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ARTICLE INFO ABSTRACT
Keywords: Background: Despite the fact that higher levels of anxiety and anhedonia in Major Depressive Disorder (MDD)
Anxiety are linked to poorer treatment outcomes, mechanisms contributing to these clinical presentations remain un-
Anhedonia clear. Neuroticism, impaired cognitive control, and blunted reward learning may be critical processes involved
Depression

in MDD and may help to explain symptoms of anxiety and anhedonia.

Methods: Using baseline data from patients with early-onset MDD (N = 296) in the Establishing Moderators and
Biosignatures of Antidepressant Response in Clinical Care (EMBARC) trial, we conducted a path analysis to
model relationships between neuroticism, cognitive control, and reward learning to levels of anxiety and an-
hedonia.

Results: Neuroticism was positively associated with both anhedonia (standardized coefficient = 0.26, p < .001)
and anxiety (standardized coefficient = 0.40, p < .001). Cognitive control was negatively associated with an-
xiety (standardized coefficient = -0.18, p < .05). Reward learning was not significantly associated with either
anxiety or anhedonia.

Limitations: Extraneous variables not included in the model may have even more influence in explaining
symptoms of anxiety and anhedonia. Restricted range in these variables may have attenuated some of the hy-
pothesized relationships. Most important, because this was a cross-sectional analysis in a currently depressed
sample, we cannot draw any causal conclusions without experimental and longitudinal data.

Conclusions: These cross-sectional findings suggest that neuroticism may contribute to anxiety and anhedonia in
patients with early onset and either chronic or recurrent MDD, while enhanced cognitive control may protect
against anxiety.

Neuroticism
Cognitive control
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A. Liao et al.

1. Introduction

The clinical presentation of major depressive disorder (MDD) varies
from person to person, and the lack of attention to this heterogeneity
has stifled treatment advances. Symptom presentations associated with
high anxiety (e.g., worry, restlessness) and anhedonia (e.g., empty
mood, loss of pleasure) are especially impairing and linked to worse
treatment outcomes such as lower likelihood of depression remission
(Fava et al., 2008) and longer time to remission (McMakin et al., 2012).
To improve treatment precision and clinical outcomes, we must identify
the mechanisms underlying the varied symptoms associated with de-
pression. The overall aim of the current study was to simultaneously
evaluate how neuroticism, cognitive control, and reward learning may
be potential underlying mechanisms of anxiety and anhedonia symp-
toms. The primary aim was to determine if the relationship between
neuroticism and anxiety is moderated by cognitive control, such that
individuals with greater cognitive control have fewer anxiety symp-
toms. We evaluated our hypotheses in a sample of patients with MDD
from the Establishing Moderators and Biosignatures of Antidepressant
Response in Clinical Care (EMBARC) study (Trivedi et al., 2016; Webb
et al., 2016).

Neuroticism (the propensity to experience negative emotions),
cognitive control (the regulation of thoughts and actions in the service
of goal-directed behavior), and reward learning (the modulation of
behavior in response to reward) demonstrate strong, independent as-
sociations with MDD (see Goldstein and Klein, 2014 for review). Each
has also been examined in large longitudinal studies: neuroticism pro-
spectively predicted the first onset of unipolar mood disorders and
anxiety disorders (Zinbarg et al., 2016), cognitive control deficits in
childhood were associated with subsequent increases in depression and
anxiety symptoms (Kertz et al., 2016), and reduced reward learning
increased the likelihood of poor response to treatment in MDD
(Vrieze et al., 2013). However, we are not aware of any studies that
have examined these constructs in combination with each other or in
relation to the specific, distinct symptom presentations of anxiety and
anhedonia in MDD.

In the current study, we developed and tested an explanatory model
elucidating cross-sectional relationships between anxiety and anhe-
donia in MDD and the constructs of neuroticism, cognitive control, and
reward learning (see Fig. 1 diagram of all hypothesized relationships).
We hypothesized neuroticism, characterized by a propensity toward
negatively valenced self-referential thinking such as worry and rumi-
nation (Muris et al., 2005; Segerstrom et al., 2000), will be associated
with higher levels of anxiety and anhedonia. The impaired disengage-
ment model of rumination (Koster et al., 2011) posits that impaired
attentional control is associated with sustained rumination, leading to
negative affect. Recent findings (Hsu et al., 2015; Vasey et al., 2013)
indicate greater cognitive control may help individuals cope with worry
and rumination, which may be particularly important in individuals
high in neuroticism exhibiting greater mind-wandering and poorer at-
tentional control (Robison et al., 2016). Thus, we hypothesized cogni-
tive control will moderate the relationship between neuroticism and
anxiety. We further hypothesized that greater reward learning ability
may contribute to increased reward-seeking behavior and experience of
positive emotions. Thus, we expected reward learning to be associated
with lower anhedonia.

