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ABSTRACT

Anhedonia is a transdiagnostic construct that can occur independent of other symptoms of depression; its role in neuropsychiatric disorders that are not primarily
affective, such as obsessive compulsive disorder (OCD), hoarding disorder (HD), and post-traumatic stress disorder (PTSD) has received limited attention. This paper
addresses this gap. First, the data revealed a positive contribution of anhedonia, beyond the effects of general depression, to symptom severity in OCD but not in HD
or PTSD. Second, anhedonia was operationalized as a reduced sensitivity to rewards, which allowed employing the value based decision making framework to
investigate effects of anhedonia on reward-related behavioral outcomes, such as increased risk aversion and increased difficulty of making value-based choices. Both
self-report and behavior-based measures were used to characterize individual risk aversion: risk perception and risk-taking propensities (measured using the Domain
Specific Risk Taking scale) and risk attitudes evaluated using a gambling task. Data revealed the positive theoretically predicted correlation between anhedonia and
risk perception in OCD; effects on self-reported risk taking and behavior-based risk aversion were non-significant. The same relations were weaker in HD and absent
in PTSD. Response time during a gambling task, an index of difficulty of making value-based choices, significantly correlated with anhedonia in individuals with OCD
and individuals with HD, even after controlling for general depression, but not in individuals with PTSD. The results suggest a unique contribution of one aspect of
anhedonia in obsessive-compulsive disorder and confirm the importance of investigating the role of anhedonia transdiagnostically beyond affective and psychotic
disorders.

1. Introduction

Anhedonia is defined as a loss of interest in activities that an in-
dividual enjoyed previously and a decreased ability to pursue, experi-
ence, and learn about pleasure. It has been linked to diminished reward
processing (Whitton et al., 2015). Anhedonia is a hallmark symptom of
major depressive disorder (APA, 2013) and is associated with impaired
functioning and worse treatment outcomes (Davidson et al., 2010;
Dunlop and Nemeroff, 2007; Kouros et al., 2016; McCabe et al., 2009,
2010; Nutt et al., 2007; Price et al., 2009; Spijker et al., 2001). Recent
studies suggest that anhedonia is a transdiagnostic construct that can
occur independent of other depressive symptoms (Abramovitch et al.,

2014; Insel et al., 2010; Insel and Cuthbert, 2015; Weinberg et al.,
2015). For instance, it is a core negative feature of psychotic disorders
(Anticevic et al., 2015; Barch et al., 2017a, 2017b; Dowd et al., 2016).
It is also frequently seen in other neuropsychiatric disorders with which
depression is commonly comorbid, such as obsessive compulsive (OCD,
(Overbeek et al., 2002)), hoarding (HD, (Frost et al., 2011)), and post-
traumatic stress disorders (PTSD, (Campbell et al., 2007)). However,
the cross-diagnostic contribution of anhedonia to this latter group of
psychopathologies remains unclear (Abramovitch et al., 2014; Nawijn
et al., 2015). This study aims to address that gap.

Several lines of evidence suggest that anhedonia contributes to
OCD, independent of comorbid depression. Individuals with OCD
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exhibit anhedonia, and it correlates with symptom severity even after
controlling for comorbid depression (Abramovitch et al., 2014). Neu-
roimaging reveals abnormal activation and functional connectivity
within reward processing circuitry, including ventral striatum and
medial prefrontal cortex, in OCD (Anticevic et al., 2014b; Harrison
et al., 2009, 2013). Our recent behavioral studies reveal increased in-
consistency of value-based choices in OCD; this may be linked to
aberrant value encoding, such as increased noisiness in or a blunting of
the value signal (Pushkarskaya et al., 2015, 2017), which is related to
anhedonia, as detailed below. The relationship of anhedonia to other
conditions outside the primary affective and psychotic disorders is less
clear. In post-traumatic stress disorder (PTSD), anhedonia may corre-
late with emotional numbing but has little relationship to other
symptoms (Kashdan et al., 2006). Decreased reward processing may be
more prominent in men than in women with PTSD (Nawijn et al.,
2015). No studies have examined the association of anhedonia with
hoarding disorder (HD).

Anhedonia is a complex construct (Argyropoulos and Nutt, 2013;
Treadway and Zald, 2013). Computational models of behavior propose
several hypotheses as to how parameters of decision-making and
learning models (such as feedback sensitivity, noise in valuation, and
outcome magnitude sensitivity) may be linked to individual variation in
anhedonia (Chung et al., 2017; Huys et al., 2013; Mueller et al., 2007).
In major depression, this approach has produced mixed, often negative
results (Robinson and Chase, 2017). Here, we employ a robust theo-
retical framework from behavioral economics, the value-based decision
making framework (Rangel et al., 2008), to investigate how anhedonia
may be linked to one parameter of the subjective value model
(Kahneman and Tversky, 1979), reduced steepness of the subjective value
(SV) function, cross-diagnostically, in individuals with OCD, HD, and
PTSD. Reduced steepness of the SV function has several empirically
testable implications for reward-related behavioral outcomes, such as
increased risk aversion and increased difficulty of making value-based
choices (Fig. 1). We used self-report and behavior-based data to test
these predictions across the three diagnoses. Studying effects of anhe-
donia cross-diagnostically may help to elucidate whether different as-
pects of anhedonia manifest differentially in different psychopatholo-
gies.

2. Methodology
2.1. Theoretical framework

The value-based decision framework (Rangel et al., 2008) suggests
that, during decision making, individuals assign a subjective value (SV)
to available options (valuation) and then choose the option with the
largest SV (value-based choice). The relationship between objective and
subjective values is typically positive but nonlinear: individuals tend to
obtain diminishing levels of satisfaction, or marginal SV, from addi-
tional units of a valued outcome (Kahneman and Tversky, 1979). For
instance, the difference between $0 and $10 is experienced as larger
than the difference between $1000 and $1010. This is reflected in the
concave SV function in the domain of gains (Fig. 1A).

