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Effects of levomilnacipran extended-release on motivation/
energy and functioning in adults with major depressive

disorder

Michael E. Thase?, Carl Gommoll®, Changzheng Chen®, Kenneth Kramer® and

Angelo Sambunaris®

The objective of this post-hoc analysis was to investigate
the relationship between motivation/energy and functional
impairment in patients with major depressive disorder
(MDD). Data were taken from a phase 3 trial of
levomilnacipran extended-release (ER) in adults with MDD
(NCT01034462; N =429) that used the 18-item Motivation
and Energy Inventory (MEI) to assess motivation/energy.
Two subgroups with lower and higher motivation/energy
were defined using baseline MEI total scores (< 28 and

> 28, respectively). Change from baseline in the Sheehan
Disability Scale (SDS) total score was analyzed in the
intent-to-treat (ITT) population and both subgroups. Path
analyses were carried out in the ITT population and a lower
MEI subgroup to assess the direct and indirect effects of
levomilnacipran ER on SDS total score change. In the ITT
population and the lower MEI subgroup, significant
differences were found between levomilnacipran ER and
placebo for changes in the SDS total score (— 2.6 and — 3.9,
both P < 0.01), but not in the higher MEI subgroup. The
indirect effect of levomilnacipran ER on SDS total score
improvement, as mediated by MEI total score change, was

Introduction

Decreased energy, fatigue, loss of interest or pleasure,
and reduced drive or motivation are symptoms of major
depressive disorder (MDD) that are associated with poor
treatment outcomes (Uher e a/., 2012; Calabrese ¢ al.,
2014). These symptoms might not be adequately
improved with serotonergic agents, even in patients who
otherwise respond to treatment. In the STAR*D trial
(McClintock er al., 2011), for example, the majority of
patients who had achieved at least 50% improvement in
overall depression symptom severity after acute treat-
ment with a selective serotonin reuptake inhibitor con-
tinued to experience decreased interest and energy (55.0
and 64.6%, respectively), whereas one-third continued to
feel slowed down (35.6%). Such findings point to the
ongoing need for more clinically relevant information on
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79.9% in the lower MEI subgroup and 67.2% in the ITT
population. Levomilnacipran ER was previously shown to
improve motivation/energy in adults with MDD. The current
analysis indicates that improvements in functional
impairment were considerably mediated by improvements
in motivation/energy, particularly in patients with lower
motivation/energy at baseline. Int Clin Psychopharmacol
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the causes and consequences of unresolved motivation
and energy symptoms in MDD patients, such as the
effects of decreased motivation/energy on treatment
adherence in patients, the need for and/or consequences
of medication switching by clinicians, the associated
increases in healthcare utilization costs, and the impact of
residual symptoms on patient functioning.

Restoration of functional ability remains a primary target
in the management of MDD (APA, 2010), both in terms
of improving individual patient well-being and reducing
healthcare and disability costs (McKnight and Kashdan,
2009; Lam ez al., 2011). As residual impairments in psy-
chosocial functioning have been associated with an
increased risk of episode recurrence (Hardeveld er al.,
2010), further contributing toward the personal and social
burden of MDD, identifying and alleviating symptoms
associated with functional impairment are important
clinical objectives. Fatigue, decreased energy, and loss of
interest/pleasure, which are among most the common
depressive symptoms encountered in clinical settings,
have been shown to negatively affect patient functioning
and workplace productivity (Stahl, 2002; Nutt e al.,

DOI: 10.1097/Y1C.0000000000000138


mailto:thase@mail.med.upenn.edu
http://www.intclinpsychopharm.com

2007). Improving these symptoms may therefore be an
important component of effective MDD management.
As fatigue, lack of energy, and loss of interest can be
more difficult to treat than other depression symptoms
(Nutt ez al., 2007), there remains an ongoing need for
treatments that effectively target these types of
symptoms.

