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Abstract

Difficulties in decision making are a core impairment in a range of disease states. For instance, 

both obsessive-compulsive disorder (OCD) and hoarding disorder (HD) are associated with 

indecisiveness, inefficient planning, and enhanced uncertainty intolerance, even in contexts 

unrelated to their core symptomology. We examined decision-making patterns in 19 individuals 

with OCD, 19 individuals with HD, 19 individuals with comorbid OCD and HD, and 57 

individuals from the general population, using a well-validated choice task grounded in behavioral 

economic theory. Our results suggest that difficulties in decision making in individuals with OCD 

(with or without comorbid HD) are linked to reduced fidelity of value-based decision making (i.e. 

increase in inconsistent choices). In contrast, we find that performance of individuals with HD on 

our laboratory task is largely intact. Overall, these results support our hypothesis that decision-

making impairments in OCD and HD, which can appear quite similar clinically, have importantly 

different underpinnings. Systematic investigation of different aspects of decision making, under 

varying conditions, may shed new light on commonalities between and distinctions among clinical 

syndromes.

1. Introduction

Individuals with obsessive compulsive disorder (OCD) and hoarding disorder (HD) often 

report difficulties with decision making, such as indecisiveness, pathological doubt, 

increased deliberation times, and general avoidance of decisions (Frost and Shows, 1993; 
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Hunink et al., 2014). OCD and HD together impact over 5% of the population, causing great 

suffering and substantial economic burden (Koran et al., 1996; Tolin et al., 2008; Timpano et 

al., 2011; Pittenger, 2017). Those with primary hoarding symptoms were formerly 

diagnosed with OCD. However, recently, primary hoarding symptoms have led to 

development of HD as a distinct clinical diagnosis (Black and Grant, 2014). Pathological 

indecisiveness, doubt, and intolerance of uncertainty are often prominent sources of 

disability in individuals with OCD or HD (Reed, 1985,1985; Rasmussen and Eisen, 1992; 

Tolin et al., 2003; Taillefer et al., 2016). We employ the Risk & Ambiguity task (Levy et al., 

2010), a behavioral task grounded in economic theory, to investigate value-based decision 

making under uncertainty in individuals with OCD and HD. Specifically, we examine 

whether the clinically similar abnormalities in decision making seen in OCD and HD relate 

to similar or to distinct basic sub-processes of decision formation (Rangel et al., 2008).

Converging empirical evidence suggest differences in decision formation during value-based 

decision making and perceptual decision making (Summerfield and Tsetsos, 2012; Polanía 

et al., 2014; Dutilh and Rieskamp, 2016). Perceptual decision making entails accumulation 

of sensory information towards a categorical choice between alternatives (e.g., a melon is 

bigger than an apple). In studies employing a range of behavioral paradigms, those with 

OCD tend to act more cautiously during perceptual decision making than healthy individuals 

(Beads Task: Fear and Healy, 1997; Pélissier and O’Connor, 2002, Random Dot Motion 

task: Banca et al., 2015; but also note negative results by Jacobsen et al. (2012) and 

Chamberlain et al. (2007). In contrast, value-based decisions depend on subjective goals 

(e.g., I like melons more than apples) and are assumed to follow several simple and intuitive 

rules (Rangel et al., 2008). Decision-makers aim to maximize some subjective measure of 

expected value across available options, choose one option over another if clearly more 

valuable, and be largely consistent choices unless the available alternatives are close in 

subjective value (Neumann and Morgenstern, 1944). Studies of value-based making have 

also employed a variety of behavioral tasks, but have produced less consistent results. For 

instance, using the Iowa Gambling task (Bechara et al., 1994), some studies found that 

individuals with OCD perform worse than controls (Da Rocha et al., 2011; Zhang et al., 

2015) while others studies found no between-group differences (Nielen et al., 2002; 

Lawrence et al., 2006). On the Cambridge Gambling Task (Manes et al., 2002), Dittrich and 

Johansen (2013) found that individuals with OCD are less likely to choose an objectively 

more valuable option and take longer to decide, but Chamberlain et al. (2007) found no 

between-group differences. On the Game of Dice task, some studies (Brand et al., 2002; 

Admon et al., 2012) found that individuals with OCD are more risk averse than healthy 

individuals, while others (Zhang et al., 2015) found no difference These inconsistent 

findings may be attributed to OCD group size and composition, effects of medication, or 

lack of control for effects of anxiety, depression, and other comorbidities (Kuelz et al., 

2004).