2. Method
2.1. Study overview and participants

We analyzed baseline data from the Establishing Moderators and
Biosignatures of Antidepressant Response in Clinical Care (EMBARC;
Trivedi et al., 2016) study, a four-site, placebo-controlled trial of anti-
depressant treatment in outpatients with MDD. Eligible participants,
aged 18-65, had a current MDD episode per the Structured Clinical
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Interview for DSM-IV Axis I Disorders, scored = 14 on the Quick In-
ventory of Depression Symptomatology and were antidepressant-free
for > 3 weeks before assessments. Recruitment was restricted to par-
ticipants with early onset (before age 30) and chronic (episode dura-
tion > 2 years) or recurrent MDD (2 + recurrences) were enrolled.
Exclusion criteria included: antidepressant treatment failure in current
episode, history of inadequate response to sertraline or bupropion,
currently receiving depression-specific psychotherapy, current medi-
cations with potential to interfere with study medications, history of
psychosis or bipolar disorder, DSM-IV past 6 month substance depen-
dence (excluding nicotine) or past 2 month abuse, other unstable psy-
chiatric or medical conditions requiring hospitalization or contra-
indicating study medications, pregnant or breastfeeding, clinically
significant laboratory abnormalities, or history of epilepsy or antic-
onvulsant use.

Participants (N = 296) were recruited from the community,
screened, and provided informed consent following IRB approved
procedures. Trained and qualified assessors administered clinical and
behavioral measures. Participants completed clinical, self-report, be-
havioral, and physiological baseline assessments.

2.2. Measures

2.2.1. Anxiety

The 20 item State Anxiety scale of the State-Trait Anxiety Inventory
(STAI) (Spielberger, 2010) assessed anxiety (e.g., “I feel- tense; nervous;
worried”) on a 4-point scale (“not at all” to “very much so”). Higher
scores (20-80) indicate greater anxiety, with scores > 52 being clini-
cally significant (Balsamo et al., 2013; Stauder and Kovacs, 2003). STAI
State Anxiety strongly correlates with anxiety severity in major de-
pression (r = 0.72); there are no significant differences between state
and trait anxiety scores in individuals with anxiety and depressive
disorders (Kennedy et al., 2001). In our analysis, state anxiety scores
are a proxy for anxiety symptoms. In a reliability generalization study
of the STAI the State Anxiety score demonstrated strong internal con-
sistency (o = 0.91), satisfactory test-retest reliability (r = 0.70)
(Barnes et al., 2002), and is a valid measure of anxiety in clinical po-
pulations (Oei et al., 1990). In our sample, internal consistency for the
STAI State Anxiety score was excellent (o = 0.93).

2.2.2. Anhedonia

The 14-item Snaith-Hamilton Pleasure Scale (SHAPS; Snaith et al.,
1995) measured anhedonia. Items assess hedonic experience in “the last
few days” for naturally pleasurable activities, including social interac-
tion, sensory experience, and food/drink (e.g., “I would find pleasure in
my hobbies and pastimes”). Items have four responses, with “Agree” or
“Strongly Agree” equalling 0, and “Disagree” or “Strongly Disagree”
equalling 1. Scores range from O to 14, with higher scores indicating
higher state anhedonia levels, and a score > 2 signifying abnormal
hedonic tone. In a depressed outpatient sample, the SHAPS had high
internal consistency (a = 0.91) and a unidimensional structure with
good convergent and discriminant validity as compared to multiple
clinician-rated depression measures (Nakonezny et al., 2010). In our
sample, internal consistency was satisfactory (a = 0.78).

