardiac or cerebrovascular disease, use is
not recommended in these patient populations.

Pipeline agents

Naltrexone/Bupropion was submitted to the FDA for approval in
2010. In the FDA’s response letter, they asked the company for a
randomized, double-blind, placebo-controlled trail to assess the
risk of major adverse CV events.

The COR-I (Contrave Obesity Research I) trial assessed the
efficacy and safety of sustained-release naltrexone/bupropion for
weight loss in 1742 overweight and obese patients (BMI 30–45 kg/
m2 or BMI 27–45 with dyslipidemia or hypertension). Exclusion
criteria included type 1 or 2 diabetes, and cerebrovascular, CV,
hepatic or renal disease. Patients were randomized to receive SR
naltrexone/bupropion 16 mg/180 mg twice daily, SR naltrexone/
bupropion 8 mg/180 mg twice daily or placebo twice daily for
56 weeks. Compared with placebo, patients who received SR
naltrexone/bupropion achieved significantly more weight loss.
This was evident in both the high-dose group (6�1% vs. 1�3%,
P < 0�0001 compared with placebo) and the low-dose group (5�0%
vs. 1�3%, P < 0�0001 compared with placebo). Patients who
achieved a weight loss of ≥5% were also significantly higher in
both treatment groups compared to placebo. In the high-dose
group, 48% of patients attained this endpoint compared to 16% in
the placebo arm (P < 0�0001). In the low-dose group, 39% of
patients lost ≥5% of their baseline weight (P < 0�0001 compared
with placebo). Patients in both treatment groups had a significant
increase in HDL and decrease in triglycerides and CRP compared
with placebo with no significant difference in LDL at 56 weeks.
However, there was a transient increase in mean blood pressure

Table 6. Incidence rates per year for cardiovascular outcomes56

Placebo
n = 1742

P/T 3�75/23 mg
n = 240

P/T 7�5/46 mg
n = 604

P/T 15/92 mg
n = 1737

P/T Total
n = 2581 Hazard ratiod 95% CI

CV death, MI, stroke 0�3 0�5 0�3 0�2 0�3 0�84 0�26–2�64
Jupiter MACEa 0�6 0�5 0�3 0�3 0�3 0�55 0�21–1�42
FDA MACEb 0�6 0�5 0�3 0�3 0�3 0�49 0�19–1�25
Modified FDA MACEc 0�8 0�5 0�6 0�5 0�5 0�62 0�29–1�33

Adapted from Qsymia FDA documentation. MACE = major adverse cardiovascular events.
aCV death, MI, stroke, coronary revascularization and unstable angina.
bCV death, MI, stroke, coronary revascularization, unstable angina and congestive heart failure.
cCV death, ACS, cerebrovascular events, coronary revascularization, hospitalization for heart failure, stent thrombosis, hospitalization for other CV causes,
carotid artery revascularization, peripheral vascular revascularization, lower extremity amputation, hospitalization for cardiac arrhythmia.
dHazard ratio is from a univariate Cox proportional hazards regression analysis comparing P/T Total to placebo.
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from baseline in the treatment groups, and blood pressure was
increased compared with placebo in both treatment groups.58 A
trial investigating cardiovascular outcomes of naltrexone–bupro-
pion in obese and overweight patients with cardiovascular risk
factors is currently ongoing.59

There are medications indicated for type 2 diabetes that are
associated with the potential for weight loss as well. These
medications include glucagon-like peptide-1 (GLP-1) receptor
agonists (liraglutide and exenatide), amylinomimetic (pramlintide)
and metformin. Several of these agents are either undergoing or
have recently completed clinical trials in obese patients without
diabetes.59

Small studies have demonstrated GLP-1 receptor agonists have
the potential to increase satiety, decrease food intake, and induce
weight loss.60,61 However, emerging evidence suggests these agents
have potential for cardiovascular benets beyond blood glucose
control and weight loss as well.62 However, this evidence is
preliminary and requires further investigation in large clinical trials.