The psychopathological basis of reduced energy and
motivation is not entirely known, but clinical experience
with antidepressant medications suggests that these
symptoms may be related to deficits in dopaminergic and
noradrenergic activity (Stahl, 2002; Nutt ez a/., 2007).
Decreased neurotransmission of dopamine in limbic
regions and the prefrontal cortex is believed to be asso-
ciated with reduced motivation and interest (Nutt ¢ a/.,
2007). In the dorsolateral region of the prefrontal cortex,
decreased dopaminergic and noradrenergic activity may
result in mental fatigue and lack of energy, which con-
tribute toward loss of interest and decreased motivation
as well as indecisiveness, reduced attention, and other
cognitive difficulties (Demyttenaere e a/., 2005; Nutt
et al., 2007). Given the data that support the role of
noradrenaline in regulating these types of symptoms (El
Mansari et al., 2010), drugs that increase both serotonin
and noradrenaline levels may have favorable effects on
motivation and energy in addition to other core depres-
sion symptoms.

Although studies have been carried out that evaluated
the effects of antidepressants and other neuroactive drugs
on energy or fatigue, research focusing on the relation-
ship between energy and motivation, and the effect of
these symptoms on other depressive outcomes such as
functional impairment, is more limited, especially as they
relate to the clinical management of MDD. One con-
tribution to this field has been the introduction of the
Motivation and Energy Inventory (MEI), which was
developed specifically to evaluate the impact of both
motivation and energy on daily functioning in depressed
patients with the goal of detecting antidepressant treat-
ment effects on these symptoms (Fehnel ez a/., 2004).
Fatigue scales (e.g. Brief Fatigue Inventory) or items
from depression scales (e.g. Hamilton Depression Rating
Scale) or health status scales [e.g. Short Form-36 Health
Survey (SF-36)] have been used to indirectly assess
energy and/or motivation, but the MEI provides
researchers with an instrument that recognizes the
interrelationship between motivation and energy and
evaluates how both of these symptom domains affect a
patient’s ability to perform daily activities and willingness
to engage in social interactions.

The MEI has been implemented in several depression
studies, particularly with bupropion (Hewett er a/., 2009,
2010a, 2010b; Soczynska er al., 2014), but continued
efforts are needed to better understand the effects
of different pharmacotherapies on the interrelated
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symptoms of motivation and energy and the extent to
which improvements contribute toward overall depres-
sion symptoms and functional impairment. A validated
short-form (18-item) version of the MEI (Fehnel and
Mcleod, 2005) was used to evaluate motivation/energy in
a phase 3 study of levomilnacipran extended-release
(ER) (Sambunaris e al., 2014), which is now approved
in the USA for the treatment of MDD in adults. A
description of the short-form MEI is provided in
Supplementary Table 1 (Supplemental digital content 1,
htp:fllinks.fow.com/ICP/A19). Part of the rationale for
implementing the MEI in this trial was the pharmacology
of levomilnacipran ER, a serotonin and noradrenaline
reuptake inhibitor that has shown preferential in-vitro
activity at noradrenaline transporters (Auclair ez a/., 2013).
As symptoms such as fatigue, loss of energy, diminished
interest, and difficulties with concentration or attention
are noradrenergic symptoms of MDD (Nutt ¢z a/., 2007),
the MEI was included as an additional efficacy measure
in this levomilnacipran ER study.

As presented in the primary report of this trial
(Sambunaris e a/., 2014), significant mean improvements
with levomilnacipran ER relative to placebo were
detected in the MEI total score and in both MEI sub-
scale scores (i.e. social, cognitive). As reduced motivation
and energy have been associated with poorer functional
outcomes, the current post-hoc analysis of this trial was
carried out to explore the effects of baseline motivation/
energy on functional impairment and functional health as
well as the relationship between improvements in moti-
vation/energy and improvements in function-related
measures.

Methods

Study design and treatment

Post-hoc analyses were carried out using data from a
multicenter, randomized, double-blind, placebo-
controlled trial of levomilnacipran ER in adults with
MDD (Sambunaris e a/., 2014). The study included a
single-blind, placebo run-in period (1 week), a double-
blind treatment period (8 weeks), and a double-blind
down-taper period (2 weeks). Patients were randomized
(1:1) to placebo or flexible-dose levomilnacipran ER
(40-120 mg/day). Levomilnacipran ER treatment was
initiated at 20 mg/day (days 1 and 2) and increased to
40 mg/day (day 3). An increase in dosage from 40 to
80 mg/day was allowed at end of week 1 or 2; an increase
from 80 to 120 mg/day was allowed at the end of week 4
on the basis of inadequate patient response [<50%
improvement in the Montgomery—Asberg Depression
Rating Scale (MADRS) total score from baseline] and
tolerability. No dosage increase was allowed after week 4,
but a decrease to the previous dose level was permitted if
significant tolerability issues developed.