Within this framework, anhedonia can be operationalized as a re-
duced subjective sensitivity to magnitude of objective rewards. This
implies that the SV function of an anhedonic individual (aSV) is flat-
tened (Fig. 1A): a given increment in objective reward leads to a smaller
change in subjective reward (along the y-axis). Operationalizing an-
hedonia as a flattening of the individual subjective value function has
several implications for reward-related processes, as detailed below.
Another way to operationalize anhedonia within this framework is as
increased noisiness in subjective valuation, often modeled by inverse
temperature parameters (Robinson and Chase, 2017). Prior studies
have investigated the latter; it is beyond the scope of this paper, al-
though we control for inverse temperature in analyses of behavioral
data, as detailed below.
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Increased difficulty of making choices. Choice between alternatives
with clearly distinct SVs is straightforward. Choices may become dif-
ficult, however, when options are of similar SV. Fig. 1B illustrates that
for an anhedonic individual (flatter aSV) the choice between two al-
ternatives, x; and X,, is more difficult. Choice difficulty is commonly
associated with increased response time (Dodonov and Dodonova,
2012; Gilbert et al., 2012). Thus, we predict anhedonia severity to
correlate positively with response time during difficult value-based
choices.

Increased risk aversion. The concave subjective value function im-
plies risk aversion (see Fig. 1C). Individuals vary in how much money
they are willing to give up to avoid dealing with risk (i.e. their risk
premium, or RP). Fig. 1C illustrates that for an anhedonic individual,
the flattened SV curve (bottom) implies higher RP. Thus, anhedonia is
predicted to correlate positively with risk aversion.

Measuring risk aversion. A variety of measures has been developed to
evaluate risk aversion (Harrison et al., 2005). Two types of measures
are typically used: self-report (evaluated via questionnaires) and be-
havior-based (derived from choice data during a laboratory experi-
ment). While both are designed to measure the same theoretical con-
struct, they do not necessarily correlate (Dislich et al., 2010). Evidence
as to which has better ecological validity is mixed (Dohmen et al., 2005,
2011). We choose to remain agnostic and use both types of measure to
test theoretically-predicted effects of anhedonia on risk aversion (see
Measures).

2.2. Participants (Table 1)

All procedures were approved by the Yale University Human
Investigation Committee, the VA Central Institutional Review Board
(IRB), and the Hartford Hospital Institutional Review Board. All parti-
cipants provided written informed consent and completed a demo-
graphic questionnaire and the Kaufman Brief Intelligence Test
(Kaufman, 1979). All diagnoses were established by doctoral-level
clinicians; PTSD diagnosis was confirmed using the Structural Clinical
Interview for DSM-IV Disorders (SCID-IV; (First et al., 2012)), OCD and
HD diagnoses were confirmed or excluded using a structured diagnostic
interview for DSM-5 anxiety, mood, and obsessive-compulsive and re-
lated disorders (DIAMOND; (Tolin et al., 2016)). Only unmedicated or
stably medicated individuals (SSRI monotherapy for = 8 weeks) were
included. Comorbid MDD was diagnosed in 8 OCD participants, 6 HD
participants, and 15 PTSD participants. Other comorbid conditions in-
cluded Generalized Anxiety Disorder, Social Anxiety, Bipolar Disorder,
and Tic Disorder. For the full list of comorbid conditions see SM1.

These data were collected as part of a larger attitude study, focused
primarily on how behavioral measures of risk and ambiguity are af-
fected by psychopathologies (Pushkarskaya et al., 2015, 2017;
Ruderman et al., 2016). Twenty-seven individuals with OCD without
significant HD symptoms and 18 individuals with HD lacking sig-
nificant OCD symptoms were recruited through the Yale OCD Research
Clinic and the Anxiety Disorders Center at the Institute of Living,
Hartford Hospital. Fifty-five control participants from the general po-
pulation (GPC), matched on demographic and cognitive characteristics
with the OCD and HD samples, were recruited in the New Haven, CT
area using flyers. Twenty-eight combat veterans with PTSD and 28
control combat veterans without PTSD (VCC), matched on demographic
and cognitive characteristics, were recruited through the VA National
Center for PTSD, West Haven, CT.

Data from control groups were included in the analyses to evaluate
general effects of psychiatric diagnoses on risk aversion and response
time. Since HD individuals were older (51.5 * 2.1 years) than OCD
individuals (31.0 * 2.0;t = 7.05, p < 0.001), and age can potentially
affect risk aversion (Tymula et al., 2013), we generated two in-
dependent control subsamples that matched OCD and HD on age,
gender, and IQ (Table 1), as in Pushkarskaya et al. (2017).

Approximately 40% of OCD and HD participants, as well as GPC,



H. Pushkarskaya et al.

Risk Neutral:

A. A SV (x) C. svih A
’/__(/”,__._.,— SV(Zx )
aSV{x*)
CE
—— SV(x*) A
x
SV(x*)
2
SV(x)
aSV(x) A CE<—

x q x2 X [ A —r ) o

were males, allowing examination of potential gender effects. Combat
veteran participants were mostly male (22 out of 26 with PTSD, and 24
out of 27 without PTSD), which does not allow for evaluation of the
gender effects in this sample.

2.3. Measures (Table 2)

With Anhedonia

Risk Averse
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Fig. 1. Hypothesized effects of Anhedonia on
Subjective Value. A. Anhedonia can be oper-
ationalized as reduced sensitivity to rewards,
which implies flatter subjective value function
(aSV). B. For an individual with anhedonia
(flatter aSV) the choice between two alter-
natives, x; and x,, is more difficult than it is for
an individual without anhedonia (steeper SV).
C. Risk aversion can be operationalized as will-
ingness to pay extra money to avoid dealing
with risk. For instance, a risk averse individual
may agree to receive $4 with certainty, in pre-
ference to a lottery in which there are even odds
of receiving $10 or nothing (i.e. with an ex-
pected value of $5). The subjective value of such
a lottery ($4 in this case) is termed its ‘certainty
equivalence’ (CE); the difference between the CE
of $4 and the expected value (EV) of $5 is
termed the ‘risk premium’ (RP). A risk neutral
individual would have a RP of zero, such that
the CE = EV; such an individual would not be
willing to accept anything less than $5 in ex-
change for a lottery with an EV of $5. A risk-
neutral individual would necessarily have a
linear subjective value function (top panel). On
the other hand, a concave subjective value
function will always yield CE < EV and thus
RP > 0, implying risk aversion (middle panel).
Flatter subjective value function of an individual
with anhedonia implies stronger risk aversion,
aCE < CE and thus aRP > RP (bottom panel).