In light of largely conflicting evidence, the replication studies that carefully control for 

potential confounds are critically important. Note, however, that the Cambridge Gambling 

Task, the Game of Dice task, and the Iowa Gambling task all provide feedback and thus 

allow participants to learn. Thus, it is not clear whether impaired performance on these tasks 

should be attributed to value-based choice, feedback evaluation, strategy update, or ability to 
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learn about the decision context. This limits the construct validity of these tasks (Buelow and 

Suhr, 2009). To characterize abnormal decision-making performance in clinical populations, 

it is vital to use tasks that avoid such confounds (as in Pushkarskaya et al., 2015, Sip et al., 

2016, Aranovich et al., 2017).

In our recent work (Pushkarskaya et al., 2015), we employed the Risk and Ambiguity Task 

(Levy et al., 2010) to investigate value-based decision making in OCD. We found that 

individuals with OCD were more likely to make “noisy”, inconsistent choices than 

participants from the general population, suggesting impairments in basic value-based 

computations in OCD. Our study found no group differences in how they valued uncertain 

options whose outcome probabilities were known (risk) but that those with OCD were more 

likely than controls to avoid uncertain options whose outcome probabilities were imprecisely 

specified (ambiguity), perhaps reflecting the intolerance of uncertainty commonly reported 

in OCD.

The aim of the present study was to replicate and extend these previous findings 

(Pushkarskaya et al., 2015) in a larger sample of unmedicated individuals with OCD, HD, 

and comorbid OCD and HD (n = 19 in each clinical group), compared with 57 individuals 

from the general population. Given similarities in clinically observed difficulties in decision 

making in OCD and HD, we expected to find impaired basic value-based computations and 

higher levels of uncertainty avoidance in HD. Our alternative hypothesis was that OCD and 

HD are associated with distinct impairments in basic sub-processes of value-based decision 

formation, despite similarities in clinically observed difficulties in decision making.

2. Methods

2.1. Participants

All procedures were approved by the Yale University Human Investigation Committee and 

the Hartford Hospital Institutional Review Board. All participants provided written informed 

consent, completed a demographic questionnaire (Supplementary materials S.1), and were 

assessed using the Kaufman Brief Intelligence Test (Kaufman, 1979).

Fifty-seven patients, unmedicated for at least 8 weeks, were recruited through the Yale OCD 

Research Clinic and the Anxiety Disorders Center at the Institute of Living, Hartford 

Hospital. Nineteen patients had OCD but not HD symptoms, 19 had HD but not OCD, and 

19 had both OCD and HD. Of these, 10 individuals with OCD and 10 individuals with 

comorbid OCD and HD participated in our prior study (Pushkarskaya et al., 2015). 

Diagnoses were established by doctoral-level clinicians and confirmed using the Structural 

Clinical Interview for DSM-IV Disorders (SCID-IV; First et al., 2012) or a structured 

diagnostic interview for DSM-5 anxiety, mood, and obsessive-compulsive and related 

disorders (DIAMOND; Tolin et al., 2016).

The three clinical groups did not differ significantly in terms of gender, IQ, income, or 

education (Table 1). However, they differed significantly on age (p < 0.001), with the HD 

group significantly older than the OCD group.
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Severity of OCD was assessed by clinicians using the Yale-Brown Obsessive-Compulsive 

Scale (Goodman et al., 1989a, Goodman et al., 1989b). Assessment included a question 

about the degree of indecisiveness, from 0 = “None” to 4 = “Extreme”. Severity of hoarding 

symptoms was assessed using the Saving Inventory – Revised (SI-R; Frost et al., 2004). 

