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Abstract

Introduction—Measurement of symptoms domains and their response to treatment in relative
isolation from diagnosed mental disorders has gained new urgency, as reflected by the National
Institute of Mental Health’s introduction of the Research Domain Criteria (RDoC). The Snaith
Hamilton Pleasure Scale (SHAPS) and the Motivation and Energy Inventory (MEI) are two scales
measuring positive valence symptoms. We evaluated the effect of exercise on positive valence
symptoms of Major Depressive Disorder (MDD).

Methods—Subjects in the Treatment with Exercise Augmentation for Depression (TREAD)
study completed self-reported SHAPS and MEI during 12 weeks of exercise augmentation for
depression. We evaluated the effect of exercise on SHAPS and MEI scores, and whether the
changes were related to overall MDD severity measured with the Quick Inventory of Depression
Symptomatology (QIDS).

Results—SHAPS and MEI scores significantly improved with exercise. MEI score change had
larger effect size and greater correlation with change in QIDS score. MEI also showed significant
moderator and mediator effects of exercise in MDD.

Limitations—Generalizability to other treatments is limited. This study lacked other bio-
behavioral markers that would enhance understanding of the relationship of RDoC and the
measures used.

Conclusions—~Positive valence symptoms improve with exercise treatment for depression, and
this change correlates well with overall outcome. Motivation and energy may be more clinically
relevant to outcome of exercise treatment than anhedonia.

“Correspondence to: Madhukar Trivedi, Betty Jo Hay Distinguished Chair in Mental Health, Center for Depression Research and
Clinical Care, UT Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas, TX 75390-9119, USA.,
madhukar.trivedi@utsouthwestern.edu (M.H. Trivedi).

Contributors

Dr. Toups drafted, and formatted the manuscript; all authors contributed to the manuscript and approved its contents. Dr. Carmody
provided the statistical analysis plan and performed the analysis. Dr. Rethorst provided comments/revisions on the paper. Drs. Trivedi
and Greer and Mr. Granneman contributed to the design and operation of the TREAD study.

Conflict of interest

Dr. Toups has received fees from Otsuka Pharmaceuticals. Dr. Trivedi has been an advisor/consultant and received fees from:
Alkermes, AstraZeneca, Cerecor, Eli Lilly & Company, Lundbeck, Naurex, Neuronetics, Otsuka Pharmaceuticals, Pamlab, Pfizer Inc.,
SHIRE Development and Takeda. In addition, Dr. Trivedi has received grants/research support from: National Institute of Mental
Health (NIMH) and National Institute on Drug Abuse (NIDA). Dr. Greer has received honoraria, speakers or advisory boards and/or
consultant fees from H. Lundbeck A/S. Dr. Carmody, Dr. Rethorst and Mr Grannemann report no disclosures and conflicting interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Toups et al. Page 2

Keywords
Depression; Exercise; RDoC; Motivation; Anhedonia

1. Introduction

Given the high prevalence and associated morbidity of depression (Ustun et al., 2004), much
effort has been made to meaningfully subtype patients for targeted therapy (Goldberg, 2011).
However, this strategy has failed to improve our understanding of mental disorders or to
direct treatment for patients in practice. Most recently the National Institute of Mental
Health tried to address this issue through the introduction of the Research Domain Criteria
(RDoC) model (Insel et al., 2010). RDoC is designed to examine biological correlates of
behavior and to define meaningful groups and subgroups. This means examining the
relationships among brain circuits, cells, intracellular components and particular behaviors —
relationships that are understood best currently in animal models — rather than on how
symptoms are experienced subjectively in human beings (Cuthbert and Insel, 2013). There is
an increasing recognition that no single global clinical or bio-behavioral marker is likely to
universally explain the variable presentations of Mood Disorders or assist with treatment
selection (Trivedi, 2013; Trivedi et al., 2016). The need to evaluate patient presentations
according to a more precise bio-behavioral model necessarily requires evaluation of specific
symptoms in addition to overall severity.