Clinical measures. All participants from three clinical populations, as
well as combat veteran controls (VCC), were assessed on the Beck
Depression Inventory-II (BDI-II, (Beck et al., 1996)). For the BDI-II, we
utilized two subscales, following the procedures of Joiner and

Table 1
Sample description: demographics.
OCD HD PTSD
Dx (N = 27) GPC (N = 29) p Dx (N = 18) GPC (N = 26) P Dx (N = 28) VCC (N = 28) P
Age 31.0 = 2.0 29.6 = 1.7 0.44 515 = 2.1 47.8 = 3.0 0.36 315 = 14 35.0 = 1.6 0.12
Male 0.4 = 0.1 0.4 £ 0.1 0.99 0.3 = 0. 0.4 = 0.1 0.75 0.8 £ 0.1 09 *= 0.1 0.71
(0] 104.0 = 2.3 109.4 = 2.2 0.13 110.0 = 3.7 112.2 = 2.4 0.99 105.6 = 2.0 1054 = 2.1 0.95

Note: OCD - individuals with Obsessive Compulsive Disorder; HD - individuals with Hoarding disorder; PTSD — combat veterans with post-traumatic stress disorder;
Dx - individuals from a corresponding clinical group; GPC - Controls from general population; VCC - controls combat veterans. Significance of the between-group
difference, p-value, for Age and IQ is based on the one-way ANOVA; significance of the between -group difference, p-value, for Male is based on the Pearson's chi-

squared test (x2).
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Table 2
Key concepts and measures.
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Concept Measure

Definition/Description

References

Sensitivity to rewards
Steepness of
Y%

Expresses relationship between objective payoff and subjective assessment this
payoff. Flatter subjective value function reflects reduced subjective sensitivity to
objective rewards, may imply reduced incentive motivation.

Hsee et al. (2005); McClure et al. (2003).

Severity of Clinical Symptoms
Anhedonia and
depression

BDI-II

aBDI

gBDI

Well-validated self-report measure of depression, including both anhedonia (3
items) and other aspects of depression (18 items). Confirmatory factor analysis of
this scale has shown that a two-factor CFA model separating anhedonia from other
items outperforms a one-factor model.

Anhedonia Subscale of BDI-II, consisting of the 3 anhedonia-related items. It has
been shown to correlate with individual hedonic capacity.

Non-anhedonic (general) subscale of BDI-II, consisting of the other 18 items that
capture other symptoms of depression.

Disorder-specific Y-BOCS
symptom severity

SIR

CAPS

Well-validated clinician-administered measure of OCD severity; includes obsession
and compulsion subscales.

Well-validated self-report measure of hoarding symptomatology. Can be used to
access hoarding tendencies in general population; includes 3 validated subscales:
Clutter, Difficulty Discarding, Excessive Acquisition

Well-validated clinician-administered measure of PTSD symptomatology. CAPS
assesses Cluster B re-experiencing symptoms, Cluster C avoidance symptoms, Cluster
C emotional numbing symptoms, and Cluster D hyperarousal symptoms.

Joiner et al. (2003); Leventhal et al. (2006);
Kashdan et al. (2006).

Goodman et al. (1989)a, b

Frost et al. (2004); Tolin et al. (2011)

Aker et al. (1999).

Risk Attitudes

Self-Reported DOSPERT

RiskT

RiskP

Behavior based RiskB

Well-validated and broadly used by behavioral economics studies self-reported
measure of risk attitudes in five domains: during ethical, financial, health/safety,
social, and recreational decisions. The factor structure replicated in a wide range of
settings and populations. Risk perception and risk taking measure different
constructs; they are negatively correlated in the general population.
Self-reported Risk Taking, assessed by DOSPERT scale. Evaluates level of risk taking.
E.g. evaluate “How likely you are to invest 10% of your income in a new business
venture,” using a 7-point rating scale ranging from 1 (Extremely Unlikely) to 7
(Extremely Likely).
Self-reported Risk Perception, assessed using the DOSPERT scale. Evaluates
willingness to engage in a risky activity as a function of its perceived riskiness. E.g.
indicate “How risky you think it is to invest 10% of your income in a new business
venture,” using a 7-point rating scale ranging from 1 (Not at all) to 7 (Extremely
Risky).
Choice based measure of risk averse behavior during a laboratory gambling task.
This task includes choices under risk and ambiguity, between gains and between
losses separately (Risk and Ambiguity task). The measure of risk aversion is derived
using choices during risk trials under gains only. During these trials, participants
make 80 choices between a sure payoff of $5 and a lottery that offers a nonzero
chance of a positive payoff. Both probabilities (0.13, 0.25, 0.38, 0.5, 0.75) and
payoff amounts ($8, $20, $50, $125) vary systematically; each trial repeated 4
times. Choices of each participant are compared to choices of a hypothetical risk-
neutral decision maker, which in this task would choose risky lotteries over the sure
# of risky lotteries chosen
total # of risky lotteries
risk-averse participant, and negative for a risk-seeking participant.

payoff 72.5% of the time. RiskB = 0.725 — ; it is positive for a

Weber et al. (2002); Blais and Weber (2006);
Wu and Cheung (2014); Figner and Weber
(2011)

Levy et al. (2010); Tymula et al. (2013);
Pushkarskaya et al. (2015); Pushkarskaya
et al. (2017).

Task Difficulty
RT

Response time during risky choices under gains of the Risk and Ambiguity task.
Response time during each of these choices, excluding omissions, was log-
transformed and averaged across trials. Response time has been demonstrated to
increase with task difficulty in general population.

Wright and Ayton (1988); Konovalov and
Krajbich (2017)

Noise in Valuation %

Inverse temperature parameter, from the model used in the analysis of choice data

B = m, where P, is the probability that the participant chose a lottery,
+e

SVr and SVy are the SVs of the fixed sure payoff and a variable options (lottery),
respectively, and vy is the slope of the logistic function, or equivalently a noise
parameter. Along with steepness of a subjective value function, it has been shown to
correlate with proportion of risky choices of a participant.

Gilboa and Schmeidler (1989); Levy et al.
(2010).

colleagues (Joiner et al., 2003). An Anhedonic subscale was created by
summing responses on BDI-II anhedonia-associated items (aBDI): loss of
pleasure (item #4), loss of interest (item #12), and loss of interest in
sex (item #21). A General Depression subscale (gBDI) consisted of the
sum of the remaining 18 items. Prior studies have demonstrated that a
two-factor CFA distinguishing anhedonic and nonanhedonic items
outperformed a model with one latent variable defined by all 21 items

(Joiner et al., 2003; Kashdan et al., 2006).

