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Abstract

Objective. The elevated prevalence of metabolic syndrome (MetS) in patients with depression
has been associated with increased mortality. This post hoc analysis assessed the effect of
treatment with lurasidone on risk of MetS in patients with bipolar depression.
Methods. Data used in the current analyses consisted of 3 double-blind (DB), placebo-
controlled, 6-week studies in adults with bipolar I depression (N = 1192), consisting of
1 monotherapy, and 2 adjunctive trials (lithium or valproate). Also analyzed was a 6-month
open-label (OL) extension study (monotherapy, N = 316; adjunctive therapy, N = 497); and a
5-month, OL, stabilization phase followed by randomization to a 28-week DB, placebo-
controlled, adjunctive therapy study with lurasidone (N = 490). MetS was defined based on
NCEP ATP III criteria (2005 revision).
Results. The proportion of patients with new-onsetMetS was similar for lurasidone vs placebo in
the short-term studies (monotherapy, 13.9% vs 15.3%; adjunctive therapy, 13.6% vs 11.0%); and
remained stable during both the 6-month extension phase study (monotherapy, 15.2%; adjunctive
therapy, 16.9%), and the 5-month stabilization study (adjunctive therapy, 12.2%). After 28 weeks
of DB treatment (following 5-month treatment in the stabilization study), new onset MetS was
observed at endpoint (OC) in 26.2% of the lurasidone group, and 30.8% of the placebo group.
Conclusions.This post hoc analysis found that both short and long-term treatmentwith lurasidone
was associated with a relatively low risk for the development of MetS in patients with bipolar I
disorder. These findings are consistent with similar analyses in patients with schizophrenia.

Introduction

Bipolar I disorder is a relatively common disorder (worldwide prevalence ~1%) characterized by
a high degree of chronicity with recurrent major depressive episodes predominating over manic
or hypomanic episodes during the symptomatic phase of illness.1-3 The chronicity of the illness is
associated with a level of functional impairment that results in bipolar disorder being ranked
among the top 20 causes of disability worldwide.4,5

The long-term course of bipolar disorder is associated with an 8 to 15-year mean reduction in
life expectancy compared to the general population.6-9 The higher mortality rate is attributable
both to higher rates of suicide and higher rates of mortality due to medical illness.8,9 Specifically,
individuals with bipolar disorder have higher rates of obesity, hypertension, and diabetes
mellitus compared to the general population.10-13 This constellation of metabolic abnormalities;
central adiposity, dyslipidemia, hypertension, and hyperglycemia, known as metabolic syn-
drome (MetS) is associated with an increased risk of cardiovascular disease and type 2 diabetes.14

MetS is common in patients with mood disorders. The results of one meta-analysis reported a
pooled MetS prevalence of 31.7% for bipolar disorder (N = 5827) and a pooled MetS prevalence
of 31.3% for unipolar major depression (N = 5415).15

There is mounting evidence to suggest that cardiovascular disease and depressive disorders
may share several underlying pathophysiological mechanisms, most notably high levels of
inflammation (eg, inflammatory cytokines and high-sensitivity-CRP),16-18 high levels of oxida-
tive stress markers,19,20 and an elevated level of autonomic dysfunction.21,22 Development of
MetS may also be exacerbated by treatments for bipolar disorder with certain atypical antipsy-
chotic agents andmood stabilizers which can significantly increase the risk of developing obesity,
insulin resistance, and dyslipidemia.23-27 However, it should be noted that the increased risk of
metabolic syndrome in bipolar depression has been shown to occur independent of treatment
with psychiatric medications.17,28

Onset of bipolar disorder occurs in childhood or adolescence in the majority of individuals,29

and the pathogenesis of vascular and metabolic abnormalities has a similarly early onset in this
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population,17 so much so that a scientific statement from the
American Heart Association has warned that “…bipolar disorder
predispose(s) youth to accelerated atherosclerosis and early car-
diovascular disease” (see also the “Call to Action” of the Vascular
Task Force of the International Society for Bipolar Disorders).30