Although patients with depression present with symptoms clearly mapping onto specific
RDoC domains, these are rarely assessed routinely with focused measurement tools. While
there is a need to develop new assessments based on RDoC, there are standardized rating
instruments already available that bear face validity with RDoC domains and constructs.
Routine measurement with these tools is needed to clarify the relationships between the core
Major Depressive Disorder (MDD) symptoms as defined by the Diagnostic and Statistical
Manual of Mental Disorders (upon which current diagnoses are based) and RDoC
constructs. This will link bio-behavioral results to more traditional outcomes and serve as a
basis for the development of RDoC based trials. For example, differential effect of treatment
modality (e.g. medication, psychotherapy, exercise) on symptom constructs cannot be
determined without a measurement that parses individual constructs from the overall picture
of depression. With this in mind we examined symptoms associated with the RDoC Positive
Valence Domain using the Snaith Hamilton Pleasure Scale (SHAPS) and Motivation and
Energy Inventory (MEI) - two scales that were used in the Treatment with Exercise
Augmentation of Depression (TREAD) study.

The positive valence domain contains five constructs: 1) approach motivation, 2) initial
reward responsiveness, 3) sustained reward responsiveness, 4) reward learning, and 5) habit
(National Institutes of Mental Health, 2011). While all positive valence constructs may
conceivably be impaired in depression, approach motivation may be one of the most
relevant. Approach motivation is a complex construct that itself includes four sub-constructs
— reward valuation, effort valuation, reward expectation, and preference. Anhedonia, a core
positive valence symptom of depression, is often parsed in animal studies as a state in which
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preferences are intact but motivation is lacking (Berridge and Kringelbach, 2015; Treadway
and Zald, 2013). Following this lead, RDoC, deemphasizes the experience — or lack — of
pleasure in positive valence, replacing it with a model in which consummatory behaviors are
taken as the outcome of the interplay of underlying constructs. For example, hunger may
increase the reward value of food sources in general but prior experience (learning) may
direct behavioral responses to particular types of food based on effort required or taste
preference. On the other hand, when hunger is low, even though preferences are intact,
motivation is decreased and consumption of even preferred foods declines. Other than the
emphasis on behavior over experience, the description of anhedonia in the Diagnostic and
Statistical Manual for Mental Disorders (DSM) (American Psychiatric Association, 2013),
as lack of enjoyment specifically of things for which one has preference, is clearly
analogous. However, it is also important to consider that positive valence may apply to other
traditional symptoms of depression. For example, fatigue may be viewed as dysfunction in
positive valence systems, a conceptualization consistent with literature examining fatigue as
a medical, more than psychiatric, symptom (Dantzer et al., 2014). The SHAPS and MEI by
measuring specific components of deficits in positive valence are well suited to assessment
of this domain in a way that bridges the traditional concept of anhedonia with RDoC.

Trials of exercise therapy for depression are well suited to the application of RDoC
principles because they utilize complex bio-behavioral treatment (Schuch et al., 2016). In the
Treatment with Exercise Augmentation for Depression (TREAD) study, adults who failed to
respond to a Selective Serotonin Reuptake Inhibitor (SSRI) were treated with an
augmentation regimen of aerobic exercise for 12 weeks (Trivedi et al., 2011). Half of the
subjects were randomized to each of two dose groups while all continued to take the
antidepressant prescribed prior to study entry. To assess the effect of exercise on anhedonia,
decreased motivation and other positive valence domain symptoms, subjects in TREAD
were assessed with domain specific measures including the SHAPS and MEI.

2. Methods

Complete details of the TREAD study have been previously published (Trivedi et al., 2011,
2006). Briefly, this was a 12-week comparison of a public health dose of exercise to a low
dose in patients with MDD who were eligible for augmentation treatment due to partial or
no response to an SSRI.

2.1. Subjects

TREAD enrolled adults, ages 18-70, with MDD who were taking a stable adequate dose of
an approved SSRI for at least 6 weeks (and up to 6 months) at screening. Included subjects
reported no more than partial response as defined by a screening Hamilton Depression
Rating Scale (HDRS) score of >14 and reported being sedentary for at least the last month.
Subjects with medical illness contraindicating exercise were excluded, as were those with
lifetime history of psychosis. History of two or more failed anti-depressant trials in the
current episode was also exclusionary. All subjects provided voluntary informed consent and
remained on their prescribed antidepressant throughout the trial.
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2.2. Exercise treatment

At baseline, subjects were randomized to receive one of two doses of exercise: a high dose
of 16 kcal/kg/week or a low dose of 4 kcal/kg/week. The high dose was chosen based on
public health recommendations for weekly exercise requirements and had previously been
shown to be effective as an antidepressant treatment (Dunn et al., 2002). Subjects met with
trainers at the Cooper Institute in Dallas, TX to develop exercise plans meeting the
prescribed dose using aerobic exercise; for example, walking, jogging, or running on a
treadmill. Subjects were able to choose the intensity of exercise and received instruction on
time needed to meet the prescribed dose. After the first two weeks of the study period in
which trainers assisted in the development of the exercise prescription, subjects returned for
one supervised session a week (at which weekly assessment occurred) and completed the
remaining exercise at home, using a web-based tracker to log exercise completed.