2.2.3. Neuroticism

The NEO Five-Factor Inventory (NEO-FFI-3) 60-item self-report
measure assesses the “Big Five” personality traits (McCrae and
Costa, 2010). The Neuroticism factor (12 items) assesses emotional
response tendencies (e.g., “When I'm under a great deal of stress,
sometimes [ feel like I'm going to pieces.”), rated on a 5-point scale
(“Strongly Disagree” to “Strongly Agree”), with total scores of 0-48. In
adults, internal consistency for Neuroticism is good (o = 0.86) and
factor structure is well replicated (McCrae and Costa, 2007). In our
sample, the NEO-FFI-3 Neuroticism score exhibited satisfactory internal
consistency (a = 0.74).
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Anxiety (ANX)

Cognitive Control
(CC)

Neuroticism x
Cognitive Control
(NE x CC)

2.2.4. Cognitive control

A version of the Eriksen Flanker Task (Eriksen and Eriksen, 1974;
Holmes et al., 2010) assessed cognitive control (see Supplementary
Material for details). Participants were seated at a computer with both
hands on the keyboard, presented with a row of arrows on-screen, and
responded as quickly and accurately as possible (via keyboard button
press) with either left or right index finger, corresponding to the di-
rection of the center arrow (left or right). The center arrow had adjacent
flanking arrows (two on each side), which either pointed in the same
direction (congruent trials) or in the opposite direction (incongruent
trials) of the center arrow. Participants completed 5 blocks of 70 trials
in each block (46 congruent trials, 24 incongruent trials). Accuracy and
reaction time (RT) were recorded, and interference effects were defined
as longer RT and poorer accuracy on incongruent as compared to
congruent trials.

We use the RT interference effect as our primary measure, as RT is
more sensitive to cognitive control processes (Prinzmetal et al., 2005).
Greater interference effect scores reflect greater deficits in cognitive
control, computed as the difference between the mean RT on incon-
gruent trials and the mean RT on congruent trials, across all five blocks.
The RT interference effect variable was reverse scored such that higher
scores represent greater levels of cognitive control. Interference effects
have been used as a behavioral indicator of cognitive control, reflecting
conflict monitoring in the anterior cingulate cortex (Botvinick et al.,
1999). The Flanker task also showed good test-retest reliability
(ICC = 0.80) in adults, and convergent and divergent validity with
other cognitive measures (Weintraub et al., 2013). In our sample, test-
retest reliability over 1 week, utilizing scores for clinically stable in-
dividuals (i.e., 61 placebo non-responders), demonstrated acceptable
reliability (r = 0.59).

2.2.5. Reward learning
The Probabilistic Reward Task (PRT) (Pizzagalli et al., 2005) as-
sessed reward learning. This paradigm utilizes signal detection theory

Reward Learning
(RL)
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Fig. 1. Hypothesized full model. The (+) or
(—) signs indicate the hypothesized direction
of the path coefficient; each is hypothesized to
reach significance at p < .05. (ns) indicates a
nonsignificant effect. The curved double-
headed arrow indicates correlated dis-
turbances. All exogenous variables were al-
lowed to freely correlate, and are not depicted
in this figure.

Anhedonia (ANH)

and differential reinforcement schedules consisting of financial reward,
resulting in a response bias over time (Pizzagalli et al., 2008; also see
Supplementary Material). Participants were seated at a computer and
informed that the purpose of the game was to maximize monetary
earnings, but not every correct response is rewarded. Participants were
asked to determine (via keyboard button press) which of two briefly
presented (100 ms) stimuli was presented on the screen: a short or long
mouth, superimposed on a cartoon face. Participants completed 2
blocks of 100 trials each. The reinforcement ratio was asymmetric;
correctly identifying the short mouth ("rich" stimulus) was rewarded
(“Correct!! You won 5 cents”) three times more frequently than the long
mouth (“lean” stimulus). Participants were paid a predetermined fixed
amount after task completion. A participant's tendency to identify the
more frequently rewarded (“rich”) stimulus is captured by response bias
(logb) scores, computed as follows (Pizzagalli et al., 2008):

logb=0.5*log{[(Richcorrect + 0.5)*(Leanineorrect + 0.5)]/
[(RiChIncorrect + 0~5)*(LeanCorrect + 05)]}

Our variable of interest is the change in response bias (RB) scores
from the first to the second block of trials (RBgjock 2 — RBgiock 1), Te-
flecting behavioral adjustments in response to selective reward feed-
back, i.e., reward learning. Evidence of the validity of the PRT response
bias as a behavioral indicator for reward learning has appeared in
healthy controls and clinical populations (Huys et al., 2013). One-
month test-retest reliability of response bias scores has proven adequate
(r = 0.57) in a sample of undergraduate students (Pizzagalli et al.,
2005). In the current sample, test-retest reliability over 1 week for
clinically stable individuals (i.e., 57 placebo non-responders) was un-
expectedly poor (r = 0.11).