Symptom severity in the clinical groups was assessed using the Yale-
Brown Obsessive Compulsive Scale (Y-BOCS; (Goodman et al., 1989a;
Goodman et al., 1989b)) for OCD, the Saving Inventory Revised (SI-R;
(Frost et al., 2004)) for HD, and the Clinician-Administered PTSD Scale
for DSM-1V (CAPS-IV) for PTSD.

Self-report measures. Twenty-three OCD participants, sixteen HD
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Table 3
Descriptive of measures.

OCD HD PTSD

Dx GPC P Dx GPC P Dx VCC P
Clinical measures N =27 N=18 N=28 N=28
Symptom Severity” 25.6 = 1.0 - - 53.3 = 3.3 - - 62.5 = 4.1 6.9 + 2.1 < 0.001
Severity of depression N =27 N=18 N =28 N=28
Minimal (BDI:0-13) 17 - - 13 - - 6 25 -
Mild (BDI: 14-19) 8 - - 2 - - 4 0 -
Moderate (BDI: 20-28) 1 - - 2 - - 9 3 -
Severe (BDI: 29-63) 1 - - 1 - - 9 0 -
Anhedonia (aBDI) 1.4 £ 0.3 - - 1.8 £ 05 - - 3.7 £ 0.5 0.8 = 0.2 < 0.001
Global Depression (gBDI) 9.2 + 1.4 - - 8.8 + 1.7 - - 19.6 = 1.7 4.5 = 1.2 < 0.001
Self-Report measures N =23 N =29 N =16 N =26 N =28 N =27
Did not complete N=4 0 2 0 0 0
Risk Perception (RiskP) 241 = 0.9 22.1 + 0.7 0.04 27.1 = 0.7 23.3 = 0.9 0.004 225 = 1.0 21.9 = 0.8 0.65
Risk Taking (RiskT) 143 £ 1.0 16.0 = 0.7 0.36 126 = 0.8 14.6 = 0.8 0.08 19.7 + 0.8 16.9 = 0.7 0.01
Behavior Based measures N=25 N =29 N=18 N =26 N =28 N=28
Did not complete N = N=0 N=0 N=0 N= N =
Outliers with highly random choices” N=1 N=0 N=1 N=0 N=1 N =
Risk-aversion (RiskB) 0.24 + 0.03 0.18 £ 0.03 0.12 0.23 = 0.03 0.27 + 0.03 0.37 0.29 = 0.04 0.28 = 0.03 0.77
Response time, msec, log-transformed (RT) 7.8 = 0.1 7.8 £ 0.1 0.77 8.0 = 0.1 7.6 £ 0.04 <0.001 7.7 = 0.1 7.7 = 0.1 0.95
Inverse temperature (y)° -22 + 024 -17 +£025 021 -22=*029 -23=*020 0.79 —-27 £ 033 -23 * 023 0.38

Note: OCD - individuals with Obsessive Compulsive Disorder; HD - individuals with Hoarding disorder; PTSD — combat veterans with post-traumatic stress disorder;
Dx - individuals from a corresponding clinical group; GPC - Controls from general population; VCC - controls combat veterans.
Bold indicates effects significant at p = 0.05 level.

@ Severity of OCD was measured by YBOCS (N = 27), severity of HD was measured by SIR (N = 15), and severity of PTSD was measured by CAPS.

> Extreme outliers with inverse temperature greater than 3 SD above the subsample means; excluded from analyses that involved inverse temperature parameter.
¢ Extreme outliers were excluded.

Table 4
Anhedonia and symptom severity.
Dependent variable OCD, N = 27 HD, N =15 PTSD, N = 27
B SE t P B SE t p B SE t )
YBOCS SIR Emotional numbing (CAPS, C2)
Intercept 23.11 1.28 18.03 < 0.001 48.15 4.54 10.61 < 0.001 12.16 2.43 5.00 < 0.001
Anhedonia 1.84 0.67 2.74 0.01 2.47 1.57 1.57 0.14 1.20 0.55 217 0.04
R? 0.2 0.1 0.39
Intercept 23.83 1.55 15.39 < 0.001 46.08 5.14 8.96 < 0.001 13.33 3.55 3.75 0.00
Anhedonia 213 0.76 2.80 0.01 0.78 2.49 0.31 0.76 1.55 0.96 1.62 0.12
General Depression -0.12 0.15 —-0.84 0.41 0.60 0.68 0.88 0.39 -0.13 0.28 —0.46 0.65
R? 0.19 0.08 0.40
Likelihood ratio test
XA(1) 0.77 0.947 0.21
p-value 0.38 0.33 0.65

Note: Relations between Anhedonia and YBOCS in OCD and SIR in HD were analyzed using nonparametric regressions; relation between anhedonia and Emotional

Numbing was analyzed using heuristic regression.

participants, all PTSD, and all control participants completed the
Domain-Specific Risk-Taking (DOSPERT) Scale (Blais and Weber,
2006). This scale allows assessing both conventional risk attitudes
(defined as the reported level of risk taking) and perceived risk attitudes
(defined as the willingness to engage in a risky activity as a function of
its perceived riskiness) in five commonly encountered domains: ethical,
financial, health/safety, social, and recreational decisions (SM2). This
scale has been broadly used and validated by behavioral economics
studies, and its factor structure replicated in a wide range of settings
and populations (Blais and Weber, 2006, 2009; Highhouse et al., 2017;
Weber et al., 2002; Wu and Cheung, 2014). First, respondents rated the
likelihood that they would engage in risky activities (Risk Taking,
RiskT), and then they reported their perceptions of how risky these

206

activities actually are (Risk Perception, RiskP). We calculated total
scores on both RiskT and RiskP for each participant. In healthy in-
dividuals, risk perception and risk taking are highly negatively corre-
lated: individuals are less likely to engage in activities that they per-
ceive as more risky (Blais and Weber, 2006; Johnson et al., 2004; Weber
and Hsee, 1998). The subjective value model predicts that severity of
anhedonia correlates positively with risk aversion (i.e. negatively with
risk taking).