2.3. Assessments

2.4. SHAPS

All subjects had inclusionary and exclusionary diagnoses validated using the Structured
Clinical Interview for DSM-1V (SCID) at screening. They also received maximal oxygen
consumption (VO, max) testing to determine baseline level of fitness and confirm medical
suitability for exercise.

The primary outcome measure used in TREAD was the Inventory of Depression
Symptomatology — Clinician Rated (IDS-C). From each of the 30 item IDS-C and the
corresponding self-rated IDS (IDS-SR), item scores for each depression symptom domain
were extracted to form a Quick Inventory of Depression Symptomatology — Clinician
(QIDS-C) and self-rated (QIDS-SR) score respectively (Rush et al., 2000, 2003). The IDS
includes items designed to assess non-core symptoms of depression (such as diurnal
variation and mood reactivity) that are associated with subtypes as identified in the DSM.
The QIDS measures only the core depression symptoms, and therefore, unlike the IDS, the
QIDS is uni-dimensional. For this reason we used extracted QIDS-C and -SR scores as the
measures of outcome in this analysis. The self-reported SHAPS and MEI were given at
baseline, week 6 and week 12.

The SHAPS was developed in the mid-1990s to measure ‘hedonic tone” (Snaith et al.,
1995). At the time, Snaith et al. were concerned that previous assessments were too
dependent on personal preferences. The items were created by surveying healthy adults
about pleasurable experiences, and the scale was tested on healthy and mentally ill samples
to establish norms. A key feature of the scale is the use of the Montgomery Asberg
Depression Rating Scale (MADRS) item “inability to feel” (Montgomery and Asberg, 1979)
as the index by which presence of anhedonia was established. The SHAPS contains 14
items, which ask subjects to strongly agree, agree, disagree or strongly disagree with
statements beginning “I would enjoy...” followed by an activity or experience. Any
agreement with the statement is scored zero points, with one point for any disagreement,
yielding a maximum possible score of 14. Receiver Operating Characteristic (ROC) analysis
suggested that a score of greater than 2 on the SHAPS indicates clinically abnormal results
(Snaith et al., 1995). It is well validated and has been analyzed for psychometric properties,
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including using the TREAD sample data (Nakonezny et al., 2010, 2015). By asking directly
about the experience of pleasure, the SHAPS items are associated closely with the DSM
conceptualization of anhedonia as well as RDoC approach motivation and reward
responsiveness.

When developing the MEI, Fehnel et al. (2004) intentionally incorporated three sub-areas:
physical energy, mental energy, and social motivation. There are 27 items, each scored from
zero to six, consisting of a stem “During the past 4 weeks, how often did you...” or “to what
extent did you...” and responses ranging from “never” to “everyday” or “all of the time,” for
a total range of 0-162. Higher scores are reflective of high motivation and energy; depressed
subjects would be expected to have lower scores than healthy controls. The physical
subscale contains seven items, which ask about energy level, fatigue, physical activity and
general motivation. The mental and social subscales each contain ten items. Mental energy
items address primarily cognitive complaints such as ability to focus but also ask about
feelings of successful accomplishment of daily tasks. Finally, the social subscale focuses on
level of interest in social activities but also asks about the frequency of social engagement.
The conceptual structure of the MEI applies well to positive valence as outlined in RDoC; it
asks subjects to report on behaviors rather than the subjective experience of enjoyment. It
also attempts to parse aspects of motivation by division into subscales which may be useful
for RDoC based analyses.

2.6. Statistical analysis

To assess change in SHAPS and MEI score over 6 and 12 week intervals, mixed models
performed with SAS PROC MIXED (Hamlett and Wolfinger 2006) were used for the entire
study sample and by dose group. Models contained a random intercept. Effect sizes for each
group and the entire sample were also calculated for each time point from the same mixed
model using the method of Cortina (2000). We reran the model with an adjustment for
change in QIDS-C score to determine whether and to what extent changes in SHAPS, MEl,
and MEI subscales could be accounted for by change in overall depression level. Spearman’s
correlations were calculated between QIDS-C scores and SHAPS and MEI scores at
baseline and Week 12 and for the change from baseline to Week 12.