2.3. Analytical plan

Prior to analysis, data were examined and assumptions of structural
equation modeling (SEM) analysis, which was used to test the
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hypothesized relationships and assess model fit were met (i.e., as-
sumptions of linearity, homoscedasticity, multivariate normality, mul-
ticollinearity, and singularity). Model-based corrections for measure-
ment error were applied using a latent variable structural equation
model to conduct path analysis (Cole and Preacher, 2014). Each ob-
served variable serves as a single indicator for a latent (error-adjusted)
variable representing that construct. For each observed variable, the
factor loading is set to 1.0, and error variance is fixed to a value based
on a reliability estimate (pxc) of that measure [(1—p) X variance]
calculated from the current sample (see Measures). Each observed
variable is represented by a single-indicator latent construct (in par-
entheses), thus accounting for measurement error in the model. En-
dogenous (i.e., dependent) variables include STAI State Anxiety score
(ANX) and SHAPS total score. Exogenous (i.e., independent) variables
include NEO-FFI-3 Neuroticism factor score (NE), interference effect on
RT in the Flanker task (CC), and change-in-response bias across blocks
in the PRT (RL). A mean-centered interaction term, the Neuroticism
score X Flanker RT interference effect (NE x CC) was computed as a
fourth exogenous variable. This interaction term was computed in order
to test for moderation in the model.

SPSS AMOS (version 24.0) was used, building models in an iterative
procedure based on maximum likelihood estimation, using full in-
formation maximum likelihood to handle missing data. The hypothe-
sized model (see Fig. 1) was estimated first. Post-hoc model modifica-
tions were made using empirical results. Paths in the structural model
were evaluated for statistical significance, and non-significant paths
were trimmed from the model one at a time, re-estimating model fit
after each path was trimmed. The relative fit of each model was eval-
uated using the Akaike Information Criterion (AIC), where smaller va-
lues indicate a more parsimonious model (Burnham et al., 2011). This
resulted in fitting three models in total. The overall model fit was as-
sessed with model fit indices of 2, x2/df, CFI, RMSEA, PCFI, and AIC,
all chosen based on current recommendations (Hooper et al., 2008; Hu
and Bentler, 1999; Kline, 2015) suggesting these indices are least sen-
sitive to sample size and model misspecification (see Supplementary
Material for details).

3. Results

In this sample of depressed outpatients (N = 296; see Table 1), 34%
reported clinically significant anxiety (STAI-S > 52) and 77% exhibited
anhedonia (SHAPS > 2), with 31% meeting the cutoff for both clini-
cally significant anxiety and anhedonia. The correlation matrix with all
observed variables in the model is summarized in Table 2.

The estimated hypothesized full model is depicted in Fig. 2, with
model fit indices indicating a good fit, x*(3 df, N = 296) = 3.41,
p = .33, x*df =1.14, CFI = 0.993, RMSEA = 0.022, AIC = 51.41.
However, the model lacked parsimony, PCFI = 0.142, and two paths
were nonsignificant: reward learning to anhedonia (unstandardized
coefficient = 1.500, standardized coefficient = 0.035, p = .86) and the
path between the neuroticism X cognitive control interaction term and
anxiety (unstandardized coefficient = 0.009, standardized coeffi-
cient = 0.089, p = .24). Post-hoc model modifications were then per-
formed as described above, comparing AIC values to determine best
model fit. The path between reward learning and anhedonia was de-
leted first and the model was then re-estimated. The trimmed model
also fit the data well, x*(2 df, N = 296) = 2.41, p = .30, x*/df = 1.21,
CFI = 0.993, RMSEA = 0.027, PCFI = 0.132, AIC = 38.41. One addi-
tional model was estimated by trimming the one remaining non-
significant path between neuroticism X cognitive control and anxiety.
This fully trimmed final model (see Fig. 3) also fit the data well, x2(1 df,
N = 296) = 0.35, p = .55, x%/df = 0.35, CFI = 1.000,
RMSEA = 0.000, PCFI = 0.100, AIC = 26.35. The only exception to
good model fit is the poor parsimony fit (PCFI). Comparing AIC values,
the fully trimmed model has the smallest AIC value, with the difference
in AIC between the models being > 10, indicating the best fit
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Table 1
Demographic and clinical characteristics (N = 296).