Lurasidone is a second-generation antipsychotic agent that is
approved in the US (and in several other countries) for the treat-
ment of bipolar depression in adults and adolescents (age 10 to 17)
as monotherapy, and as adjunctive therapy with lithium or valpro-
ate in adults. Evidence for the safety and efficacy of lurasidone in
the treatment of bipolar depression is based on a series of short-
term31-34 and long-term studies.35-38

Lurasidone is recommended as a first-line treatment in adults
with bipolar I depression in international guidelines39-41 and is the
only first-line treatment recommended in pediatric patients with
bipolar depression.41 Lurasidone acts as an antagonist with high
affinity for D2, 5-HT2A, and 5-HT7 receptors, and as a partial
agonist with moderate to high affinity for 5-HT1A receptors.42

Lurasidone exhibits weak affinity for 5-HT2C receptors and no
appreciable affinity for muscarinic M1 and histamine H1 recep-
tors.42 Although the mechanism of action is not fully understood,
there is accumulating preclinical evidence suggesting that lurasi-
done achieves its antidepressant effect via a mixed D2/5-HT7
receptor antagonist mechanism (as summarized in Okubo et al43).

The objective of this analysis was to assess the effect of treatment
with lurasidone on the rates of MetS in adult patients with bipolar
depression. The analyses include data from three short-term
(6 weeks) and two longer-term lurasidone clinical trials.

Methods

The protocols for all studies in this pooled post hoc analysis were
approved by an independent ethics committee or institutional
review board and all studies were conducted in accordance with
the International Conference on Harmonization Good Clinical
Practice guidelines and with the ethical principles of the Declara-
tion of Helsinki. All patients reviewed and signed an informed
consent document explaining study risks and procedures prior to
study entry.

Short-term studies

Individual patient data were analyzed from 3 similarly designed
multicenter, randomized, 6-week, placebo-controlled, double-
blind studies of lurasidone for the treatment of bipolar
depression in adults. These studies included: (a) a flexible-dose
study evaluating monotherapy lurasidone (20–60 mg/day)
(N = 166), lurasidone (80–120 mg/day) (N = 169), or placebo
(N = 170) (NCT00868699),32 (b) a flexible-dose study evaluating
lurasidone (20–120 mg/day) (N = 183) or placebo (N = 165)
combined with therapeutic-level dosing with either lithium or
valproate (NCT00868452),33 and (c) a flexible-dose study evaluat-
ing lurasidone (20–120 mg/day) (N = 180) or placebo (N = 176)
combined with therapeutic-level dosing with either lithium or
valproate (NCT01284517).34

All patients who entered the short-term trials were ages 18–75,
met DSM-IV-TR criteria44 for bipolar disorder, and currently
experiencing amajor depressive episode withMontgomery-Åsberg
Depression Rating Scale (MADRS)45 score ≥ 20 and a Young
Mania Rating Scale (YMRS)46 score ≤ 12. Key exclusion criteria
were an acute or unstable medical condition, alcohol or other drug

abuse (past 3 months) or dependence (past 12 months), imminent
risk of suicide, or history of nonresponse to 3 or more adequate
trials of an antidepressant during the current depressive episode.

Safety assessments included vital signs and laboratory assess-
ments obtained on all patients at baseline and week 6 (or last visit).

Long-term studies

The long-term studies included: (a) a 6-month open-label lurasi-
done (20–120 mg/day) extension study that enrolled patients who
completed one of the three 6-week double-blind studies
(NCT00868699),35 (b) a multicenter (26 sites in the U.S., South
America, Europe, and Asia) open-label lead-in study in which
patient received 12 to 20 weeks of lurasidone (20–120 mg/day)
combined with lithium or valproate during an initial stabilization
phase (NCT01358357),36 and (c) a double-blind maintenance
phase that enrolled clinically stabilized patients who completed
the lead-in study and were randomized to continue adjunctive
lurasidone (20–120 mg/day) in combination with lithium or
valproate, or switch to placebo (in combination with lithium or
valproate), for 28 weeks.36