Since patients were recruited over 3 years at two different sites, data are not available for all 

patients on this scale. Severity of depression symptoms was assessed using the Hamilton 

Depression–17 scale (HAM-D17; Hamilton, 1960). Severity of anxiety was assessed using 

the Hamilton Anxiety scale (HAM-A; Hamilton, 1959).

Fifty-seven participants from the general population (Controls) were recruited in the New 

Haven, CT area using flyers. Controls did not self-identify as having a psychiatric illness but 

were not formally assessed using clinical measures and therefore represent the general 

population; comparison to such a group of individuals is more conservative than comparison 

to diagnosis-free healthy controls. Three subgroups of controls (N = 19 each) matched our 

clinical samples on age, gender, IQ, income, and education (Table 1).

2.2. Task

The Risk and Ambiguity Task (R & A; Levy et al., 2010) was developed to study value-

based choices under uncertainty (Supplementary materials S.2). Briefly, participants made 

320 sequential choices between certain and uncertain gains (presented on a computer screen) 

by pressing a corresponding button, without feedback but under time constraint (10 s); 160 

of these choices were between certain and uncertain gains, and 160 of these choices were 

between certain and uncertain losses. Choices were grouped into 4 Gain blocks and 4 Loss 

blocks. Each trial entailed a choice between a certain payoff of $5 or −$5 and a gamble that 

offered some chance of a positive outcome (between $5 and $125) or negative outcome 

(between −$5 and −$125), and some chance of a zero outcome. On risky trials, the lottery 

payoff and outcome probability were known (Fig. 1A). On ambiguous trials, the potential 

payoff was known, but the outcome probability was imprecisely specified (Fig. 1B & C).

At the beginning of the experiment, participants received a $125 endowment; at the end of 

the experiment, one trial was chosen randomly and played for real money. Additional 

winnings or losses were added to or subtracted from the initial endowment to determine 

compensation for participating. Before beginning, participants answered a series of 

questions designed to assess how well they understood the task (Supplementary materials S.

2.3) and had a chance to practice the task for no payment. Only after participants answered 

all questions and felt comfortable with the task did they proceed to the experiment.

2.3. Data analysis

Most statistical analyses were performed using SPSS v.21. Nonparametric ANOVAs were 

performed using R 3.3.1 (command “t2way”). All variables were tested for normality using 

the Shapiro-Wilk test. The primary analyses were of the pooled sample of 57 patients and 

the pooled sample of 57 controls, using a 2 × 2 ANOVA for normally distributed variables 

and a 2 × 2 nonparametric ANOVA for variables that were not normally distributed; the 

between factors were presence of clinically significant OCD and HD symptoms. Recall that 

OCD and HD differed significantly in age, which could potentially affect the results of the 
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ANOVA-based analyses. Including age as a covariate in ANOVA-based analyses may also 

bias the results (Miller and Chapman, 2001,2001; Field, 2013). Thus, we also conducted 

secondary analyses that contrasted behaviors of each clinical group, individually, with those 

of the age-matched subgroup of 19 Controls: 1-way ANOVA for normally distributed 

variables, and Mann-Whitney U test for variables that were not normally distributed. 

Behavior under gains and under losses was analyzed separately.

2.3.1. Response time—For each participant we calculated the average of log-transformed 

response time (van der Linden, 2006), separately for risky and for ambiguous trials and gain 

and loss blocks, excluding omissions. We also calculated how often participants failed to 

make a choice within the allotted 10 s.

2.3.2. Choice-based measures of interest—As in our previous work (Pushkarskaya et 

al., 2015), we calculated five measures that describe behavior in the R & A task: three 

measures of fidelity of value-based decision making and two measures of uncertainty 

attitudes, using data from gain blocks and loss blocks separately. These are described in 

detail in the Supplementary materials (S.3).