Other agents currently in clinical trials include: bupropion/
zonisamide, pramlintide/metreleptin, canagliflozin, cetilistat and
velneperit.59

WHAT IS NEW AND CONCLUSION

Obesity continues to adversely affect a large portion of the
population, and its prevalence continues to rise. It is also a risk
factor for CV disease, and new treatment options are needed.
However, safety issues, specifically adverse CV events, have
significantly influenced the ability of weight loss pharmacothera-
pies to make it to or remain on the market. This was evident in the
decade long gap between FDA approvals of new weight loss
medications. The market drought ended with the approval of
lorcaserin and phentermine/topiramate. In Table 1, we compare
the efficacy outcomes across the main trials for each medication. It
appears phentermine/topiramate may be a slightly more potent
weight loss agent when comparing efficacy outcomes across the

trials. Numerically, phentermine/topiramate had a greater abso-
lute weight loss and per cent weight loss from baseline, and more
patients achieved ≥5% weight loss and ≥10% weight loss than
lorcaserin. However, it is unclear whether this comparison would
continue in a clinical trial. The differences in the methodology of
the trials, patient populations, and diet and exercise interventions
limit the ability to make comparisons across the studies. It is
important to note that there is no head-to-head comparison trial
for these two agents and any comparison made in this paper of the
two agents is only hypothesis generating.

The new weight loss medications potentially have serious risks
associated with their use. If these agents are used, it is important
they are used as indicated in the product labelling. One major
concern is these medications may be used inappropriately,
including use for minor cosmetic weight loss in patients with a
BMI that does not meet the criteria for use. Also, patients who
receive these medications need to be monitored appropriately for
efficacy. If these efficacy criteria (as indicated in product labelling)
are not met, discontinuation of the medication should occur, as it is
unlikely the patient will achieve weight loss if continued. In both
these situations, the risks likely outweigh the benefits of use, or
continued use, of the medications.

Each new agent has unique cardiovascular concerns, and it is
difficult to determine, based on adverse effects, which agent would
be preferred. There are major concerns regarding use in patients
with cardiovascular disease, and there are still many issues that
need to be addressed. These include long-term CV outcomes
studies with and without high-risk CV patients, before these
agents can be recommended in these patient populations. It is yet
to be determined whether modest weight loss benefit of these new
agents outweighs the CV risks.

CONFLICT OF INTEREST

There are no actual or potential conflict of interests to disclose by
any authors of this manuscript.

REFERENCES

1. Flegal K, Carroll M. Prevalence and trends
in obesity among US adults, 1999–2000.
JAMA, 2002;288:1723–1727.

2. Ogden CL, Carroll MD, Kit BK, Flegal KM.
Prevalence of obesity in the United States,
2009–2010. NCHS Data Brief, 2012;82:1–8.

3. Douketis JD, Sharma AM. Obesity and
cardiovascular disease: pathogenic mecha-
nisms and potential benefits of weight
reduction. Semin Vasc Med, 2005;5:25–33.
doi:10.1055/s-2005-871739.

4. Billington C, Epstein L, Goodwin N et al.
Overweight, obesity, and health risk. Arch
Intern Med, 2000;160:898–904.

5. Wing R, Lang W, Wadden T. Benefits of
modest weight loss in improving cardiovas-
cular risk factors in overweight and obese
individualswithType2diabetes.DiabetesCare,
2011;34:1481–1486. doi:10.2337/dc10-2415.

6. Black E, Holst C, Astrup A et al. Long-term
influences of body-weight changes, inde-
pendent of the attained weight, on risk of

impaired glucose tolerance and Type 2
diabetes. Diabet Med, 2005;22:1199–1205.
doi:10.1111/j.1464-5491.2005.01615.x.

7. Goldstein D. Beneficial health effects of
modest weight loss. Int J Obes Relat Metab
Disord, 1992;16:397–415.

8. Jensen MD, Ryan DH, Apovian CM et al.
AHA/ACC/TOS guideline for the manage-
ment of overweight and obesity in adults.
Circulation, 2013. doi: 10.1161/01.cir.
0000437739.71477.ee [Epub ahead of print].