M (SD) or n(%)*

Age, years 37.1 (13.3)
Female 194 (66%)
Race/ethnicity”
White, Non-Hispanic 155 (52%)
Hispanic 55 (19%)
African American 58 (20%)
Asian 21 (7%)
Other 23 (8%)
Marital status (n = 293)
Single 175 (60%)
Married 58 (20%)
Divorced/Separated/Widowed 59 (20%)
Employment status (n = 292)
Full time 92 (32%)
Part-time 70 (24%)

Not employed 130 (45%)
Education level (n = 292)

Completed higher education

Some higher education

No higher education (high school or less)

Monthly household income level (n = 240)

127 (43%)
104 (36%)
61 (21%)

>$2000 107 (45%)
$1000-2000 75 (31%)
<$1000 (Below poverty) 58 (24%)

Family history (n = 293), first degree relatives with:
Serious mental illness
Depressed mood = 2 weeks

158 (53%)
186 (63%)

Age of onset of first Major Depressive Episode (MDE), years 16.3 (5.8)
Lifetime MDE Characterization
Chronic (episode duration > 2 years)
215 (73%)
Recurrent (mainly well, with 2 + distinct episodes) 81 (27%)
MDE Characteristics
Duration of current MDE, months® 15 (43)
Severity of Current MDE*
Mild 14 (5%)
Moderate 194 (66%)
Severe 87 (29%)

“With anxious distress” specifier in current MDE 114 (39%)

Severity of “anxious distress” (n = 114)"

Mild 30 (26%)
Moderate 46 (40%)
Moderate-severe to severe 38 (33%)

% Numbers (%) may not add up to N = 296 due to missing data. Percentages
are based on non-missing data and may not add up to 100% due to rounding
error.

> Percentages sum to greater than 100% because participants reporting
Hispanic ethnicity may be of any race and are therefore counted under more
than one category.

¢ Due to severely positive skewed distribution, median (IQR) is reported
instead of mean (SD). IQR, or interquartile range, is equal to the difference
between the 75th and 25th percentiles.

4 Severity levels were determined by clinical ratings according to the
Structured Clinical Interview for DSM disorders (SCID).

(Burnham et al., 2011).

In the final model (Fig. 3), increased anxiety was associated with
greater neuroticism (unstandardized coefficient = 0.798, standardized
coefficient = 0.400, p < .001) and decreased cognitive control (un-
standardized coefficient = —0.108, standardized coeffi-
cient = —0.176, p < .05). Increased anhedonia was predicted by
greater neuroticism (unstandardized coefficient = 0.140, standardized
coefficient = 0.256, p < .001). Neuroticism was positively correlated
with cognitive control (r = 0.312, p <.001), and the unexplained
variance in anxiety correlated positively with the unexplained variance
in anhedonia (r = 0.301, p < .001). Per the squared multiple correla-
tions (R?), neuroticism and cognitive control accounted for 14.7% of
the variance in anxiety, and neuroticism accounted for 6.5% of the
variance in anhedonia. Because post hoc model modifications were



A. Liao et al.

Journal of Affective Disorders 245 (2019) 1070-1078

Table 2

Correlations, means, and standard deviations of observed variables.
Variable 1 2 3 4 5 6 M SD
1. State-Trait Anxiety Inventory — State Anxiety (STAI-S) - 48.22 11.54
2. Snaith-Hamilton Pleasure Scale (SHAPS) 0.31% - 5.59 3.44
3. NEO-Neuroticism (NEO-N) 0.28* 0.20* - 34.86 6.48
4. Flanker Task Reaction Time (Flanker RT) —0.05 0.02 0.22* - 64.19 22.54
5. Probabilistic Reward Task change in Response Bias (PRT ARB) —0.02 0.03 0.06 —0.01 - 0.02 0.21
6. NEO-N X Flanker RT 0.04 -0.09 -0.21 0.04 0.04 - 32.18 146.02

Pearson correlation coefficient was calculated for each pair of variables for which data was available (cases excluded pairwise)
STAI-S, n = 295. SHAPS n = 295. NEO—N, n = 293. Flanker RT interference effect, milliseconds, n = 264. PRT ARB, logP, n = 259. NEO—N x Flanker RT = mean-
centered interaction term (product of mean-centered NEO—N and mean-centered Flanker RT), n = 262.