Briefly, the three measures of fidelity of value-based decision making were:

• The choice of an uncertain $5 payoff in preference to a certain $5 payoff, or of a 

certain −$5 in preference to an uncertain −$5; such choices are always contrary 

to value-guided decision making.

• Inconsistency when the same choice was repeatedly presented (SM S.4). Higher 

scores on this measure are indicative of greater inconsistency in choices.

• The goodness of fit of the behavioral data to a quantitative model (Gilboa and 

Schmeidler, 1989), measured as R2; higher R2 values imply greater fidelity to a 

value-based decision-making framework.

Two measures of uncertainty attitudes were risk aversion and ambiguity aversion. A risky 

decision is one in which the outcome is uncertain, but the probabilities of the various 

possible outcomes are known. An ambiguous decision is one in which the outcome 

probabilities are themselves uncertain. Attitudes towards these two aspects of uncertainty 

have proven to be dissociable in previous studies (Camerer and Weber, 1992; Levy et al., 

2010; Tymula et al., 2012, Tymula et al., 2013). A positive score on these measures implies 

risk (or ambiguity) aversion; a negative score implies risk (or ambiguity) seeking.

3. Results

3.1. Clinical symptoms

OCD and HD symptom severity correlates with self-reported indecisiveness.

Consistent with clinical diagnoses, individuals with OCD scored higher on OCD symptom 

severity scales (YBOCS: F(1,54) = 73.4, p < 0.001; OCI-R: F(1,32) = 13.8, p = 0.001; 

DOCs: F(1,42) = 31.7, p < 0.001), while individuals with HD scored higher on HD symptom 

severity scales (SI-R: F(1,31) = 32.7, p < 0.001). Severity of OCD symptoms did not differ 
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between the OCD and OCD/HD groups (YBOCS: F(1,35) = 0.002, p = 0.96, OCI-R: F(1,16) 

= 1.1, p = 0.31; DOCs: F(1,26) = 0.05, p = 0.83); severity of HD symptoms did not differ 

between OCD/HD and HD groups (SI-R: F(1,22) = 2.6, p = 0.12) (Table 2). Individuals with 

OCD (with and without comorbid HD) scored higher on severity of both depression (Ham-

D17: F(1,48) = 4.9, p = 0.03) and anxiety (Ham-A: F(1,46) = 4.9, p = 0.03) than did 

individuals with HD. An additional exploratory analysis conducted on a subsample of 

clinical participants revealed that severity of self-reported indecisiveness (a single question 

“Do you have trouble making decisions about little things that other people might not think 

twice about? Rated on the scale from 0 = ”None” to 4 = ”Extreme, unable to make any 

decisions”) correlated positively with severity of OCD (Y-BOCS: N = 39, Spearman’s r = 

0.36, p = 0.02) and, at trend level, with severity of HD (SI-R: N = 18, Spearman’s r = 0.41, p 
= 0.09). This is consistent with the repeatedly reported association of both OCD and HD 

with self-reported difficulties in decision making (Frost and Shows, 1993,1993; Hunink et 

al., 2014,2014; Taillefer et al., 2016) and with previous findings showing that OCD and HD 

are clinically characterized by intolerance of uncertainty (Tolin et al., 2003; Mathes et al., 

2017).

3.2. Replication of prior findings

We replicated previously observed negative effect of OCD diagnosis on fidelity of value-
based decision-making under gains (Pushkarskaya et al., 2015)

20 individuals with OCD included in the current analysis, 10 with and 10 without comorbid 

HD symptoms, participated in our prior study (Pushkarskaya et al., 2015), which found 

unaffected risk aversion, enhanced ambiguity aversion, and diminished fidelity of value-

based decision making in individuals with OCD. In the current study, 18 new individuals 

with OCD, 9 with and 9 without comorbid HD, performed the R & A task; we tested 

whether the results of our prior study replicated in this independent sample, as well as in the 

pooled sample of 38 participants (Table 3, Supplementary materials S.4). Medium to large 

effects of OCD diagnosis were seen on two measures of fidelity of value-based decision 

making, inconsistent choices and model fit, in both the independent and the pooled sample 

(Table 3). The effect of OCD diagnosis on the third measure of decision fidelity, the 

frequency of clearly suboptimal choices, remained small to medium in both new and pooled 

samples.