For the Calabrese et al study,36 patients who met DSM-IV-TR
criteria for bipolar I disorder were enrolled if they had 1 or more
manic, mixedmanic, or depressed episodes in the past 2 years and a
current YMRS or MADRS total score of 14 or greater (if treated
with lithium or valproate at the time of the screen visit) or 18 or
greater (if not on lithium or valproate). Key exclusion criteria were
the same as for the short-term studies. Safety assessment included
vital signs and laboratory tests obtained at open-label baseline and
endpoint in the Ketter et al study,35 and baseline, end of 12–20-
week lead-in phase, and end of 28-week double-blind phase in the
Calabrese et al.36

Classification of metabolic syndrome

Patients were classified as having metabolic syndrome based on the
2005 revision of the NCEP ATP III criteria47 when any 3 of the
following 5 criteria were met: elevated waist circumference
(≥102 cm for men, ≥88 cm for women), elevated triglycerides
(≥150 mg/dL), reduced high-density lipoprotein cholesterol
(<40mg/dL inmen, <50mg/dL inwomen), elevated blood pressure
(systolic≥130mmHg or diastolic≥85mmHg), or elevated fasting
glucose (≥100 mg/dL).

Statistical analysis

For the short-term studies, the analysis population consisted of
patients who were randomly assigned to treatment, received ≥1
dose of study medication, and had a baseline assessment for
metabolic syndrome. For the open-label Ketter et al. study35 and
lead-in phase of the Calabrese et al. study,36 the analysis population
consisted of all patients who received ≥1 dose of open-label study
medication and had a baseline assessment for metabolic syndrome.
The analysis population for the 28-week double-blind phase of the
Calabrese et al study37 comprised all patients enrolled in that phase
who received at least one dose of double-blind study medication
and had endpoint (post baseline of the 28 week phase) data for
determining metabolic syndrome classification.

For both the short and long-term studies, the percent of patients
who had MetS at baseline and endpoint (observed case analysis
[OC] or last observation carried forward [LOCF]) was calculated
for each treatment group. In addition, the percent of patients who
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had new onset MetS (ie, did not qualify for MetS at baseline but did
qualify at endpoint) was calculated. Finally, the proportion of
patients with clinically significant weight gain or weight loss
(≥7%) was calculated; number needed to harm (NNH) values were
also calculated for the placebo-controlled studies.

Results

Pooled analysis of short-term studies

In the pooled analysis of the 3 double-blind, placebo-controlled,
short-term studies, there were 1209 randomized patients with
bipolar I depression, of whom 1192 patients received at least one
dose of study medication and had a baseline assessment with met-
abolic data. In this group, a total of 941 (78.9%) were study com-
pleters; of these 1192 patients, 330 were treated with lurasidone
monotherapy, 168 with placebo monotherapy, 360 with lurasidone
adjunctive with lithium or valproate, and 334 with placebo adjunc-
tive with lithium or valproate. For the pooled sample overall, 46.7%
were male, 64% were white, and the mean age was 42.2 years
(Table 1). Themean (SD) duration of the current depressive episode
was 2.98 (2.2) months. Based on the NCEP ATP III criteria for each
parameter, abnormal values were observed in 41% of patients for
waist circumference, 37% for HDL cholesterol, 34% for triglycerides,
32% for blood pressure, and 23% for glucose. Combining patients
fromall short-term studies, the overall rate ofmetabolic syndrome at
baseline was 25.2% (300/1192).

Mean changes from baseline to week 6 (LOCF) on each of the
individual metabolic syndrome (MetS) parameters were small for
both the lurasidone monotherapy and the lurasidone adjunctive
therapy studies (Table 2). At LOCF-endpoint the difference in the
proportion of patients with clinically significant weight gain (≥7%)

was small for bothmonotherapy lurasidone vs placebo (NNH= 59)
and for adjunctive therapy (NNH = 36) (Table 2).