* p<.0l.

performed, a correlation was calculated between the parameter esti-
mates from the hypothesized full model and the parameter estimates
from the final model, r(11) = 1.000, p < .001, indicating parameter
estimates did not change significantly despite model modification,
lending increased confidence to the generalizability of results.

4. Discussion

In our racially/ethnically and socioeconomically diverse sample of
patients with moderate-to-severe depression severity and high levels of
anxiety and anhedonia, we found neuroticism was positively associated
with anxiety and anhedonia while cognitive control was independently
and negatively associated with anxiety but not anhedonia. Contrary to
hypotheses, cognitive control did not moderate the association between
neuroticism and anxiety, and there was no significant association be-
tween reward learning and anhedonia. Our finding of neuroticism being
associated with clinically significant anxiety replicates others’ anxiety

312

Cognitive Control
(CC)

Neuroticism x
Cognitive Control
(NE x CC)

Flanker RT

NEO-N x
Flanker RT

Reward Learning
(RL)

(e.g., Jylhd and Isometsd, 2006; Schuurmans et al., 2005; Zinbarg et al.,
2016) and anhedonia (Wetter and Hankin, 2009) findings. One possible
mechanism by which neuroticism affects both anxiety and anhedonia
may be through the effects of rumination and worry. In both non-
clinical (Muris et al., 2005) and clinical (Roelofs et al., 2008) samples,
rumination was found to mediate the link between neuroticism and
symptoms of both depression and anxiety, as well as later depressive
symptoms (Barnhofer and Chittka, 2010; Mezulis et al., 2011). As
predicted by the impaired disengagement hypothesis (Koster et al.,
2011), rumination increases focus on the self and decreases focus on the
environment, and this reduced attention to naturally-occurring en-
vironmental contingencies may lead to clinical anhedonia over time.
We did not find evidence for cognitive control moderating the asso-
ciation between neuroticism and anxiety as we hypothesized. Instead,
our behavioral measure of cognitive control was independently asso-
ciated with lower levels of anxiety (i.e., better cognitive control is as-
sociated with less anxiety), consistent with the impaired disengagement

Fig. 2. Estimated full model. Rectangles re-
present observed variables, and ovals represent
error-adjusted variables. Circles represent er-
rors and disturbances. Single-headed arrows
represent standardized direct effects. The
curved double-headed arrows indicate corre-
lations. Nonsignificant correlations between
exogenous variables are not shown. *p < .05;
**p < .001; (ns) indicates nonsignificant effect.

Anhedonia (ANH)

.884
SHAPS

PRT ARB
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301**

Anxiety (ANX)

Anhedonia (ANH)

Fig. 3. Final model. Rectangles represent observed variables, and ovals represent error-adjusted variables. Circles represent errors and disturbances. Single-headed
arrows represent standardized direct effects. The curved double-headed arrows indicate correlations. *p < .05; **p < .001.

hypothesis. Our results are consistent with other studies that have
analyzed behavioral measures of cognitive control (De Raedt and
Koster, 2010; Paulus, 2015), but not studies that used self-report
measures of cognitive control which have shown an interactive effect
between neuroticism and cognitive control (Muris, 2006; Vasey et al.,
2013). Thus, it appears the method of cognitive control measurement
(behavioral or self-report) may account for the lack of consistency in
the literature. This underscores the idea that behavioral and self-report
measures of cognitive control are not interchangeable, as people may
differ in their ability to self-report cognitive control (Necka et al.,
2012). Behavioral measures may be more informative, for example, a
recent longitudinal study using a behavioral measure of cognitive
control showed that cognitive control deficits in preschool-aged chil-
dren were independently associated with both increased depressive and
anxiety symptoms over 7.5 years (Kertz et al., 2016).