The study included male and female outpatients,
18-80 vyears of age, with a diagnosis of MDD per
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Diagnostic and Statistical Manual of Mental Disorders,
4th ed. Text Revision (DSM-IV-TR) criteria, ongoing
major depressive episode (duration >4 weeks), body
mass index (BMI) greater than or equal to 18 to less than
or equal to 40 kg/m?, and a MADRS total score of at least
30 at screening and baseline. Patients were excluded for
any of the following reasons: Axis I disorder other than
MDD (within the past 6 months); lifetime history of
manic or hypomanic episode; depressive episode with
psychotic features; substance abuse or dependence
(within the past 6 months); other psychiatric disorders or
cognitive disorders; history of nonresponse to greater
than or equal to two antidepressants after adequate
treatment (>8 weeks at approved recommended dosa-
ges); suicide risk on the basis of investigator judgment,
MADRS item 10 score of at least 5, and/or Columbia-
Suicide Severity Rating Scale evaluation.

Efficacy analyses

Efficacy analyses were carried out in the intent-to-treat
(I'T'T) population, defined as all patients who received at
least one dose of double-blind treatment and had at least
1 postbaseline MADRS assessment. The primary efficacy
endpoint was defined as the change from baseline to
week 8 in MADRS total score. Change from baseline to
week 8 in MEI total score was a predefined additional
efficacy parameter in this study. The changes from
baseline to week 8 in MEI subscale scores and the
change from baseline by study visit in MEI total score
were also analyzed. All MEI score changes were analyzed
using a mixed-effects model for repeated measures with
treatment group, pooled study center, visit, and treat-
ment group-by-visit interaction as factors and corre-
sponding baseline and baseline-by-visit interaction as
covariates.

Post-hoc analyses were carried out in two subgroups of
patients who were categorized using the median MEI
total score at baseline: a lower motivation/energy sub-
group (score <28) and a higher motivation/energy sub-
group (score > 28). No statistical analyses were carried out
between these MEI subgroups.

Functional impairment and functional health were eval-
uated using the Sheehan Disability Scale (SDS) and SF-36,
respectively (Supplementary Table 1, Supplemental
digital content 1, Azp://links.lew.com/ICP/A19). Changes
from baseline to week 8 in SDS total and subscale scores
were analyzed in the I'T'T population and in each MEI
subgroup (lower and higher) using an mixed-effects
model for repeated measures with treatment, pooled
study center, visit, MEI subgroup, treatment-by-MEI
subgroup, treatment-by-visit, visit-by-MEI subgroup,
treatment-by-visit-by-MEI subgroup as fixed effects, and
baseline score and baseline score-by-visit as covariates.
Changes from baseline to end of treatment in SF-36
mental  component summary (MCS), Physical
Component Summary (PCS), and individual domain

scores were analyzed in the I'T'T population and in each
MEI subgroup using a last observation carried forward
approach through an analysis of covariance model with
treatment, pooled study center, MEI category, and
treatment-by-MEI category interaction, and correspond-
ing baseline as covariates. Treatment effect sizes for
these score changes were estimated using Cohen’s &
calculation.

Post-hoc path analyses were carried out using multiple
regression models on the basis of available week 8 data
from patients in the I'T'T" population and the lower MEI
subgroup who received levomilnacipran ER. The first
model evaluated the direct effects of levomilnacipran ER
(fixed effect) on SDS total score change (outcome), as
well as the indirect effects of treatment on outcome
through changes in MADRS and MEI total scores
(explanatory variables). The second model included
levomilnacipran ER as the fixed effect, change in SF-36
MCS total score as the outcome, and changes in MADRS
and MEI total scores as explanatory variables. The direct
and indirect treatment effects are presented as percen-
tages of the overall effect of levomilnacipran on outcome
(SDS total score change or SF-36 MCS score change);
these effects do not account for measurement errors or
other extraneous variables.