Behavior-Based Measures. Twenty-five OCD participants and all HD,
PTSD, and control participants completed the Risk & Ambiguity Task,
detailed in SM3 (Levy et al., 2010; Pushkarskaya et al., 2015, 2017).
Briefly, participants made a series of choices between a sure payoff and
a lottery; probabilities and magnitudes of payoffs varied systematically.
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Fig. 2. Anhedonia vs. Symptom severity, scatterplots. A. In individuals with
OCD, total Y-BOCS was normally distributed (Shapiro-Wilks p = 0.64); anhe-
donia was not normally distributed (Shapiro-Wilk p = 0.01); Y-BOCS sig-
nificantly correlated with severity of anhedonia (Spearman's p = 0.51,
p = 0.006). B. In individuals with HD, total Saving Inventory Revised (SI-R)
was normally distributed (Shapiro-Wilks p = 0.61); anhedonia was not nor-
mally distributed (Shapiro-Wilk p < 0.01); SI-R significantly correlated with
severity of anhedonia (Spearman's p = 0.56, p = 0.03). C. In individuals with
PTSD, emotional numbing subscale of CAPS (C2) was normally distributed
(Shapiro-Wilks p = 0.33); anhedonia was normally distributed (Shapiro-Wilk
p > 0.10); it significantly correlated with severity of anhedonia in individuals
with PTSD (r = 0.39, p = 0.04).

To calculate behavior-based index of risk aversion (RiskB), we com-
pared the proportion of risky choices of each participant during risky
trials under gains to that of a hypothetical risk-neutral decision maker
((Pushkarskaya et al., 2017; Pushkarskaya et al., 2015); SM1). A posi-
tive score implies risk aversion (lower proportion of risky choices); a
negative score implies risk seeking (higher proportion of risky choices).
Note that RiskB reflects risk aversion, while RiskT reflects risk taking;
thus, to the extent that these measures are tapping into the same un-
derlying construct, RiskB may negatively correlate with RiskT.

A higher proportion of risky choices may also result from higher
choice variability (Robinson and Chase, 2017), commonly modeled by
the inverse temperature parameter (v, estimated by fitting a theoretical
model to the choice data as detailed in SM4; more negative scores imply
less random choices, y = 0 implies fully random choices), as well as on
interaction between the steepness of SV and inverse temperature.
Therefore, in our planned tests of relationship between RiskB and other
variables of interest we control for y. We also calculated the average
log-transformed response time from each risky trial during gain blocks
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Table 5
Anhedonia versus Self-Report and Behavior-based measures.

A. Self-Report measures

OCD = 25, HD = 16, PTSD = 27

B SE t P

Dependent variable: Risk Perception

Intercept 22.15 1.03 21.61 < 0.001
HD 4.00 1.75 2.28 0.03
PTSD -1.70 1.72 -0.99 0.33
Anhedonia 1.46 0.34 4.35 < 0.001
Anhedonia x HD -0.97 0.61 —1.58 0.12
Anhedonia x -0.92 0.46 -1.99 0.05
PTSD
R? 0.31
Intercept 22.60 1.22 18.60 < 0.001
HD 3.81 1.78 2.14 0.04
PTSD —-2.15 1.85 -1.16 0.25
Anhedonia 1.69 0.47 3.60 < 0.001
Anhedonia x HD —0.94 0.61 —1.54 0.13
Anhedonia x -1.06 0.50 -2.10 0.04
PTSD
General —0.08 0.12 —0.70 0.49
Depression
R? 0.31
Likelihood ratio test
X1 0.53
P 0.47
Dependent variable: Risk Taking
Intercept 13.82 1.24 11.16 < 0.001
HD 0.05 2.12 0.03 0.98
PTSD 6.13 2.08 2.95 0.001
Anhedonia 0.76 0.41 1.86 0.07
Anhedonia x HD -1.41 0.74 -1.91 0.06
Anhedonia x -0.83 0.55 -1.50 0.14
PTSD
R? 0.25
Intercept 13.32 1.47 9.07 < 0.001
HD 0.27 2.15 0.12 0.90
PTSD 6.63 2.23 2.97 0.001
Anhedonia 0.51 0.57 0.89 0.37
Anhedonia x HD -1.43 0.74 -1.93 0.06
Anhedonia x -0.67 0.61 -1.11 0.27
PTSD
General 0.09 0.15 0.64 0.53
Depression
R® 0.24
Likelihood ratio test
X1 0.45
P 0.50
B. Behavior-based measures
OCD = 24, HD = 17, PTSD = 27
B SE t P
Dependent variable: Risk Aversion
Intercept 0.11 0.05 2.34 0.02
HD —0.04 0.05 -0.84 0.40
PTSD —-0.01 0.05 -0.15 0.88
Anhedonia 0.00 0.01 0.03 0.98
Anhedonia x HD —-0.01 0.03 -0.51 0.62
Anhedonia x PTSD 0.00 0.01 —-0.20 0.85
v —0.08 0.02 —4.54 < 0.001
y x Anhedonia 0.00 0.01 0.81 0.42
y x Anhedonia x HD —0.01 0.01 —0.85 0.40
v X Anhedonia x PTSD  0.00 0.00 -0.29 0.78
R? 0.57
Intercept 0.12 0.05 2.52 0.01
HD —-0.05 0.05 -0.92 0.36
PTSD —-0.03 0.06 —-0.47 0.64
Anhedonia 0.01 0.02 0.64 0.52

(continued on next page)
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Table 5 (continued)

A. Self-Report measures

OCD = 25, HD = 16, PTSD = 27

B SE t p
Anhedonia x HD -0.02 0.03 —0.68 0.50
Anhedonia x PTSD -0.01 0.02 —0.55 0.59
Y —-0.08 0.02 —4.61 < 0.001
v x Anhedonia 0.00 0.01 0.74 0.46
y x Anhedonia x HD —0.01 0.01 —-1.03 0.31
y x Anhedonia x PTSD 0.00 0.00 —-0.12 0.91
General Depression 0.00 0.00 —-0.94 0.35
R? 0.57
Likelihood ratio test
XA 1.04
p 0.31
Dependent variable: Response Time
Intercept 7.70 0.07 106.29 < 0.001
HD 0.19 0.12 1.65 0.10
PTSD 0.05 0.12 0.39 0.70
Anhedonia 0.06 0.02 2.73 0.01
Anhedonia x HD —-0.03 0.04 —0.64 0.52
Anhedonia x PTSD -0.07 0.03 —-2.30 0.02
R? 0.15
Intercept 7.75 0.08 92.32 < 0.001
HD 0.18 0.12 1.56 0.12
PTSD 0.00 0.13 —0.03 0.97
Anhedonia 0.09 0.03 2.77 0.01
Anhedonia x HD -0.03 0.04 —0.65 0.52
Anhedonia x PTSD -0.09 0.04 —-2.60 0.01
General Depression —-0.01 0.01 -1.19 0.24
R? 0.15
Likelihood ratio test
X*(1) 1.57
p 0.21

Note: Effects significant at p = 0.05 level are in bold.

for each participant (van der Linden, 2006), excluding omissions (RT,
an index of choice difficulty (Dodonov and Dodonova, 2012; Gilbert
et al., 2012). The subjective value model predicts that anhedonia se-
verity should correlate positively with response time (RT, Fig. 1B) and
behavior-based risk aversion score (RiskB, Fig. 1C).