At baseline, the proportion of patients meeting criteria for MetS
in the monotherapy and adjunctive therapy studies, respectively,
were 27.6% and 23.6% for lurasidone, and 23.8% and 25.1% for
placebo (Figure 1A). At week 6 (LOCF) the proportion meeting
criteria for MetS in the monotherapy and adjunctive therapy
studies, respectively, were 27.5% and 26.6%, for lurasidone, and
29.9% and 20.2% for placebo (Figure 1A).

Among patients without MetS at baseline (and who had meta-
bolic data available at Week 6), the proportion developing
treatment-emergent MetS by week 6 (LOCF) was similar for
monotherapy lurasidone vs placebo (13.9% vs 15.3%), and for
adjunctive lurasidone vs placebo (13.6% vs 11.0%) (Figure 1B).
Among patients with MetS at baseline, the proportion who no
longer met MetS criteria at week 6 (LOCF) for monotherapy
lurasidone vs placebo was: 39.8% vs 25.0%; and for adjunctive
lurasidone vs placebo was: 32.5% vs 52.0% (Figure 1C).

Long-term studies

In the long-term study section of Table 1, the first two columns
summarize the demographic and clinical characteristics of patients
who had completed one of the short-term, double-blind studies
and were entering the 6-month extension phase. As expected,
patient characteristics at extension phase baseline were similar to
the acute phase baseline characteristics (male, ~47%; white, ~65%;
age, ~43% years; weight, ~79 kg; BMI, ~27 kg/m2). The third
column of Table 1 shows baseline data for patients entering a
5-month open-label, stabilization phase (on adjunctive lurasidone)
prior to being randomized to 28 weeks of double-blind treatment
with either adjunctive lurasidone or placebo. Patients at the

Table 1. Baseline Clinical and Demographic Characteristics

Long-term studies

Open-label
(5/6 months)

Short-term (6 week) double-blind studies 6-month extension 5-month Double-blind (28-week)

Characteristic
Mono-LURa

N = 330
Mono-PBOa

N = 168
Adj-LURb

N = 360
Adj-PBOb

N = 334
Mono-LURc

N = 315
Adj-LURc

N = 491
Adj-LURd

N = 961
Adj-LURe

N = 243
Adj-PBOe

N = 247

Male, % 41.5 46.4 50.0 48.5 44.4 49.3 40.9 44.4 42.9

White, % 66.1 65.5 61.7 63.8 67.9 64.2 81.1 86.4 86.2

Age, years, mean 41.8 41.0 42.0 43.3 42.1 43.0 42.6 45.6 43.2

Weight, kg, mean 77.2 77.2 78.4 78.6 78.3 78.9 83.0 81.9 85.1

BMI, kg/m2, mean 27.4 27.2 27.3 27.3 27.6 27.3 29.0 28.8 29.4

Patients (%) with abnormal metabolic syndrome parameter

Waist circumference 41.5 38.1 39.6 43.5 42.7 42.4 52.0 47.8 54.0

HDL cholesterol 36.9 41.1 37.5 33.8 38.5 34.2 25.5 26.3 28.6

Triglycerides 31.7 29.2 34.7 36.8 31.7 35.5 28.9 34.8 38.9

Blood pressure 36.6 32.7 29.7 30.5 29.1 24.1 32.0 28.0 26.0

Glucose 26.4 25.0 18.7 23.1 26.8 20.2 21.1 26.3 28.9

Note: Sample sizes vary based on data availability. Abnormal metabolic syndrome percentages based on NCEP ATP III criteria cutoff levels for each parameter. The sample sizes represent the
number of patients in the safety population who had data available for individual metabolic syndrome parameters.
Abbreviations: Adj, adjunctive therapy; BMI, body mass index; HDL, high-density lipoprotein; Mono, monotherapy.
aData from Loebel et al.31
bPooled data from Loebel et al32 and Suppes et al.33
c6-month extension phase data from Ketter et al35 that pools patients recruited from the Loebel et al,31 Loebel et al,32 and Suppes et al.33
dData from Calabrese et al36 initial stabilization phase of up to 5 months.
eData from Calabrese et al36 double-blind 6-month maintenance phase.
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5-month, open-label baseline were similar in age (42.6 years) to the
group of patients who continued into the 28-week double-blind
phase, but were somewhat more likely to be white (81.1%) females
(59.1%) with a higher weight (83 kg) and BMI (29 kg/m2).