Results

Patients

At baseline, MEI total scores in the I'T'T" population
ranged from 0 to 90, representing almost the full gamut of
possible scores (total score range, 0-108). The mean MEI
total scores (£SD) in the lower and higher MEI sub-
groups did not overlap (Table 1), suggesting that these
two subgroups had sufficiently different levels of moti-
vation/energy at baseline.

Demographics and MDD history were generally similar
between the lower and the higher MEI subgroups,
except for a larger percentage of women in the MEI up to
28 subgroup (Table 1). The mean baseline MADRS and
SDS scores were similar between treatment groups in
both the lower MEI subgroup and the higher MEI sub-
group. In both MEI subgroups, the mean SF-36 MCS
scores at baseline indicated clinically relevant decre-
ments in mental functional health. The mean SF-36 PCS
scores, however, indicated no or minimal decrements in
physical functional health.

Effects of levomilnacipran ER on motivation/energy

As was reported previously for the I'T'T population
(Sambunaris ez a/., 2014), the mean changes from baseline
to week 8 in MEI total and subscale scores were sig-
nificantly greater with levomilnacipran ER compared with
placebo. The least squares mean difference (LSMD)
between levomilnacipran ER and placebo for these out-
comes were as follows: total score, 5.0; social subscale
score, 1.5; and cognitive subscale score, 2.1; all P values
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Table 1 Baseline characteristics in subgroups categorized by motivation/energy
ITT population Higher motivation/energy® Lower motivation/energy®
PBO (n=214) LVM ER (n=215) PBO (n=111) LVM ER (n=103) PBO (n=102) LVM ER (n=112)

Demographics and MDD history
Age [mean (SD)] (years) 44.6 (13.8) 44.9 (13.9) 44 6 (13.9) 43 2 (13.8) 445 (13.7) 46.5 (12.6)
Women [n (%)] 141 (65.9) 140 (65.1) 8 (61.3) 9 (57.3) 2 (70.6) 81 (72.3)
White [n (%)] 180 (84.1) 176 (81.9) 1 (82.0) 7 (84.5) 8 (86.3) 89 (79.5)
BMI [mean (SD)] (kg/mz) 29.6 (5.3) 29.1 (5.4) 29 7 (5.1) 289 (5.3) 29 5 (5.5) 29.4 (5.5)
MDD duration [mean (SD)] (years) 14.2 (12.2)° 13.9 (18.2)° 15 5 (13.0) 12 9 (13.3) 12 2 (11.3) 14.9 (13.2)
With recurrent episodes [n (%)] 179 (82.5)° 176 (81.1)° 1 (82.0) 4 (81.6) 7 (85.3) 90 (80.4)

Baseline scores [mean (SD)]
MADRS total 35.2 (3.8) 35.0 (3.6) 34.3 (3.6) 33.7 (2.9) 36.3 (3.8) 36.2 (3.7)
MEI total 30.2 (15.1) 29.2 (15.6) 41.7 (11.2) 421 (11.5) 17.7 (6.5) 175 (7.5)
MEI social 7.6 (4.9) 71 (5.0) 10.2 (4.7) 10.3 (4.8) 4.7 (3.3) 4.1 (2.8)
MEI cognitive 13.4 (6.9) 12.7 (6.9) 18.0 (5.5) 17.7 (5.6) 8.3 (4.1) 8.2 (4.4)
SDS total 19.7 (5.2) 20.1 (5.0) 18.1 (5.1) 18.8 (4.3) 21.4 (3.8) 21.1 (6.3)
SDS work/school 6.1 (2.4) 6.1 (2.4) 5.5 (2.3) 5.9 (2.1) 6.6 (2.3) 6.3 (2.6)
SDS social life 70 (1.9) 7.3 (1.8) 6.5 (1.9) 6.9 (1.8) 75 (1.7) 7.7 (1.8)
SDS homef/family life 6.6 (1.9) 6.8 (1.9) 6.1 (1.9) 6.3 (1.7) 7.2 (1.7) 7.3 (1.9)
SF-36 MCS 22.3 (10.0) 20.7 (9.6) 28.1 (9.1) 25.8 (8.9) 16.0 (6.6) 15.9 (7.6)
SF-36 PCS 49.6 (10.8) 49.3 (10.7) 50.4 (9.8) 51.1 (9.3) 48.8 (11.8) 476 (11.7)

BMI, body mass index; ITT, intent to treat; LVM ER, levomilnacipran extended-release; MADRS, Montgomery—Asberg Depression Rating Scale; MCS, mental component
summary; MDD, major depressive disorder; MEI, Motivation and Energy Inventory-Short Form; PBO, placebo; PCS, physical component summary; SDS, Sheehan

Disability Scale; SF-36, Short Form-36 Health Survey.