2.4. Data analysis

All variables of interest were tested for normality using the Shapiro-
Wilk test. For between-group comparisons we employed one-way
ANOVAs for normally distributed variables and nonparametric tests
(Kruskal Wallis test or Mann-Whitney U test) for non-normally dis-
tributed variables. To examine correlations, we employed regression
analyses (nonparametric, if variables were not normally distributed).
Most statistical analyses were performed wusing SPSS v.24.
Nonparametric multivariate regressions were performed using R 3.3.3
(using the command “gam”).

3. Results
3.1. Descriptive analyses

Anhedonia (aBDI) was not normally distributed OCD (Shapiro-Wilk
p = 0.01) or HD (Shapiro-Wilk p < 0.01) subjects but was normally
distributed in PTSD (Shapiro-Wilk p > 0.10). General depression
(gBDI), DOSPERT, other clinical, and behavior-based measures were
normally distributed in all groups. Inverse temperature (y), which
measures randomness in decision-making, was normally distributed in
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all groups once 5 extreme outliers (> 3 SD from subsample means)
were removed (1 OCD, 1 HD Controls, 1 PTSD, and 2 Veteran Controls);
these participants were removed from analyses that included inverse
temperature parameter.

Anhedonia and general depression (Table 3) were similar in OCD
and HD (Mann-Whitney U: p = 0.76 and p = 0.60 respectively) but
higher in individuals with PTSD than in either OCD or HD (Kruskal
Wallis: p = 0.005 for aBDI and p < 0.001 for gBDI).

In all participants, anhedonia and general depression were posi-
tively correlated (OCD: Spearman's r = 0.41, p = 0.03; HD: Spearman's
r =0.69, p = 0.002; PTSD: r = 0.81, p < 0.001); in OCD this corre-
lation was significantly weaker than in PTSD (Fisher z = —2.42,
p = 0.008) but did not differ significantly from that in HD (Fisher
z = —1.25, p = 0.21) (Siegel, 1956). Of note, inverse temperature, vy,
did not differ significantly across groups, and correlated significantly
with neither anhedonia nor general depression (SM5).

Correlations among three measures of risk aversion (regression models
are detailed in SM6). As expected (Blais and Weber, 2006; Johnson
et al., 2004; Weber et al., 2002; Weber and Hsee, 1998), RiskP corre-
lated negatively with RiskT in all groups. As in some prior studies
(Dislich et al., 2010), self-report measures (RiskP and RiskT) did not
correlate with RiskB in general population controls, nor in OCD or HD
individuals. In PTSD and Veteran Controls, RiskB correlated positively
with the y x RiskT interaction term (y X RiskTsandartizea = 1.3,
p = 0.006). This suggests that in individuals who made choices less
randomly, self-reported risk taking negatively and more strongly cor-
related with behavior-based risk aversion.

Between-group differences in three measures of risk aversion (SM7).
RiskP was higher in OCD and HD than in matched controls (OCD:
p = 0.04, Cohen's d = 0.62; HD: p = 0.004, Cohen's d = 0.78); but
RiskT and RiskB did not differ between groups. In contrast, RiskT was
higher in PTSD than in matched controls (p = 0.01, Cohen's d = 0.68);
but RiskP and RiskB did not differ between groups.

Between-group differences in response time. RT was higher in HD than
in matched controls (p < 0.001, Cohen's d = 1.38); OCD and PTSD did
not differ in RT from matched controls.

3.2. Primary analyses: effects of anhedonia severity

Symptom severity (Table 4, Fig. 2). We evaluated effects of anhedonia
on symptom severity using stepwise regression, with symptom severity
as the dependent variable and severity of anhedonia (aBDI) and general
depression (gBDI) as independent measures.

Total Y-BOCS score correlated positively with anhedonia in OCD,
even when controlling for global depression severity (f = 2.13,
p = 0.01). A numerically similar correlation in HD between total SI-R
score and anhedonia was not statistically significant (f = 2.47,
p = 0.14), and was dramatically reduced when controlling for general
depression ( = 0.78, p = 0.76). In PTSD, the emotional numbing
subscale of the CAPS-IV correlated significantly with anhedonia
(B = 1.20, p = 0.04); however, this became non-significant when con-
trolling for general depression (f = 1.55, p = 0.12).

Risk Aversion and Task Difficulty. (Table 5, Fig. 3). To conserve sta-
tistical power, we performed regression analyses on a pooled sample of
all clinical groups with dependent (DV) RiskP, RiskT, RiskB, and RT,
and independent variables aBDI and gBDI. Since prior studies provide
stronger evidence for anhedonia effects in OCD (Abramovitch et al.,
2014), we used OCD as a reference group, testing whether effects in HD
and PTSD are different from those expected in OCD. The models for
RiskP, RiskT, and RT were:

DV ~ Constant + HD + PTSD + aBDI + aBDI x HD + aBDI x PTSD

(€]
DV ~ Constant + HD + PTSD + aBDI + aBDI x HD + aBDI x
PTSD + gBDI 2
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A. Anhedonia vs. Self-Report Measures
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B. Anhedonia vs. Behavior-Based Measures
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Fig. 3. Anhedonia vs. Self-Report and Behavior-based measures. A. Scatter plots of self-reported DOSPERT Risk Taking and DOSPERT Risk Perception versus severity
of anhedonia in OCD, HD, and PTSD (top panels). Marginal effects of anhedonia (i.e. parameter estimates from nonparametric regressions, ) on self-reported
DOSPERT Risk Taking and DOSPERT Risk Perception in OCD, HD, and PTSD (bottom panels); *** - significance at p = 0.01 level, ** - significance at p = 0.01 level, *
- significance at p = 0.10 level. B. Scatter plots of behavior-based risk aversion and response time versus severity of anhedonia in OCD, HD, and PTSD (top panels).
Marginal effects of anhedonia (i.e. parameter estimates from nonparametric regressions, ) on behavior-based risk aversion and response time in OCD, HD, and PTSD

(bottom panels); *** - significance at p = 0.01 level, ** - significance at p = 0.01 level, * - significance at p = 0.10 level.