Effects on uncertainty measures were smaller and more variable. The effect of OCD on 

ambiguity aversion fell from medium to small and was not significant in the independent 

sample, but remained significant in a pooled sample (F(1,74) = 4.05, p = 0.05, Cohen’s d = 

0.45). The effect of OCD on risk aversion remained small and nonsignificant in both 

independent and pooled samples. This suggests that the relationship between ambiguity 

aversion and OCD may be linked to only some of the subtypes of OCD and thus its 

detection may depend on the test group composition. Reduced fidelity of value-based 

decision making in OCD, on the other hand, appears to be robust across OCD samples.
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3.3. Response time

Individuals with OCD (with and without comorbid HD) but not individuals with HD took 

longer to make choices than nonclinical controls under both gains and losses.

If a response is not submitted within 10 s it is treated as missed; across all participants and 

conditions, < 1.5% of responses were missed (see Supplementary Materials S.5 for a 

detailed analyses of missed responses). Excluding missed responses, mean log-transformed 

response times (ln RT) were normally distributed under both risk and ambiguity in both gain 

and loss blocks in all clinical groups and in Controls. A 2 × 2 repeated measures ANCOVA 

(between subjects factors: presence or absence of clinical OCD/HD symptoms; repeated 

measures: risk and ambiguity conditions) revealed significant interaction between the 

presence of OCD and HD symptoms on ln RT in both gain (F(1,110) = 6.01, p = 0.016) and 

loss blocks (F(1,110) = 3.87, p = 0.05). Post hoc contrasts revealed that this interaction was 

driven by faster responses of Controls during both gain blocks (risk: t(113) = −2.24, p = 

0.02, ambiguity: t (113) = −2.03, p = 0.04) and loss blocks (risk: t (113) = −3.36, p = 0.001, 

ambiguity: t (113) = −2.87, p = 0.005; Fig. 2A, Table 4). The three clinical groups did not 

differ significantly from one another in response time during both gain blocks (Fig. 2A, 

Table 4). Recall, however, that individuals with HD were older than individuals with OCD, 

which could influence these results.

Secondary pairwise comparisons (see Fig. 2BC, Table 4) revealed the tendency to make 

choices more slowly, during both gain and loss blocks, in individuals with OCD (gains: 

F(1,36) = 4.67, p = 0.037, Cohen’s d = 0.64; losses: F(1,36) = 3.69, p = 0.06, Cohen’s d = 

0.60) and individuals with comorbid OCD and HD (gains: F(1,36) = 5.69, p = 0.022, 

Cohen’s d = 0.73; losses: F(1,36) = 10.99, p = 0.002, Cohen’s d = 0.94), but not in 

individuals with HD, as compared to age-matched controls. This result was unexpected, 

given consistent reports that individuals with HD tend to make decisions more slowly 

(Grisham et al., 2007, 2010; Saxena, 2007).

3.4. Fidelity to subjective value maximization

Fidelity to subjective value maximization was reduced in individuals with OCD (with and 

without comorbid HD) under gains but not under losses; it was unaffected in individuals 

with HD.

3.4.1. Inconsistent choices—Proportion of inconsistent choices was normally 

distributed in all clinical groups and controls during gain blocks (Shapiro-Wilk, p > 0.10), 

but not during loss blocks (Shapiro-Wilk, p = 0.02 for controls). During gain blocks, 2 × 2 

ANOVA revealed a significant main effect of OCD on choice inconsistency (F(1,110) = 

4.104, p = 0.045, Cohen’s d = 0.37; Fig. 3A). During loss blocks, nonparametric 2 × 2 

ANOVA (presence or absence of clinical OCD/HD symptoms) revealed no significant main 

or interaction effects.