Table 2 summarizes the mean change in metabolic syndrome
criteria during long-term treatment, based on an observed case
(OC) analysis. At endpoint (OC) in the double-blind 7-month
study, the proportion of patients with clinically significant weight
gain (≥7%) was small for both adjunctive lurasidone and adjunc-
tive placebo (NNH = 15) (Table 2). At endpoint (OC) in the 5–6-
month open-label studies, the proportion with clinically significant
weight gain was larger for patients in the 2 studies who were treated
with adjunctive lurasidone (5.3% and 11.2%) compared to patients
in the studywhowere treatedwith lurasidonemonotherapy (1.8%).

The proportion of patients meeting criteria for MetS at open-
label Baseline and endpoint (OC), respectively, was 28.6% and
27.7% for monotherapy lurasidone, 22.6% and 28.7% for adjunc-
tive lurasidone in the 6-month open-label extension study; 24.7%
and 24.7% for adjunctive lurasidone in the 5-month open-label
study; and 23.5% and 28.0% for adjunctive lurasidone and 30.4%
and 30.8% for adjunctive placebo in the 28-week double-blind
study (Table 3-A).

The proportion of patients meeting criteria for MetS at open-
label Baseline, but who did notmeet criteria at endpoint was 37.3%
(OC) and 34.7% (LOCF) for monotherapy lurasidone and 32.9%
(OC) and 34.4% (LOCF) for adjunctive lurasidone in the 6-month
open-label extension study; 37.0% (OC) and 27.5% (LOCF) for
adjunctive lurasidone in the 5-month open-label study; and 26.2%
(OC) and 30.4% (LOCF) for adjunctive lurasidone and 30.8%
(OC) and 31.9% (LOCF) for adjunctive placebo in the 28-week
double-blind study (Table 3-B).

Among patients in the three long-term studies withoutMetS at
long-term Baseline, the proportion developing treatment-
emergent MetS by endpoint (OC and LOCF) are summarized in
Table 4. The results of the more clinically useful OC analyses found

new-onset cases of MetS to occur at a consistently lower rate in the
lower (40–60 mg/d) doses of lurasidone compared to the higher
(80–120 mg/d) doses in the 6-month extension study (20.3% vs
11.8%), in the 5-month open-label study (14.1% vs 8.5%), and in
the double-blind 28-week study (13.3% vs 6.9%; and vs 16.7% in the
placebo group). A similar pattern of results was observed in the
LOCF lurasidone dose analysis. In the 6-month and 5-month open-
label studies in Table 4, the rate of new-onset MetS was approxi-
mately similar in patients treated with adjunctive lurasidone
regardless of whether the adjunctive agent was lithium or VPA.
However, in the double-blind 28-week study, new-onset cases were
notably higher in patients treated with lurasidone adjunctive with
lithium compared to VPA (20.4% vs 5.7%) but were much lower in
placebo treated patients with lithium compared to VPA (7.9% vs
21.9%).

Discussion

This post hoc, pooled analysis demonstrated that short- and long-
term, adjunctive or monotherapy with lurasidone in patients with
bipolar depression was not associated with a significant increase in
treatment-emergent metabolic syndrome. In comparisons of the
6-week double-blind treatment studies, the proportion of new-
onset cases of MetS were minimally different for both adjunctive
or monotherapy with lurasidone when compared to placebo, with
differences that were neither statistically significant or clinically
meaningful. Furthermore, no clinically meaningful mean changes
in the components of MetS (waist circumference, triglycerides,
high-density lipoprotein cholesterol, hypertension, or fasting glu-
cose) occurred during short-term adjunctive or monotherapy with
lurasidone. Similar results were obtained in the 5–6-month open-
label adjunctive or monotherapy studies with lurasidone (range,
12–18%) and in the double-blind adjunctive therapy study (range,
6–20%). The new-onset MetS rates were offset by higher MetS