Moderator analyses were performed using a mixed effects model with QIDS-C as the
dependent variable, time as the within subjects factor, treatment group as the between
subjects factor, and the following covariates: baseline score of SHAPS or MEI, baseline
value of the QIDS-C, baseline Short Form Health Survey 36 score, recurrent MDD status,
family history, and gender. Intercepts were random effects and all other effects were fixed.

Finally, we performed a path analysis that included MEI, SHAPS and QIDS-C scores at
baseline, week 6 and week 12. A path analysis in an extension of multiple linear regression
where correlations between variables (i.e., paths) are computed with adjustment for all other
variables in the model (Streiner, 2005). As is the case with multiple linear regression, it is
unnecessary to adjust for multiple tests of coefficients performed within the same model.
Our aim was to determine whether scores on scales at earlier time points affected scores
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latter in the study and thus acted as mediators. A cross-lagged panel model was fit using
MPLUS Version 7.3. Missing data were handled by using full information maximum
likelihood. The covariates used in Trivedi et. al. in the original TREAD analysis (Trivedi et
al., 2011) (SF-36 mental, gender, family history, race, recurrent MDD, and treatment group)
were included if significant. Alpha of 0.05 was used as the threshold of significance for all
analyses.

3. Results

Descriptive statistics for the TREAD sample, showing that the dose groups did not differ in
demographic or illness measures at baseline is shown in Table 1. At baseline, SHAPS mean
score for the TREAD sample was 3.1 + 3.0, and did not differ between the low and high
dose groups. At week 6, scores dropped by 0.81 points in the entire sample (p=0.005), and
1.19 points from baseline (p=0.001) by week 12 (Table 2). The whole sample effect size for
the change in SHAPS after 6 weeks of exercise was 0.311, this increased to 0.406 after 12
weeks. Change in SHAPS score did not differ significantly over the study period when
analyzing the dose groups individually, nor was the difference significant when comparing
the two dose groups at week 6 and 12.

The sample entered the study with MEI mean score of 34.7 £ 14.4 with no difference
between the treatment groups. The entire sample experienced a significant change (increase)
in scores (by 9.96 at week 6 and 16.08 at week 12, both p < 0.001). Effect sizes for the total
MEI score were 0.623 after 6 weeks and 0.825 after 12 weeks. While the scores for the high
dose group changed more at each time point than those for the lose dose group, the
differences were not significant (Table 2). Similarly, in the high dose group the effect sizes
were slightly higher (0.620 at 6 week and 1.035 at 12 weeks) than in the low dose group
(0.537 at 6 weeks and 0.933 at 12 weeks). MEI subscales showed change in a pattern similar
to the scale as a whole and are also given in Table 2. Effect sizes by dose group assignment
are given in Table 2 but no significant between group differences were found. Adjustment
for change in QIDS-C scores over the course of the study resulted in non-significance for all
analyses. Effect sizes also shrank, with none remaining over 0.1 (not shown).

When examining the correlation between score on the QIDS-C with the SHAPS (Table 3),
we found that the QIDS-C/SHAPS relationship had small positive rho values at baseline for
the whole sample (0.153) and at week 12 for the whole sample, the low dose group and the
high dose group (0.205, 0.186, 0.209, respectively), but none of these relationships reached
statistical significance. Similarly, when correlating change from baseline to week 12
between the QIDS-C and the SHAPS, no correlation achieved significance. For the MEI
moderate negative correlations were found between total score and QIDS-C score at baseline
and week 12. Change in MEI score showed similar moderate negative correlation with
change in QIDS-C over the 12-week study period. All of these correlations (Table 3) reached
statistical significance. The results of the same analysis repeated for each of the three MEI
subscales also showed moderate negative correlations with QIDS-C scores with p values <
0.05 in all cases.
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For moderator analysis of the QIDS-C, MEI total score and MEI-ME scores at baseline
significantly predicted differences in decrease in QIDS-C score by group. Both analyses
showed a similar pattern. While subjects close to the middle of the score range of total had
similar outcome regardless of group assignment, those at the high and low ends experienced
opposite effects (p=0.015, MEI total, p=0.005, MEI-ME). For those with low MEI score at
baseline, assignment to the high dose group was associated with more improvement over
time on the QIDS-C. However, for those with higher total score at baseline, the low dose
group improved more than the high dose group. The same pattern was repeated for the
mental energy subscale score alone; change in QIDS-C at week 12 by dose assignment for
the 25th and 75th percentiles of MEI-ME score are shown in Fig. 1 to illustrate the effect.
No other associations for the QIDS-C were significant.