2MEI total score greater than 28 in patients with an available MEI total score at baseline.
PMEI total score less than or equal to 28 in patients with an available MEI total score at baseline.

°In the safety population: PBO, n=217; LVM ER, n=217.

less than 0.05. For MEI total score changes, significant
differences between levomilnacipran ER and placebo
were detected at all study visits (weeks 4, 6, and 8)
(Fig. 1). Significant differences were detected at weeks 4
and 8 in the MEI social subscale and at week 8 in the
cognitive subscale (Supplementary Fig. 1, Supplemental
digital content 1, zup://links.lww.com/ICP[A19).

Effects of baseline motivation/energy on functional
impairment (SDS) and functional health (SF-36)

In the I'T'T population and the lower MEI subgroup,
statistically greater improvements were found with

Fig. 1
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Change from baseline in MEI total score by study visit (ITT population,
MMRM). Analysis includes all study visits at which MEI was evaluated.
*P < 0.05 versus placebo. ER, extended release; ITT, intent to treat;
LSM, least squares mean; MEI, Motivation and Energy Inventory-Short
Form; MMRM, mixed-effects model for repeated measures.

levomilnacipran ER versus placebo in the SDS total score
and all three SDS subscale scores (Fig. 2). LSMDs
between levomilnacipran ER and placebo for SDS total
and subscale score changes were larger in the lower MEI
subgroup than in the overall I'TT population.
Correspondingly, effect sizes in the lower MEI subgroup
[range, 0.37 (work/school) to 0.51 (home/family life)]
were larger than those in the I'T'T population or the
higher MEI subgroup.

In the I'TT population, the levomilnacipran ER group
showed a significantly greater mean improvement in the
SF-36 MCS score relative to the placebo group (Fig. 3).
Significant differences between treatment groups were
also found in the SF-36 domains of general health, social
functioning, and role emotional (Supplementary Table 2,
Supplemental digital content 1, Aup.//links.low.com/ICP/
A79). In the lower MEI subgroup, significant differences
between levomilnacipran ER and placebo were found in
the SF-36 MCS and all individual SF-36 domains, except
for bodily pain, with treatment effect sizes ranging from
0.23 (bodily pain) to 0.41 (role emotional). SF-36 score
improvements were greater in the lower MEI subgroup
than in the I'T'T population.

In the higher MEI subgroup, no significant LSMDs
between levomilnacipran ER and placebo were detected
for any SDS or SF-36 outcome, although a relatively
strong treatment effect was found in the SF-36 domain of
social functioning (#=0.43). In the I'T'T population and
in both MEI subgroups, changes in SF-36 PCS scores

were minimal.


http://links.lww.com/ICP/A19
http://links.lww.com/ICP/A19
http://links.lww.com/ICP/A19

336 International Clinical Psychopharmacology

2016, Vol 31 No 6

Fig. 2
(a) SDS total score (b) SDS work/school
ITT High Low ITT High Low
population motivation/energy motivation/energy population motivation/energy motivation/energy
LSMD -2.63 -1.49 -3.90 LSMD -0.98 -0.68 -1.29
effect size 0.39 0.26 0.50 effect size 0.35 0.33 0.37
0 n= 162 150 83 62 79 88 o n= 162 150 83 62 79
o o =27 -1+ u
2 g - SRR i
2]
S 3 | 2 (s _ -2
= 64 SN | N OB - —-——— - — — - — — —
2
—8 -T- - - - s, - = = _ = = = >;_{<>;_ - _3 N
—10 4 O Placebo O Placebo

B Levomilnacipran ER 40-120 mg/day

(c) SDS social life
ITT High Low
population motivation/energy motivation/energy
LSMD -0.83 -0.43 -1.24
effect size 0.38 0.26 0.48
n= 174 163 90 68 83 95

LSM change
from baseline
S
1

|
w
1
%
%
b
E

O Placebo
B Levomilnacipran ER 40-120 mg/day

—4

i

B Levomilnacipran ER 40-120 mg/day

(d) SDS home/family
ITT High Low

population motivation/energy motivation/energy
LSMD -0.62 0.15 -1.45
effect size 0.24 —-0.05 0.51
o n= 173 163 89 68 83 95

-1 4

-2 1 — —— —d .