Table 2. Mean Change from Baseline in Metabolic Syndrome Criteria; and Mean Change in Weight, and Proportion with ≥ 7% Weight Gain

Short-term studies (6 weeks; LOCF) Long-term studies (OC)

Double-blind studies Open-label studies (5/6 months) Double-blind (28-week)

Metabolic syndrome
parameter, change

Mono-LURa

N = 330
Mono-PBOa

N = 168
Adj-LURb

N = 360
Adj-PBOb

N = 334
Mono-LURc

N = 227
Adj-LURc

N = 330
Adj-LURd

N = 187
Adj-LURe

N = 161f
Adj-PBOe

N = 142g

Waist circumference, cm þ0.1 �0.3 þ0.0 þ0.5 �0.11 þ0.73 þ0.78 þ0.34 þ0.75

HDL cholesterol, md/dL þ0.3 �0.3 �0.2 þ0.6 �0.09 �0.83 �0.26 �1.55 �1.96

Triglycerides, md/dL þ3.0 þ6.0 þ4.6 �4.6 þ5.25 þ5.14 þ7.28 þ5.50 þ6.29

BP, Systolic/diastolic, mm Hg �0.6/þ0.3 �0.3/þ0.5 �1.0/�0.8 �0.3/�1.2 �0.17/þ0.40 þ1.67/þ2.00 �1.28/�0.33 �0.02/þ0.65 �0.83/þ0.03

Glucose, md/dL þ0.5 þ1.8 þ1.2 �0.9 þ0.77 �0.39 þ1.21 �0.77 �0.45

Weight, kg/BMI, kg/m2 þ0.3/þ0.1 �0.0/�0.0 þ0.1/þ0.1 þ0.2/þ0.1 þ0.55/þ0.21 þ0.71/þ0.26 þ0.94/þ0.34 þ0.15/þ0.05 þ0.32/þ0.10

Weight gain ≥ 7%, % 2.4% 0.7% 3.1% 0.3% 5.3% 11.2% 9.6% 6.0% 5.3%

Weight loss ≥ 7%, % 0.7% 1.3% 2.8% 0% 1.8% 5.8% 4.3% 4.8% 4.0%

Note: For patients in the long-term studies, mean change was calculated from open-label baseline. The sample sizes represent the number of patients in the safety population who had data
available for individualmetabolic syndrome parameters in the last observation carried forward (LOCF) analyses for the short-term studies, and the observed case (OC) analyses for the long-term
studies.
Abbreviations: Adj, adjunctive therapy; BMI, bodymass index; BP, blood pressure; HDL, high-density lipoprotein; LOCF, last observation carried forward; Mono,monotherapy; OC, observed case.
aData from Loebel et al.31
bPooled data from Loebel et al32 and Suppes et al.33
c6-month extension phase data from Ketter et al35 that pools patients recruited from the Loebel et al,31 Loebel et al,32 and Suppes et al.33
dData from Calabrese et al36 initial stabilization phase of up to 5 months.
eData from trials of Calabrese et al36 double-blind 6-month maintenance phase.
fWeight/BMI, n = 167.
gweight/BMI, n = 150.
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(A) Percent of Patients Meeting Metabolic Syndrome Criteria at Baseline and Week 6 (LOCF) 

aMonotherapy therapy data from Loebel et al. (2014a).

(B) New Onset Cases: Percent of Patients Without Metabolic Syndrome at Baseline Who Met Criteria for
Metabolic Syndrome at Week 6 (LOCF) 

bAdjunctive therapy results pool data from Loebel et al. (2014b) and Suppes et al. (2016).

cAbbreviations: LOCF = last observation carried forward. Mono = monotherapy. Adj = adjunctive therapy.