9. Ioannides-Demos LL, Proietto J, McNeil JJ.
Pharmacotherapy for obesity. Drugs,
2005;65:1391–1418.

10. NIH Publication. Clinical Guidelines on the
Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults.; 1998.
Available at: http://hp2010.nhlbihin.net/
oei_ss/download/pdf/CORESET1.pdf.
(accessed 2 May 2013).

11. Bray G. A concise review on the therapeu-
tics of obesity. Nutrition, 2000;16:953–960.

12. Weintraub M, Hasday J. A double-blind
clinical trial in weight control: use of fen-
fluramine and phentermine alone and in
combination. Arch Intern Med, 1984;144:
1143–1148.

13. Guy-Grand B, Crepaldi G, Vre P Interna-
tional trial of long-term dexfenfluramine in
obesity. Lancet, 1989;2:1142–1145.

14. Connolly H, Crary J, McGoon M et al.
Valvular heart disease associated with fen-
fluramine-phentermine. N Engl J Med,
1997;337:581–588.

15. WeeC,PhillipsR,AurigemmaG et al.Risk for
valvularheartdiseaseamongusersof fenflur-
amine and dexfenfluramine who underwent
echocardiography before use of medication.
Ann InternMed, 1998;129:870–874.

16. Sachdev M, Miller WC, Ryan T, Jollis JG.
Effect of fenfluramine-derivative diet pills
on cardiac valves: a meta-analysis of obser-
vational studies. Am Heart J, 2002;144:1065–
1073. doi:10.1067/mhj.2002.126733.

© 2014 John Wiley & Sons Ltd Journal of Clinical Pharmacy and Therapeutics, 2014, 39, 475–484
482

CV effects of weight loss pharmacotherapy C. P. Walter et al.



17. Abenhaim L, Moride Y, Brenot F et al.
Appetite-suppressant drugs and the risk of
primary pulmonary hypertension. N Engl J
Med, 1996;335:609–616. doi:10.1381/096089
297765556114.

18. Rich S, Rubin L. Anorexigens and pulmo-
nary hypertension in the United States:
results from the surveillance of North
American pulmonary hypertension. Chest,
2000;117:870–874.

19. Rothman RB, Baumann MH, Savage JE et al.
Evidence for possible involvement of 5-HT
(2B) receptors in the cardiac valvulopathy
associated with fenfluramine and other
serotonergic medications. Circulation, 2000;
102:2836–2841.

20. Rothman R, Baumann M. Serotonergic
drugs and valvular heart disease. Expert
Opin Drug Saf, 2009;8:317–329. doi:10.1517/
14740330902931524.Serotonergic.

21. Fitzgerald LW, Burn TC, Brown BS et al.
Possible role of valvular serotonin 5-HT(2B)
receptors in the cardiopathy associated with
fenfluramine. Mol Pharmacol, 2000;57:75–81.

22. Eddahibi S, Adnot S. Anorexigen-induced
pulmonary hypertension and the serotonin
(5-HT) hypothesis: lessons for the future in
pathogenesis. Respir Res, 2002;3:1–4.

23. Dempsie Y, MacLean MR. Pulmonary
hypertension: therapeutic targets within
the serotonin system. Br J Pharmacol,
2008;155:455–462. doi:10.1038/bjp.2008.241.

24. Scheen A. Cardiovascular risk-benefit pro-
file of sibutramine. Am J Cardiovasc Drugs,
2010;10:321–334.

25. Product information. Meridia (sibutramine).
Abbott Laboratories. 2001.

26. James W, Caterson I. Effect of sibutramine
on cardiovascular outcomes in overweight
and obese subjects. N Engl J Med, 2010;363:
905–917.

27. Haller CA, Jacob P, Benowitz NL. Pharma-
cology of ephedra alkaloids and caffeine
after single-dose dietary supplement use.
Clin Pharmacol Ther. 2002;71:421–432. doi:10.
1067/mcp.2002.124523.