B T T T T T T

O Placebo
4 B Levomilnacipran ER 40-120 mg/day

Mean changes from baseline in (a) SDS total score and in (b, ¢, d) SDS subscale scores; analyzed in the ITT population and MEI subgroups using an
MMRM approach. Lower and higher motivation/energy subgroups were defined by baseline MEI total scores less than or equal to 28 and greater than
28, respectively; n-values represent the number of patients with nonmissing SDS values at baseline and at week 8.*P < 0.05; **P < 0.01; ***P < 0.001
versus placebo. ER, extended release; ITT, intent to treat; LSM, least squares mean; LSMD, least squares mean difference between treatment groups;
MEI, Motivation and Energy Inventory-Short Form; MMRM, mixed-effects model for repeated measures; SDS, Sheehan Disability Scale.

Path analyses

In the I'T'T population and the lower MEI subgroup, the
direct effect of levomilnacipran ER on SDS total score
change was negligible (Table 2). The direct effect of
treatment on SF-36 MCS score change was 6-7%.

For both function-related outcomes (SDS total score,
SF-36 MCS score), the indirect effects of levomilnacipran
ER through MADRS and MEI total score changes were
statistically significant in the I'T'T population and in the
lower MEI subgroup (all P<0.05). However, the med-
iating effects of MEI total score on these outcomes were
greater than the mediating effects of MADRS total score
(Table 2). The indirect effects of levomilnacipran ER on
SDS total score change through MEI total score
improvement were 67.2 and 79.9% in the I'T'T popula-
tion and the lower MEI subgroup, respectively. The
indirect effects on SF-36 MCS through MEI total score
were 80.0 and 73.9% in the I'T'T population and the
lower MEI subgroup, respectively.

Discussion
After 8 weeks of double-blind treatment, adult MDD
patients who received levomilnacipran ER showed

significantly greater improvements in MEI total and
subscale scores than patients who received placebo. The
difference between treatment groups for MEI total score
change in this study (LSMD =5.0; P<0.05) was similar
to outcomes found with venlafaxine extended-release
(LSMD =5.5; P<0.05) and larger than the effect found
with  bupropion  extended-release  (LSMD=2.5;
P=0.245) in a previously published study of MDD
patients (Hewett ez a/., 2010b). Significant between-
group differences in MEI total score were detected at
all study visits, indicating that patients began experien-
cing the effects of levomilnacipran ER on motivation/
energy within 4 weeks of initiating treatment.

To explore the effects of motivation/energy on function-
related outcomes, two subgroups (lower and higher MEI)
were defined using the median baseline MEI total score
(<28 and > 28, respectively). This cut-off seems to have
adequately segregated the subgroups as the mean base-
line MEI total scores and standard deviations in the
higher and lower subgroups (18+7 and 42+ 11, respec-
tively) did not overlap. Although the MEI subgroups
were sufficiently disparate in terms of motivation/energy
levels, they had similar mean SDS total scores at
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Fig. 3
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Mean changes from baseline in (a) SF-36 MCS scores and (b) SF-36 PCS scores; analyzed in the ITT population and MEI subgroups using an LOCF
approach. Lower and higher motivation/energy subgroups were defined by baseline MEI total scores less than or equal to 28 and greater than 28,
respectively; n-values represent the number of patients with nonmissing SF-36 values at baseline and at the end of treatment. *P < 0.05; **P < 0.01
versus placebo. ER, extended release; ITT, intent to treat; LOCF, last observation carried forward; LSM, least squares mean; LSMD, least-squares
mean difference between treatment groups; MCS, mental component summary; MEI, Motivation and Energy Inventory-Short Form; SF-36, Short

Form-36 Health Survey; PCS, physical component summary.

baseline. This finding was not entirely surprising as
functional impairment is likely associated with various
core symptoms of depression (Lam ¢ /., 2011).