(C) Percent of Patients With Metabolic Syndrome at Baseline Who No Longer Met MetS Criteria at Week 6 (LOCF)

Figure 1. Metabolic syndrome status: short-term studies pooled. (A) Percent of patientsmeetingmetabolic syndrome criteria at baseline andweek 6 (LOCF). Monotherapy therapy
data from Loebel et al.31. (B) New onset cases: percent of patients without metabolic syndrome at baseline who met criteria for metabolic syndrome at week 6 (LOCF). Adjunctive
therapy results pool data from Loebel et al32 and Suppes et al.33. (C) Percent of patients withmetabolic syndrome at baseline who no longermet MetS criteria at week 6 (LOCF). Adj,
adjunctive therapy; LOCF, last observation carried forward; Mono, monotherapy.
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offset rates—patients whometMetS criteria at Baseline, but who no
longer metMetS criteria at 5–6-month endpoint—in the two open-
label studies (range, 33–37%) and in the double-blind adjunctive
therapy study (26%). In addition, no clinically meaningful mean
changes in the components of MetS occurred during long-term
adjunctive or monotherapy with lurasidone.

Taken together, these findings are consistent with previous
reports from individual bipolar depression studies which found
minimal effects of lurasidone on weight, lipids, and glycemic
indices,32-36 and extend these previous results to the assessment
of MetS. The results are also consistent with previous short and
long-term studies of lurasidone in the treatment of schizophrenia,
another disorder in which metabolic syndrome is a major clinical
concern.48-57

One notable finding was the consistently lower rate of new-
onset MetS in patients treated with higher doses of lurasidone,
regardless of whether treatment was adjunctive with lithium or
VPA or monotherapy. The lack of any dose–response effect makes
it more likely that lurasidone is metabolically neutral, and that
fluctuations in MetS status is independent of lurasidone-specific
treatment effects.

In a comparison of the metabolic effects of lithium vs VPA,
rates of new-onset MetS were approximately similar in both the
6-month and 5-month open-label studies. However, the results
for the double-blind 28-week study offer a confusing picture,

with notably higher rates of new-onset MetS in the lurasidone/
lithium group compared to the lurasidone/VPA group, but nota-
bly lower rates of new onset MetS in the placebo/lithium group
compared to the placebo/VPA group. The clinical literature
consistently shows that VPA is associated with greater weight
and metabolic effects compared to lithium.58 The reason for the
puzzling metabolic findings on lithium in the double-blind
28-week study is uncertain.

It should be noted that the current post hoc treatment
sample exhibited a somewhat lower MetS prevalence rate at
baseline in both the short-term and long-term lurasidone stud-
ies—25% and 27%, respectively—compared to the MetS preva-
lence rate of 31.7% (95% CI, 27.3%–36.3%) reported in a bipolar
disorder meta-analysis.15 This is likely due to the entry criteria
in the current studies that excluded patients with more severe
“acute or unstable” components of MetS such as diabetes and
hypertension. In addition, the MetS criteria utilized in the
current analysis required that a patient meet specific criteria
for elevated blood pressure, triglycerides, and glucose, while
medication treatment for hypertension, hypertriglyceridemia,
or diabetes was insufficient to qualify as a criterion without
an abnormal lab value.

The high prevalence rate of MetS, together with accumulating
evidence on the presence of inflammatory and oxidative stress
markers associated with vascular endothelial damage in patients
with bipolar depression,16-20 have raised the possibility of shared
pathophysiological processes for bipolar depression and endovas-
cular disease.16,17,19 For example, diabetes/hyperglycemia/insulin-

Table 3. Metabolic Syndrome Status During Long-Term Studies

A. Patients meeting MetS criteria at baseline and at month 5/6 or week 28
endpoint (observed case)

Patients meeting MetS criteria

Open-label 6-month extension study35 Baseline % (n) Month 6 % (n)

Lurasidone monotherapy 28.6 (315) 27.7 (224)

Lurasidone þ Li/VPA 22.6 (491) 28.7 (341)

Open-label 5-month study36 Baseline % (n) Month 5 % (n)

Lurasidone þ Li/VPA 24.7 (961) 24.7 (186)