Secondary pairwise comparisons (see Fig. 3BC, Table 5) confirmed a medium to large effect 

of OCD on frequency of inconsistent choices during gain blocks: in our sample, they were 

significantly more common among individuals with OCD (F(1,36) = 5.08, p = 0.03, Cohen’s 
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d = 0.69) and at a trend level were more common among individuals with comorbid OCD 

and HD (F(1,36) = 3.02, p = 0.09, Cohen’s d = 0.55). No difference was observed in 

proportion of inconsistent choices between individuals with HD and matched on age 

controls. During loss blocks, the medium to large effect of OCD on frequency of 

inconsistent choices was significant only in individuals with OCD and comorbid HD 

(F(1,36) = 4.31, p = 0.045, Cohen’s d = 0.64), but not in individuals with OCD. No 

difference was observed in proportion of inconsistent choices between individuals with HD 

and matched on age controls.

3.4.2. Value-based model fit, R2—We fit the choice data of each individual participant 

with a theoretical model of subjective expected value (Gilboa and Schmeidler, 1989), and 

calculated model fit (R2) for each participant (see Methods and Supplementary materials S.

3.3, Pushkarskaya et al., 2015). R2 was normally distributed during both gain and loss 

blocks in all clinical groups and controls (Shapiro-Wilk p > 0.10). 2×2 ANOVA (presence or 

absence of clinical OCD/HD symptoms) revealed a significant main effect of OCD on model 

fit both during gain (F(1,110) = 5.58, p = 0.019, Cohen’s d = 0.39) and loss blocks (F(1,110) 

= 4.62, p = 0.034, Cohen’s d = 0.46; Fig. 4A).

Secondary pairwise comparisons (see Fig. 4BC, Table 5) confirmed a significant effect of 

OCD on model fit in individuals with OCD (Mann Whitney U = 97.5, p = 0.016, effect size 

= 0.39) and in individuals with OCD and comorbid HD (F(1,110) = 5.96, p = 0.02, Cohen’s 

d = 0.76) during gain blocks. During loss blocks, the effect of OCD on value-based model fit 

in our sample was significant in individuals with OCD and comorbid HD (F(1,110) = 3.99, p 
= 0.05, Cohen’s d = 0.63), but not in individuals with OCD. No difference was observed in 

value-based model fit between individuals with HD and age-matched controls.

3.4.3. Suboptimal choices—The proportion of clearly suboptimal choices was not 

normally distributed during either gain or loss blocks (Shapiro-Wilk p < 0.01). 

Nonparametric 2 × 2 ANOVA (presence or absence of clinical OCD/HD symptoms) 

revealed no significant main or interactive effects (Supplementary Materials S.6.A). 

Secondary pairwise comparisons (Supplementary Materials S.6.BC) revealed a tendency to 

make clearly suboptimal choices only in individuals with OCD and comorbid HD, compared 

to age-matched controls, only under gains (gains: Mann Whitney U = 101.5, p = 0.02; 

losses: Mann Whitney U = 169, p = 0.75).

Overall, diminished fidelity of value-based decision making in OCD appeared to be more 

pronounced under gains than under losses (but see discussion of potential limitations of the 

experimental design in Supplementary Materials S.7). Unexpectedly, fidelity of value-based 

decision making appeared to be intact in HD.

3.5. Uncertainty attitudes

Uncertainty avoidance was enhanced in individuals with OCD without comorbid HD under 

gains but not under losses. Uncertainty attitudes in individuals with HD (with and without 

comorbid OCD) were intact.
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Distributions of risk aversion violated an assumption of normality in all clinical groups 

(Shapiro-Wilk p < 0.05); distributions of ambiguity aversion violated an assumption of 

normality in individuals with OCD and individuals with HD (Shapiro-Wilk p < 0.05). 

Nonparametric 2 × 2 ANOVA (presence or absence of clinical OCD/HD symptoms) 

revealed neither significant main nor significant interaction effects (Fig. 5A).