Path analysis for the SHAPS showed significant pathways between SHAPS scores across
each time interval (baseline to week 6 p < 0.001, week 6 to week 12 p=0.003) and QIDS-C
scores across each time interval (both p < 0.001) as well as a significant bi-directional
connection at week 12 (p=0.025) (Fig. 2). However, there was no significant connection
between SHAPS and QIDS-C scores at earlier time points or across time points. The MEI
analysis resulted in significant pathways between MEI scores over each interval (baseline to
week 6 and week 6 to week 12 p < 0.001) as well as QIDS-C scores over each interval (both
p < 0.001). There were significant pathways between QIDS-C and MEI scores at all three
time points (baseline p=0.003, week 6 and week 12 p < 0.001), as well as a forward directed
relationship between MEI at week 6 with week 12 (final) QIDS-C score (p=0.042) (Fig. 3).
The physical energy subscale of the MEI also showed a significant path from week 6 score
to final QIDS-C (p=0.008), and its pattern of significant paths was identical to that of the
scale as a whole except that baseline MEI-PE score was uncorrelated to its score at week 6.
The MEI-ME subscale analysis showed significant pathways between each scale with itself
across time points (all p < 0.001) and across the two scales within each time point (baseline
p=0.004, week 6 and week 12 p < 0.001), but no significant pathways were found across
time. Finally the MEI-SM subscale was not significantly related to QIDS-C score at
baseline, but was at week 6 (p < 0.001) and 12 (p=0.028). Week 6 QIDS-C score showed a
significant pathway to week 12 MEI-SM, however (p=0.048). SF36 mental health subscale
score at baseline was significantly correlated with baseline scale scores in all analyses, and
gender was significantly correlated with MEI total, MEI-SM and MEI-PE scores, but not
MEI-ME score with a direction indicating that men had higher scores than women.

4. Discussion

We found that the positive valence symptoms of anhedonia and lack of motivation and
energy changed significantly over the course of exercise augmentation treatment of
depression; changes in motivation and energy were larger, as measured by effect size, than
changes in anhedonia. Change in motivation also was more tightly correlated with change in
overall depression severity than change in hedonic capacity. Results controlling for change
in depression severity suggest that neither hedonic capacity, motivation nor energy are
independent of depression. However, we found a complex relationship between MEI and the
MEI-ME subscale at baseline and outcome of treatment. Pathway analysis revealed that
changes in the MEI score and the physical energy subscale in response to exercise treatment
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preceded and help predict improvement in overall symptoms. Interestingly the relationship
between social motivation and depression severity over time was reversed, so that
improvement in depression by the midpoint of the study led to more social motivation at
week 12. Overall our results suggest that exercise affects motivated behavior (the focus of
the MEI) more than subjective anhedonia as measured by the SHAPS but that both types of
symptoms are effectively treated as part of the antidepressant effect of exercise. An alternate
but related interpretation is that exercise affects neuro-vegetative symptoms more than other
depression symptoms and that the MEI is more sensitive to this change. In fact, exercise has
been used as a treatment specifically for fatigue (Meneses-Echavez et al., 2015); the MEI
may therefore simply measure effects specific to exercise treatment more so than the
SHAPS.