28. Haller CA, Benowitz NL. Adverse cardio-
vascular and central nervous system events
associated with dietary supplements con-
taining ephedra alkaloids. N Engl J Med,
2000;343:1833–1838. doi:10.1056/NEJM2000
12213432502.

29. Shekelle P, Hardy M, Morton S et al. Effi-
cacy and safety of ephedra and ephedrine
for weight loss and athletic performance: a
meta-analysis. JAMA, 2003;289:
1537–1545.

30. Department of Health and Human Services.
Final rule declaring dietary supplements
containing ephedrine alkaloids adulterated
because they present an unreasonable risk;
final rule. Fed Reg, 2004;69:6787–6854.

31. White L, Gardner S, Marx M, Wang P, Estes
M. Pharmacokinetics and cardiovascular
effects of ma-huang (Ephedra sinica) in nor-
motensive adults. J Clin Pharmacol, 1997;
37:116–122.

32. Palamar J. How ephedrine escaped regula-
tion in the United States: a historical review
of misuse and associated policy. Health
Policy, 2011;99:1–9. doi:10.1016/j.healthpol.
2010.07.007.

33. Bailes J, Cantu R, Day A. The neurosurgeon
in sport: awareness of the risks of heatstroke
and dietary supplements. Neurosurgery,
2002;51:283–288. doi:10.1227/01.NEU.00000
20569.68133.12.

34. Kernan WN, Viscoli CM, Brass LM et al.
Phenylpropanolamine and the risk of hem-
orrhagic stroke. N Engl J Med, 2000;343:
1826–1832. doi:10.1056/NEJM200012213432
501.

35. Padwal RS, Majumdar SR. Drug treatments
for obesity: orlistat, sibutramine, and rimo-
nabant. Lancet, 2007;369:71–77. doi:10.1016/
S0140-6736(07)60033-6.

36. Rucker D, Padwal R, Li SK, Curioni C, Lau
DCW. Long term pharmacotherapy for
obesity and overweight: updated meta-
analysis. BMJ, 2007;335:1194–1199. doi:10.
1136/bmj.39385.413113.25.

37. Padwal R, Li S, Lau D Long-term pharma-
cotherapy for obesity and overweight. Coch-
rane Database Syst Rev, 2004;3:CD004094.

38. Torgeson J, Hauptman J, Boldrin M,
Sj€ostr€om L. XENical in the prevention of
diabetes in obese subjects (XENDOS) study.
Diabetes Care, 2004;27:155–161.

39. Haddock CK, Poston WSC, Dill PL, Foreyt
JP, Ericsson M. Pharmacotherapy for obes-
ity: a quantitative analysis of four decades
of published randomized clinical trials. Int J
Obes Relat Metab Disord, 2002;26:262–273.
doi:10.1038/sj.ijo.0801889.

40. Charakida M, Finer N. Drug treatment of
obesity in cardiovascular disease. Am J
Cardiovasc Drugs, 2012;12:93–104. doi:10.21
65/11599000-000000000-00000.

41. Kang JG, Park C-Y. Anti-obesity drugs: a
review about their effects and safety. Diabe-
tes Metab J, 2012;36:13–25. doi:10.4093/dmj.
2012.36.1.13.

42. Miller K. Serotonin 5-HT2c receptor agon-
ists: potential for the treatment of obesity.
Mol Interv, 2005;5:282–291.

43. Pasqualetti M, Ori M, Castagna M, Marazz-
iti D, Cassano GB, Nardi I. Distribution and
cellular localization of the serotonin type 2C
receptor messenger RNA in human brain.
Neuroscience, 1999;92:601–611.

44. Product information. (BELVIQ) Lorcaserin.
Zofingen, Switzerland: 2012.

45. Huang X, Setola V, Yadav P. Parallel func-
tional activity profiling reveals valvulopath-

ogens are potent 5-hydroxytryptamine2B
receptor agonists: implications for drug
safety assessment. Mol Pharmacol, 2009;
76:710–722. doi:10.1124/mol.109.058057.

46. Smith SR, Weissman NJ, Anderson CM
et al. Multicenter, placebo-controlled trial
of lorcaserin for weight management. N
Engl J Med, 2010;363:245–256. doi:10.1056/
NEJMoa0909809.