However, baseline levels of motivation/energy did
appear to influence the magnitude of levomilnacipran

ER’s effects on functional impairment. After 8 weeks of
double-blind treatment, the difference between levo-
milnacipran ER and placebo for SDS total score change,
as well as the Cohen’s treatment effect size, was
almost twice greater in the lower MEI subgroup
(LSMD =-2.90; 7=0.50; P<0.001) than in the higher
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Table 2 Path analyses

ITT population Lower motivation/energy®

Outcome Path Effect (%) Effect (%)
SDS total score change Direct treatment effect of LVM ER —3.1 —0.1

Indirect effect of LVM ER through MADRS total score change 35.9 20.2

Indirect effect of LVM ER through MEI total score change 67.2 79.9
SF-36 MCS score change Direct treatment effect of LVM ER 5.6 6.8

Indirect effect of LVM ER through MADRS total score change 14.4 19.3

Indirect effect of LVM ER through MEI total score change 80.0 73.9

ITT, intent to treat; LVM ER, levomilnacipran extended-release; MADRS, Montgomery—Asberg Depression Rating Scale; MCS, mental component summary; MEI,
Motivation and Energy Inventory-Short Form; SDS, Sheehan Disability Scale; SF-36, Short Form-36 Health Survey.

®Patients with MEI total score less than or equal to 28 at baseline.

MEI subgroup (LSMD=-149; 4=0.26; P>0.05).
Similar treatment effect sizes (~0.50) were found in the
lower MEI subgroup for the SDS social life and home/
family life subscales. In all of the SDS analyses (total and
subscale scores), the mean score changes with levo-
milnacipran ER (from baseline to week 8) were similar in
the lower and higher MEI subgroups; however, score
changes with placebo were markedly smaller in the lower
MEI subgroup than in the higher MEI subgroup. In
addition to accounting for the larger LSMDs and effect
sizes, this relatively small placebo effect in the lower
MEI subgroup suggests that active pharmacologic treat-
ment may be particularly important in restoring function
in MDD patients who present with reduced motivation
and energy. This conjecture is supported by results from
the path analysis that was carried out in levomilnacipran
ER-treated patients, which showed the indirect effect of
treatment on SDS total score change through improve-
ment in MEI total score to be somewhat larger in the
lower MEI subgroup (79.9%) than in the I'T'T population
(67.2%). 'This path analysis result suggests that in
patients with reduced motivation/energy at baseline,
improving these symptoms may be an important driver of
functional improvement.

The mean SF-36 PCS scores at baseline indicated normal
levels of physical functional health in the overall study
population and both MEI subgroups, which did not leave
much room for improvement. As expected, no significant
differences between treatment groups on this measure
were found in the I'T'T' population or in either MEI
subgroup, although the lower MEI subgroup did
experience a slight worsening with  placebo.
Consequently, the treatment difference and effect size
for SF-36 PCS score change were larger in the lower MEI
subgroup (LSMD =1.89; 4=0.26; P> 0.05) than in the
higher MEI subgroup (LSMD =0.37; 7/=0.08; P> 0.05).

In contrast to baseline SF-36 PCS scores, baseline SF-36
MCS indicated decrements in mental functional health.
As was found with SDS total and subscale score changes,
the treatment difference and Cohen’s effect size for the
SF-36 MCS score change were greater in the lower MEI
subgroup (LSMD =5.50; /=0.32; P<0.01) than in the
higher MEI subgroup (LSMD =0.78; #=0.23; P>0.05).

In the path analysis, comparable indirect effects of
levomilnacipran on SF-36 MCS score change through
MEI total score were found in the I'T'T" population and
the lower MEI subgroup (80.0 and 73.9%, respectively).
These results suggest that treatment with levomilnaci-
pran ER may lead to improvements in mental functional
health that are considerably mediated through improve-
ments in motivation/energy, irrespective of baseline
motivation/energy levels.