The models for RiskB, which take into account randomness in
choice, were:

RiskB ~ Constant + HD + PTSD + aBDI + aBDI x HD + aBDI x PTSD
+ ...+ vy + yxaBDI + yxaBDI x HD + y x aBDI x PTSD 3)

RiskB ~ Constant + HD + PTSD + aBDI + aBDI x HD + aBDI x
PTSD + gBDI + ... + y + yx aBDI + y x aBDI x HD + y x aBDI x
PTSD + vy x gBDI “4)

DOSPERT risk perception. We observed a significant positive effect of
anhedonia in OCD, even when controlling for general depression
(B =1.69, p < 0.001). This correlation, when controlled for general
depression, was nominally weaker in HD (Anhedonia x HD = - 0.94,
p=0.13) and significantly weaker in PTSD (Anhedonia x
PTSD = —1.06, p = 0.04). The lack of an anhedonia effect in PTSD was
confirmed when regression analysis was performed on PTSD alone
(B =-0.06, p=0.93).

DOSPERT risk taking. No significant effect of anhedonia on RiskT
was observed in any clinical group, whether or not we controlled for
general depression.

Behavior-based risk attitude. No effect of anhedonia on RiskB was
observed in any clinical group, whether or not we controlled for general
depression. As expected, RiskB correlated negatively with inverse
temperature (y = - 0.08, p < 0.001).

Task difficulty. We observed a positive effect of anhedonia on RT in
OCD, even controlling for general depression (f = 0.09, p = 0.01). This
effect was not significantly different in HD (Anhedonia x HD = —0.03,
p = 0.52), but was weaker in PTSD (Anhedonia x PTSD = —0.09,
p = 0.01). The lack of effect of anhedonia in PTSD was confirmed when
regression was performed on PTSD alone (§ = 0.04, p = 0.20).

3.3. Secondary analyses: gender effects (Table 6, Fig. 4)

We anticipated stronger effects of anhedonia among females
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(Nawijn et al., 2015). PTSD was excluded from this analysis, as PTSD
subjects and combat-exposed controls were predominantly male. OCD/
females were a reference group. The regression model for RiskP, RiskT,
and RT was:

DV ~ Constant + aBDI + aBDI x Gender + HD + aBDIx HD + aBDI x
Gender x HD + General Depression (5)

The regression model for RiskB also included g and interaction with
y terms as in equations (3) and (4).

Gender modulated effects of anhedonia in OCD, but not in HD. In
OCD, the effect on RiskP was stronger in females (Anhedonia = 2.20,
p < 0.001; Anhedonia x Gender = —1.20, p = 0.003), but the effect
on RT was stronger in males (Anhedonia x Gender = 0.09, p = 0.02). In
HD, the effect on RiskP was significantly reduced relative to the OCD
reference group (Anhedonia x HD = —1.50, p = 0.01), becoming
nonsignificant (t(15) = 1.03, p = 0.68), and was not modulated by
gender (Anhedonia x HD x Gender = 0.91, p = 0.19). The effect of
anhedonia on RT in HD was nonsignificant in both males and females.
Effects of anhedonia on RiskT and RiskB were non-significant in all
groups.

4. Discussion

A broad literature has examined the role of anhedonia in symptoms
of affective and psychotic disorders (Anticevic et al., 2012, 2014a,
2015; Barch et al., 2017a, 2017b; Dowd et al., 2016). Other psychiatric
conditions have received significantly less attention. To address this
gap, we investigated the relationship of anhedonia with symptoms and
reward-related behavioral outcomes in individuals with OCD, HD, and
PTSD. Several results of these analyses are notable.

First, we found a relationship between anhedonia and OCD symp-
toms, even after controlling for effects of general depression. This re-
plicates and extends a previous observation (Abramovitch et al., 2014)
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Fig. 4. Gender effects. A. Marginal effects of anhedonia (i.e. parameter esti-
mates from nonparametric regressions, 3) on self-reported DOSPERT Risk
Taking and DOSPERT Risk Perception in OCD and HD, across genders (top
panels); *** - significance at p = 0.01 level. B. Marginal effects of anhedonia
(i.e. parameter estimates from nonparametric regressions, ) on behavior-based
risk aversion and response time in OCD and HD, across genders (bottom pa-
nels); *** - significance at p = 0.01 level.

in a better-characterized sample. We found no similar relationship in
HD or PTSD. Most OCD and HD participants had only minimal de-
pression, strengthening our results. A unique contribution of anhedonia
to OCD symptoms is also supported by the finding that the correlation
between severity of anhedonia and of global depression is reduced
(though still significant) in OCD relative to the other two conditions. In
PTSD, we found a relationship between anhedonia and the CAPS
emotional numbing subscale, replicating previous work (Nawijn et al.,
2015). However, this is accounted for when general depression is in-
cluded in the model, indicating a broader relationship with depression
and not a unique contribution of anhedonia. The range of both anhe-
donia and general depression in PTSD subsample was larger than in
OCD and HD, also strengthening our results.

Second, we employed the value-based decision framework to in-
vestigate links between anhedonia and reduced steepness of the SV
function; this allows deeper characterization of anhedonia's effects,
beyond correlations with symptom severity. Flatter SV predicts in-
creased risk aversion and longer decision times during value-based
choices, as does increased noisiness in valuation (reduced inverse
temperature); thus, we controlled for inverse temperature in our ana-
lyses of behavior-based indices. Inverse temperature correlated with
neither anhedonia nor general depression, thus including it in the
analyses did not lead to multicollinearity. Importantly, we also used
two self-report measures of risk attitudes: self-reported risk perception
and risk-taking propensities (measured using the DOSPERT(Blais and
Weber, 2006)). A limited literature has used the DOSPERT scale to
characterize risk-taking in clinical populations (Lorian and Grisham,
2011); this is the first time, to our knowledge, that risk perception has
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also been evaluated in these populations. Our results suggest that the-
oretically-predicted correlations between anhedonia and risk aversion
in OCD are driven by effects of anhedonia on risk perception; effects on
risk taking (both self-reported and behavior-based) were non-sig-
nificant. Also, we find a theoretically-predicted relation between an-
hedonia and response time during risky decisions in OCD and HD, even
after controlling for general depression.