Double-blind 28-week study36 Baseline % (n) Week 28 % (n)

Lurasidone þ Li/VPA 23.5 (243) 28.0 (164)

Placebo þ Li/VPA 30.4 (247) 30.8 (143)

B. Patients meeting MetS criteria at baseline who did not meet criteria at
month 5/6 or week 28 endpoint (OC and LOCF analyses)

Patients no longer
meeting MetS
criteria (OC)

Patients no longer
meeting MetS
criteria (LOCF)

Open-label 6-month
extension study35

Month 6 % (na) Month 6 % (na)

Lurasidone monotherapy 37.3 (59) 34.7 (75)

Lurasidone þ Li/VPA 32.9 (76) 34.4 (96)

Open-label 5-month study36 Month 5 % (n) Month 5 % (n)

Lurasidone þ Li/VPA 37.0 (46) 27.5 (178)

Double-blind 28-week study36 Week 28 % (n) Week 28 % (n)

Lurasidone þ Li/VPA 26.2 (42) 30.4 (56)

Placebo þ Li/VPA 30.8 (39) 31.9 (72)

Abbreviations: LOCF, last observation carried forward; MetS, metabolic syndrome; OC,
observed case.aNumber of subject who met MetS criteria at baseline and had MetS data
available at month 6 (OC/LOCF).

Table 4. New Onset Metabolic Syndrome: Proportion of Patients Without
Metabolic Syndrome at Baseline Who Met Criteria for Metabolic Syndrome at
Month 5/6 or Week 28 Endpoint

Open-label 6-month extension study35 OC % (n) LOCF % (n)

Lurasidone monotherapy 15.2 (165) 16.2 (198)

Lurasidone þ Li 18.3 (93) 17.4 (121)

Lurasidone þ VPA 16.2 (167) 14.1 (213)

Lurasidone 40–60 mg þ Li/VPA 20.3 (158) 17.5 (200)

Lurasidone 80–120 mg þ Li/VPA 11.8 (102) 11.9 (134)

Open-label 5-month study36 OC % (n) LOCF % (n)

Lurasidone þ Li 12.0 (50) 15.1 (245)

Lurasidone þ VPA 12.4 (89) 14.8 (344)

Lurasidone 20–60 mg þ Li/VPA 14.1 (92) 15.5 (420)

Lurasidone 80 mg þ Li/VPA 8.5 (47) 13.6 (169)

Double-blind 28-week study36 OC % (n) LOCF % (n)

Lurasidone þ Li 20.4 (49) 16.4 (73)

Placebo þ Li 7.9 (38) 13.4 (67)

Lurasidone þ VPA 5.7 (70) 8.7 (104)

Placebo þ VPA 21.9 (64) 16.3 (98)

Lurasidone þ Li/VPA 11.8 (119) 11.9 (177)

Placebo þ Li/VPA 16.7 (102) 15.2 (165)

Lurasidone 40–60 mg þ Li/VPA 13.3 (90) 13.2 (129)

Lurasidone 80 mg þ Li/VPA 6.9 (29) 8.3 (48)

Abbreviation: OC, observed case; LOCF, last observation carried forward.
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resistance and hyperlipidemia have both been reported to be
associated with an increased risk of affective illness.59-65

It is important to note that study entry criteria that excluded
patients with clinically significant baseline abnormalities in fasting
glucose, triglycerides, cholesterol, and blood pressure may reduce
the generalizability of the current study results to patients in the
community.

Regardless of the nature of the connection between bipolar
depression and vascular disease, the increased risk of MetS, vascu-
lar morbidity, and associated reduction in life expectancy among
individuals with a bipolar disorder diagnosis is an important
consideration in clinical decision-making. This is especially true
since maintenance therapy is often indicated in patients with
bipolar disorder. The lack of adverse effects on weight, metabolic
parameters, and risk of MetS in the current post hoc analyses of
short and long-term studies in bipolar depression suggests that
lurasidone may have a favorable risk–benefit profile in the treat-
ment of this chronic and frequently disabling disorder.
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