T'easing out the impact of reduced motivation and energy
on treatment outcomes in MDD patients is difficult
because of the complex and heterogeneous symptoma-
tology of this disorder. Studies have shown, however, that
reduced motivation/energy is related to behavioral, cog-
nitive, and emotional deficits (Rothschild ¢ a/., 2014) as
well as decreased levels of activity, interest, enjoyment,
and ability to feel (Uher e al., 2012). More importantly,
from a treatment perspective, patients with decreased
motivation/energy were found to have lower rates of
symptom remission, higher recurrence of MDD episodes,
and greater functional impairment (Stahl, 2002; Nutt
et al., 2007) Hardeveld ¢z al., 2010; Uher ez al., 2012. 'The
results of this post-hoc analysis indicate that if recovery
of psychosocial functioning remains a primary goal of
MDD treatment (APA, 2010), recognizing patients with
decreased motivation/energy and choosing therapies that
alleviate these symptoms are important aspects of a
comprehensive clinical strategy.

Many contributing factors certainly need to be con-
sidered when treating patients with reduced motivation/
energy, such as their beliefs about the potential rewards
associated with a task, activity, or social interaction, and
the effects of these beliefs on motivation levels (Pulcu
and Elliott, 2015). Attending to such factors may require
education or cognitive-based therapies. However, there
are also symptoms such as physical and mental fatigue —
which can contribute toward decreased motivation/
energy and vice versa — that may be responsive to phar-
macologic therapies. Results from the lower MEI sub-
group in this post-hoc analysis showed diminished
placebo effects for functional improvements, which sug-
gests that reduced motivation and energy may encompass
a cluster of endogenous MDD symptoms (e.g. fatigue,



cognition) that could be effectively targeted by nora-
drenergic medications such as levomilnacipran ER.
Further research, such as path analyses that compare
selective serotonin reuptake inhibitor with serotonin and
noradrenaline reuptake inhibitor, could help to clarify the
different ways in which noradrenergic and serotonergic
medications improve functional impairment by direct
treatment effects and indirectly through improvements in
motivation/energy or other core depression symptoms.

Whether achieved through psychosocial therapy, phar-
macologic treatment, or both, improving motivation/
energy may be vital for recovery in patients with MDD.
In the current post-hoc analyses, the effects of baseline
motivation/energy levels on functional outcomes, along
with path analysis results showing improved motivation/
energy to be an important driver of functional improve-
ment, highlight the need to identify MDD patients with
low/motivation energy and to effectively alleviate their
symptoms. From a clinical perspective, this may require
asking specific questions about patients’ motivation/
energy levels and continuing to monitor the effects of
medication on those symptoms. Especially as adequate
levels of motivation/energy may be needed for patients to
continue adhering to their treatments (both pharmaco-
logic and nonpharmacologic), identifying and success-
fully managing these symptoms are important
components in developing a comprehensive therapeutic
strategy.

Limitations

"The primary limitation of these analyses is that they were
carried out post hoc. Thus, although the numbers of
patients in the predefined I'l'T population were balanced
between treatment groups, the numbers of patients were
less evenly distributed in the MEI subgroups. In addi-
tion, no patients were entered into or excluded from the
study on the basis of their baseline motivation/energy
levels. Other potential limitations include the short
treatment duration, which does not allow for any con-
clusions to be drawn on the long-term effects of levo-
milnacipran ER on motivation and energy, and the
eligibility criteria. Although this study population was
similar to those in many other large MDD trials, the
inclusion and exclusion criteria may limit the general-
izability of these findings to a broader clinical population.

Conclusion

In adults with MDD, treatment with levomilnacipran ER
versus placebo significantly improved motivation and
energy overall (MEI total score) and in the domains
related to cognitive and social difficulties (MEI subscale
scores). The treatment effects of levomilnacipran ER on
functional impairment (SDS total and subscale scores)
and mental functional health (SF-36 MCS score) were
more pronounced in patients with lower levels of moti-
vation/energy at baseline, in large part because of the
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smaller placebo effect found in these patients relative to
patients with higher motivation/energy levels at baseline.
Path analysis results indicate that the indirect effects of
levomilnacipran ER on these functional outcomes were
mediated by improvements in motivation/energy (MEI
total score), and to a lesser degree, by improvements in
core depression symptoms (MADRS total score). As
reduced motivation and energy may be associated with
poorer treatment outcomes, including diminished psy-
chosocial functioning, choosing a pharmacologic agent
that targets the neurotransmitters associated with these
symptoms may be an important clinical consideration.
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