47. 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;96:3067–3077. doi:10.1210/jc.
2011-1256.

48. 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;20:1426–1436.
doi:10.1038/oby.2012.66.

49. FDA Briefing Document: NDA 22529. BEL-
VIQ (lorcaserin). Arena Pharmaceuticals.

50. Jaffr�e F, Bonnin P, Callebert J et al. Serotonin
and angiotensin receptors in cardiac fibro-
blasts coregulate adrenergic-dependent car-
diac hypertrophy. Circ Res, 2009;104:113–
123. doi:10.1161/CIRCRESAHA.108.180976.

51. Gadde KM, Allison DB, Ryan DH et al.
Effects of low-dose, controlled-release,
phentermine plus topiramate combination
on weight and associated comorbidities in
overweight and obese adults (CONQUER):
a randomised, placebo-controlled, phase 3
trial. Lancet, 2011;377:1341–1352. doi:10.10
16/S0140-6736(11)60205-5.

52. Allison DB, Gadde KM, Garvey WT et al.
Controlled-release phentermine/topiramate
in severely obese adults: a randomized
controlled trial (EQUIP). Obesity (Silver
Spring), 2012;20:330–342. doi:10.1038/oby.
2011.330.

53. Richard D, Ferland J, Lalonde J, Samson P,
Deshaies Y. Influence of topiramate in the
regulation of energy balance. Nutrition,
2000;16:961–966.

54. Richard D, Picard F, Lemieux C, Lalonde J,
Samson P, Deshaies Y. The effects of topi-
ramate and sex hormones on energy balance
of male and female rats. Int J Obes Relat
Metab Disord, 2002;26:344–353. doi:10.1038/
sj.ijo.0801873.

55. Picard F, Deshaies Y, Lalonde J, Samson P,
Richard D. Topiramate reduces energy and
fat gains in lean (Fa/?) and obese (fa/fa)
Zucker rats. Obes Res, 2000;8:656–663.
doi:10.1038/oby.2000.84.

56. FDA Briefing Document: NDA 022580.
Qnexa (phentermine/topiramate). Vivus,
Inc.

57. Garvey W, Ryan D, Look M. metabolic
benefits with controlled-release phenter-

© 2014 John Wiley & Sons Ltd Journal of Clinical Pharmacy and Therapeutics, 2014, 39, 475–484
483

CV effects of weight loss pharmacotherapy C. P. Walter et al.



mine/topiramate in obese and overweight
adults (SEQUEL): a randomized, placebo-
controlled, phase 3 extension. Am J Clin
Nutr, 2012;95:297–308. doi:10.3945/ajcn.111.
024927.INTRODUCTION.

58. Greenway FL, Fujioka K, Plodkowski RA
et al. Effect of naltrexone plus bupropion on
weight loss in overweight and obese adults
(COR-I): a multicentre, randomised, double-
blind, placebo-controlled, phase 3 trial.

Lancet, 2010;376:595–605. doi:10.1016/
S0140-6736(10)60888-4.

59. ClinicalTrials.gov: A service of the U.S.
National Institutes of Health. Available at:
http://www.clinicaltrials.gov/. (accessed
April 2013)

60. Flint A, Raben A, Astrup A, Holst J. Gluca-
gon-like peptide 1 promotes satiety and
suppresses energy intake in humans. J Clin
Invest, 1998;101:515–520.

61. Naslund E, King N, Mansten S et al.
Prandial subcutaneous injections of gluca-
gon-like peptide-1 cause weight loss in
obese human subjects. Br J Nutr, 2004;91:
439–446.

62. Angeli F, Shannon R. Incretin-based thera-
pies: can we achieve glycemic control and
cardioprotection? J Endocrinol, 2014;221:
T17–T30.

© 2014 John Wiley & Sons Ltd Journal of Clinical Pharmacy and Therapeutics, 2014, 39, 475–484
484

CV effects of weight loss pharmacotherapy C. P. Walter et al.