Secondary pairwise comparisons (Fig. 5B–C) revealed significantly enhanced risk aversion 

(Mann Whitney U = 93, p = 0.01, Mann Whitney U effect size = 0.41) and a trend towards 

enhanced ambiguity aversion (Mann Whitney U = 121, p = 0.08, Mann Whitney U effect 

size = 0.28) in individuals with OCD during gain blocks. No other significant effects were 

found (Supplementary materials S.8, Fig. 5BC). This may indicate that the relationship 

between ambiguity aversion and OCD is linked to only some of the subtypes of OCD and 

thus its detection may depend on the test group composition. The lack of risk and ambiguity 

intolerance in HD was unexpected.

3.6. Correlation with symptom severity

OCD severity correlated with measures of reduced fidelity of value-based under gains but 

not under losses.

To explore the effect of OCD diagnosis on fidelity of value-based choices further, we 

correlated the proportion of inconsistent choices and the value-based model fit, R2, with 

severity of OCD symptoms (total Y-BOCS score; we excluded 16 individuals with HD with 

YBOCS = 0 from this analysis to offset a potential binary effect of OCD diagnosis). During 

gain blocks, severity of OCD correlated with both the proportion of inconsistent choices (r = 

0.37, p = 0.017, N = 40) and the value-based model fit, R2 (r = −0.35, p = 0.028, N = 40); 

we did not find similar relations during loss blocks (inconsistent choices: r = 0.11, p = 0.50; 

R2: r = −0.17, p = 0.31; N = 40).

For completeness, we also correlated the proportion of inconsistent choices and the value-

based model fit, R2, with severity of HD symptoms (total SI-R score). Model fit, R2, 

correlated at trend level with severity of HD symptoms during gain blocks (N = 33, r = 0.31, 

p = 0.07), but not during loss blocks (N = 33, r = 0.11, p = 0.53). Inconsistency of choices 

did not correlate with severity of HD during either gain blocks (r = −0.17, p = 0.34) or loss 

blocks (r = −0.09, r = 0.61).

Severity of anxiety and depression did not correlate significantly with any of the behavioral 

measures (Supplementary Materials S.9).

4. Discussion

We examined the behavior of unmedicated individuals with OCD, comorbid OCD and HD, 

and HD and control participants using a decision task that tests several sub processes of 

value-based decision formation (valuation and value-based choice) in the presence of 

uncertainty, under gains and losses separately. In a larger sample we replicate our prior 

findings (Pushkarskaya et al., 2015) that when making choices between gains, OCD (with 

and without comorbid HD) were less compliant with the assumptions of subjective value 
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maximization than Controls; we did not observe the same effect under losses. OCD severity 

correlated with measures of reduced fidelity of value-based under gains but not under losses. 

We found evidence of enhanced uncertainty avoidance only in individuals with OCD 

(without comorbid HD), under gains but not under losses. We also found that individuals 

with OCD (with and without comorbid HD) take more time to make choices both under 

gains and under losses. Unexpectedly, we found that choices of individuals with HD did not 

differ from those of age-matched Controls.

Our results indicate that value-based decision making is impaired in individuals with OCD 

(with and without HD). These individuals make choices more slowly and are less likely to 

follow simple and intuitive rules of value-based decision making. Under gains, this tendency 

correlated with OCD symptom severity. This suggests that clinically observed difficulties 

with decision making are linked to impairments in basic sub-processes of value-based 

decision formation. This result is consistent with prior findings by Dittrich and Johansen 

(2013), who found that individuals with OCD take more time and are less likely to choose 

objectively more valuable options during the Cambridge Gambling Task. Recall, however, 

that the Cambridge Gambling Task provides feedback to the participants, which complicates 

interpretation of their results.

In contrast, value-based decision making during a simple laboratory task appears to be intact 

in individuals with HD. Indeed, we observe positive correlation between HD severity and 

value-based model fit, at trend level. This suggests that, despite their clinical similarity, 

difficulties in decision making in OCD and HD relate to impairments in distinct sub-

processes. Individuals with HD may have difficulties processing information in complex real 

word scenarios but be able to cope with the demands of a simple laboratory task. This is 

consistent with a number of studies reporting very limited evidence of decision making 

impairments in HD in a variety of other laboratory tasks (Grisham et al., 2010; Frost et al., 

2011; Morein-Zamir et al., 2014; Mackin et al., 2015; Sumner et al., 2015).