Reward learning was not associated with anhedonia, contrary to
previous studies (Liu et al., 2011; Liu et al., 2016; Pizzagalli et al., 2008;
Vrieze et al., 2013). The test-retest reliability of the PRT was un-
expectedly poor in this sample, which likely affected the ability to de-
tect a relationship. One possible explanation for poor task reliability
may be specific to this particular sample of individuals.
Pizzagalli et al. (2005) reported that individuals with high depression
severity failed to show any changes in response bias across blocks (i.e.,
reward learning), differing significantly from those with low depression
severity. Because our sample was restricted to individuals with mod-
erate to severe depression severity, low variability in reward learning in
this sample may have led to the low observed reliability (i.e., if true
score variability is low, reliability consequently will be low). Future
studies examining samples with a wider range of depression severity
scores may better elucidate a relationship between reward learning and
anhedonia. It is also possible that other relevant factors may not have
been captured in the hypothesized model. Reward sensitivity and
learning rate may be separable components of reward learning that
could be important to examine (Huys et al., 2013). Other factors (e.g.,
perceived control and stress) may also significantly affect the re-
lationship between reward systems and anhedonia (Pizzagalli, 2014). In
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a recent review, Rizvi et al. (2016) concluded anhedonia is a multi-
faceted construct that includes different facets of hedonic function in-
cluding desire, effort/motivation toward obtaining a reward, and an-
ticipatory and consummatory pleasure. Because self-report measures
like the SHAPS may only measure one facet of hedonic function, they
may not always correlate with reward task performance. Multi-method
assessment of anhedonia or examination of specific facets of anhedonia
may help to clarify the relationship between reward learning and an-
hedonia.

One notable limitation of our study is that, due to the significant
correlation between the unexplained variances of anxiety and anhe-
donia, extraneous variables not included in the model may have even
more influence in explaining symptoms of anxiety and anhedonia. For
example, outside factors (e.g., environmental stress) or psychological
factors (e.g., repetitive negative thinking) may moderate variables not
modeled in the current study. Because of the sample characteristics
(high neuroticism, moderate to severe depression), restricted range in
these variables may have attenuated some of the hypothesized re-
lationships. Future studies would benefit from expanding the scope of
the study to participants with greater range in neuroticism and de-
pression symptom severity, including those with milder symptoms.
Because these constructs cut across traditional diagnostic boundaries
beyond MDD, further studies investigating the proposed model in a
transdiagnostic sample may contribute to our understanding of psy-
chopathology. Most important, because the current study was a cross-
sectional analysis of data from a currently depressed sample, we cannot
draw any causal conclusions without experimental and longitudinal
data. The current study is a secondary analysis of data from a trial not
originally designed to answer the aims of this study. Thus, we were
unable to examine how symptoms (e.g., anxiety and anhedonia) influ-
ence the measurement of the constructs; however, there is evidence
from prior literature that measurement of neuroticism is stable even
during acute depressive episodes (Costa et al., 2005) and cognitive
control deficits persist after remission from depression (Porter et al.,
2016; Rock et al., 2014). Other potential confounding control variables
(e.g., age) were not included in the model due to sample size concerns
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but would be important to include in future studies. Finally, while we a
priori defined and tested potential relationships among the constructs,
we then conducted additional exploratory analyses by testing alter-
native relationships among the constructs based on our initial results.

In summary, we found that the most parsimonious model explaining
anxiety and anhedonia symptoms in patients with either early onset or
either chronic or recurrent MDD consisted of pathways involving neu-
roticism and cognitive control. Neuroticism was positively associated
with both anxiety and anhedonia, indicating a commonality underlying
both symptom presentations. Lower levels of anxiety were associated
with greater cognitive control, suggesting the potential importance of
cognitive control as a protective mechanism against anxiety.
Neuroticism had a stronger association with anxiety and anhedonia,
compared to the contributions of cognitive control and reward learning.
These findings contribute to the understanding of clinical symptoms
and their relationship to psychological constructs, and if longitudinal
studies establish the directionality of our proposed model, may also
suggest possible targets for intervention that may lead to symptom
improvement.

5. Conclusion

Individuals with MDD have heterogeneous clinical presentations, in
which high levels of anxiety and anhedonia are prevalent and im-
pairing. In a large sample of outpatients with early onset and either
chronic or recurrent MDD, cross-sectional analyses found neuroticism
was significantly associated with higher anxiety and anhedonia, and
cognitive control was significantly associated with lower anxiety. The
best fitting model did not suggest an interactive effect between neu-
roticism and cognitive control, or a significant effect of reward learning.
Findings suggest that reducing neuroticism and improving cognitive
control may be important to explore in the treatment of MDD.
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