Our finding that the MEI and its mental energy subscale at baseline affected outcome by
dose group on the QIDS-C deserves further attention. Both analyses showed the same
pattern. Subjects in the middle of the MEI (or subscale) distribution experienced the same
outcome regardless of dose group assignment. Low baseline MEI total or mental energy
score was associated with a better outcome for a higher dose of exercise. This is consistent
with the idea that exercise is a specific therapy for fatigue and other neuro-vegetative
symptoms as reflected in MEI score. However, those subjects with high MEI total or mental
energy subscale score at baseline had the opposite pattern, which is more difficult to explain.
It is possible that depressed subjects with higher motivation at baseline represent a subgroup
that is, for unknown reasons, not significantly helped by more vigorous exercise. The fact
that this finding was significant only for the clinician rated QIDS may reflect an interaction
between poor cognitive function and overall self-reported symptoms; although this is
essentially speculative. A sub-sample of the TREAD study was tested more thoroughly with
a cognitive battery (Greer et al., 2015) and it was found that high dose exercise was more
effective in improving cognition in TREAD subjects than low dose across the range of tests,
although performance in some cognitive areas improved in all subjects regardless of
treatment assignment. However, Greer et al. found that change in cognitive performance did
not correlate with change in overall depression severity. To the extent that the mental energy
subscale corresponds to self-reported cognition, it appears that it may be better correlated to
overall outcome than performance. Since it is fairly well established that subjective and
objective cognition in depression are often discrepant, the confusion of findings is not that
surprising, and perhaps deserves more investigation (Svendsen et al., 2012).

The path analysis results suggest that exercise may improve motivation and energy generally
and physical energy specifically, deficits of which would present at baseline as fatigue,
earlier in the course of treatment and that this improvement may drive eventual improvement
in depression as a whole with further exercise. This is consistent with the use of exercise to
treat fatigue but also extends that result to show that addressing fatigue is a critical
component of overall depression treatment response. Our finding that, conversely social
motivation may require improvements in other areas of depression follows nicely upon the
previous finding. Strategies such as behavioral activation are built upon the idea that
increases in activity will lead to improvements in other domains (EKkers et al., 2008), a
concept nicely supported by these results. Since motivation has been shown to be an
important factor associated with physical activity engagement in patients with mood
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disorders (Vancampfort et al., 2015a) one possible factor behind our results is that those with
more motivation were better able to participate in the recommended exercise dose, and
therefore benefitted more. There is a lack of overall understanding of factors that improve
engagement in exercise in patients with depression (Vancampfort et al., 2015b) despite clear
evidence of its efficacy and of low rates of adequate exercise in this population.

4.1. Limitations

TREAD was designed primarily with treatment of overall depression severity in mind, this
analysis involves secondary outcomes for which power and other statistical considerations
were not determined a priori and may account for the findings associated with effect size
which did not reach threshold for significance. Similarly, we have not adjusted analyses for
multiple comparisons. Drop-out is a significant factor in exercise treatment for depression
(Stubbs et al., 2016) which we did not consider in effecting the results. Generalizability to
other treatment scenarios is limited since exercise augmentation is a unique treatment. Also,
our sample was predominantly white and had a high percentage of women, even considering
the gender discrepancy in depression prevalence. Replication of these results in different
samples may be helpful. In addition, TREAD did not include bio-behavioral measures of
physiology, such as neuroimaging, which would provide stronger links between domain-
based conceptualizations and the clinical concepts measured by the SHAPS and MEL.

4.2. Conclusions

These results reflect opportunities in the application of RDoC concepts to clinical research.
We have demonstrated here that measurement of specific positive valence symptoms is
feasible and produces data that are clinically and scientifically relevant. These results may
help facilitate routine measurement of symptomatic behaviors as valuable adjuncts to core
depression assessments. Further work will continue to rethink how questions about
neurobehavioral systems are asked and answered. Harmonization of models and even
vocabulary — motivation or wanting, anticipation or reward sensitivity - is still needed to
effectively isolate positive valence deficits in depression and other mental illnesses, and
advance their translation to treatment. This continuing definition of positive valence can
serve as a model process for other neurobiological domains less fully developed in their
application to mood disorders, establishing a foundation for production of more translational
clinical research.
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Fig. 1.
Change in QIDS-C score at week 12 by treatment group for low and high* levels of MEI at
study entry. *Low=12 (25th percentile), High=25 (75th percentile).
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Fig. 2.

Pathway analysis results for SHAPS. Only significant pathways are shown, with the path
coefficient and error. Of the covariates entered into the model, only SF-36 mental health sub-
score showed significant association, being significantly related to baseline SHAPS and MEI
scores. Not shown are, gender, race, history of recurrent depression and family history of

depression..
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Pathway analysis results for the MEI total score. Only significant pathways are shown, with
the path coefficient and error. Of the covariates entered into the model, SF-36 mental health
sub-score and gender showed significant association. SF-36 was significantly related to
baseline SHAPS and MEI scores. Gender was associated with baseline MEI score, with the
direction indicating that men had higher baseline MEI scores. Not shown are race, history of
recurrent depression and family history of depression.
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