Our results are consistent with prior examinations of behavior-based
indices that failed to reject the null hypothesis that MDD affects value
sensitivity (Robinson and Chase, 2017). However, they help to re-
concile prior findings that reported clear evidence for risk avoidance in
OCD using self-report measures (Tolin et al., 2003) but negative or
inconsistent results when employing behavior-based measures
(Pushkarskaya et al., 2015, 2017). Dissociation between risk perception
and risk-averse behaviors may complicate animal studies of the effects
of anhedonia in OCD, as animal risk perception cannot readily be as-
sessed. Such studies may benefit from incorporating other predictions
of the subjective value model, such as effects of anhedonia on task
difficulty, as measured by response time.

Our results indicate that anhedonia effects (on symptom severity,
risk attitudes, and response time) are not uniform across disorders. The
fact that we see the predicted effects in OCD suggests that formalizing
anhedonia as reduced curvature of the value function captures aspects
of anhedonia that may uniquely contribute to OCD, independent of
general depression. Some prior studies argued that in MDD anhedonia
may be better operationalized as the degree of choice randomness
(Robinson and Chase, 2017). Neither anhedonia nor general depression
significantly correlated with inverse temperature in OCD, HD, or PTSD.
Operationalizing anhedonia as reduced curvature of the value function
may reflect only one aspect of the heterogeneity of the concept as it is
measured and used clinically; how anhedonia may best be parsed into
sub-constructs is not yet clear (Argyropoulos and Nutt, 2013; Treadway
and Zald, 2011).

Previous work suggests that anhedonia effects may be modulated by
gender (Nawijn et al., 2015); exploratory analyses of our data un-
covered such an effect in OCD. Anhedonia was more related to risk
perception among females and to task difficulty (as indexed by response
time) among males. This reinforces the importance of equal re-
presentation of both genders in clinical samples.

This work has several limitations to be addressed in future studies.
First, we looked across only three DSM diagnoses; it will be valuable to
examine these measures in a broader population of dimensionally as-
sessed patients. Second, the HD group was smaller than the other two
groups, and our PTSD subjects were predominantly male, limiting some
conclusions. Third, several different depression-related processes may
account for slower reaction time in anhedonic individuals, such as
slower processing. Even though we controlled for effects of general
depression, which are non-significant, future studies may examine
whether including more targeted measures of psychomotor slowing
would change our findings. Fourth, we did not incorporate direct
measures of brain function in the current study. Structural and func-
tional alterations within the brain's reward circuitry are associated with
impaired reward processing, across psychopathologies (Russo and
Nestler, 2013). It will be important to investigate these effects of an-
hedonia, both in OCD and across traditional diagnoses. Finally, clinical
anhedonia is a complex construct and may be dissociable into different
underlying components; as optimal means to dissociate and measure
such components becomes clearer, it will be important to investigate
them independently and cross-diagnostically.

Our results, together with previous data (Abramovitch et al., 2014),
suggest a unique contribution of one aspect of anhedonia, blunted re-
ward sensitivity, in obsessive-compulsive disorder. This matches neu-
roimaging evidence suggesting abnormalities in the reward-related
ventral striatal-mPFC circuitry (Anticevic et al., 2014b; Harrison et al.,
2009, 2013), and previous behavioral data revealing imprecision in
reward-related decision making in this population (Pushkarskaya et al.,
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Table 6
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Modulating effect of gender on relations between anhedonia and measures of risk attitudes.

A. Self-Report measures

OCD = 25, HD = 16, PTSD = 27

Risk Perception

Risk Taking

B SE t P B SE t P
Intercept 22.34 0.87 25.81 < 0.001 13.01 1.56 8.33 < 0.001
Anhedonia 2.20 0.37 5.89 < 0.001 1.22 0.67 1.82 0.08
Anhedonia x Gender -1.20 0.38 -3.17 0.003 —-1.63 0.69 —2.38 0.02
HD 3.87 1.26 3.08 0.004 0.39 2.27 0.17 0.86
Anhedonia x HD -1.50 0.52 -2.90 0.01 -2.30 0.93 —2.47 0.02
Anhedonia x Gender x HD 0.91 0.68 1.33 0.19 1.58 1.23 1.28 0.21
General Depression —-0.03 0.09 -0.39 0.70 0.15 0.16 0.94 0.35
R%-adjusted 0.55 0.14
n 42 42
Likelihood ratio test
X?(6) 40.35 12.96
p-value < 0.001 0.04
B. Behavior-based measures
OCD = 24, HD = 17, PTSD = 27

Risk Aversion Response Time

B SE t p B SE t p
Intercept 0.26 0.05 5.51 < 0.001 7.76 0.08 92.79 < 0.001
Anhedonia —0.03 0.02 —1.34 0.19 0.05 0.04 1.40 0.17
Anhedonia x Gender —-0.01 0.02 -0.35 0.73 0.09 0.04 2.54 0.02
HD —0.02 0.07 -0.36 0.72 0.18 0.11 1.57 0.13
Anhedonia x HD —0.01 0.03 —0.28 0.78 0.02 0.05 0.45 0.66
Anhedonia x Gender x HD 0.04 0.04 1.20 0.24 —-0.09 0.07 —-1.41 0.17
v —0.05 0.03 -1.74 0.09 - - - -
v x Anhedonia 0.00 0.01 -0.19 0.85 - - - -
y x Anhedonia x Gender —0.02 0.01 —-1.23 0.23 - - - -
vy x HD 0.00 0.06 0.04 0.97 - - - -
v x Anhedonia x HD —0.02 0.03 —0.48 0.64 - - - -
y x Anhedonia x Gender x HD —0.02 0.09 -0.27 0.79 - - - -
General Depression 0.00 0.00 0.83 0.41 —-0.01 0.01 —1.53 0.14
R%-adjusted 0.43 0.24
n 43 43
Likelihood ratio test
x> 38.67 18.41
df 12 6
p-value < 0.001 0.01

Bold indicates effects significant at p = 0.05 level.
2015, 2017). A focus on reward representation and clinical anhedonia References

may represent an important new perspective on OCD phenomenology
and pathophysiology.
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