While the link between OCD and measures of fidelity of value-based decision making 

appears to be robust, the relationship of OCD to intolerance of uncertainty is less so, and 

may depend on the test group composition (Kuelz et al., 2004). This is consistent with mixed 

results reported by prior studies of uncertainty intolerance in OCD that used various 

paradigms, including those that allow feedback evaluation and learning (Nielen et al., 2002; 

Lawrence et al., 2006; Da Rocha et al., 2011; Admon et al., 2012; Zhang et al., 2015). For 

instance, Sohn et al. (2014) utilized the Balloon Analogue Risk Task and found lower levels 

of risk taking in OCD relative to healthy individuals. Several studies have found enhanced 

ambiguity but not risk aversion in OCD (Starcke et al., 2010; Pushkarskaya et al., 2015; 

Zhang et al., 2015). Sip et al. (2016), using a gambling task without feedback, under 

different framing (gains versus losses) found that individuals with OCD are more risk averse 

when facing losses that are framed as gains, compared to explicit losses. A recent study 

decomposes risk attitudes into sensitivity to rewards and sensitivity to probabilities 

(Aranovich et al., 2017). They found reduced sensitivity to rewards in both OCD and HD, 

and explained it as enhanced risk aversion in these clinical populations. This is in contrast to 

our findings that uncertainty intolerance was unaffected in individuals with HD.

Pushkarskaya et al. Page 10

Psychiatry Res. Author manuscript; available in PMC 2017 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The findings of Aranovich et al. (2017) are particularly important given recent controversy 

about interpretation of the curvature of the utility function in the behavioral economics 

literature. While most studies interpret this parameter as a measure of risk aversion (Gilboa 

and Schmeidler, 1989), Rabin (2000) has demonstrated that diminishing sensitivity to 

rewards and risk aversion are largely independent concepts. We have suggested that reduced 

sensitivity to rewards in individuals with OCD may be consistent with reduced fidelity in 

value-based decision making that we observe in this population (see Pushkarskaya et al., 

2015 for this discussion).

Our results suggest that the effect of OCD diagnosis on both fidelity of value-based decision 

making and uncertainty intolerance is stronger during gain blocks than during loss blocks. A 

similar effect was seen by Sip et al. (2016), who report risk aversion only when a gambling 

task is framed in terms of gains, not when it is framed in terms of losses. This raises an 

interesting question: is the effect of OCD diagnosis on uncertainty attitudes reduced by the 

objective possibility of losses, or simply by loss framing? Enhanced sensitivity to negative 

information and slowed reaction times in response to negative information have been 

repeatedly demonstrated in individuals with OCD (Foa et al., 1993; Lavy et al., 1994; 

Williams et al., 1996; Hinds et al., 2012). Simply framing a task in term of losses may 

prompt these individuals to pay more attention and be more careful with choices, which 

could both improve fidelity of value-based decision-making and attenuate abnormal 

uncertainty intolerance. This could mean that reduced sensitivity to rewards may be 

compensated by enhanced sensitivity to losses in individuals with OCD. Future studies need 

to investigate this possibility further.

Overall, our results support the proposition that testing decision making across clinical 

populations, and especially across traditional diagnostic categories, in controlled laboratory 

experiments can inform on the nature of clinically observed impairments in decision 

making. This approach may shed new light on commonalties between and distinctions 

among clinical syndromes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix A. Supporting information

Supplementary data associated with this article can be found in the online version at http://

dx.doi.org/10.1016/j.psychres.2017.08.058.
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Fig. 1. Experimental design
On each trial, participants chose between $5 during gain blocks or −$5 during loss blocks 

and a lottery. Lotteries varied in the amount they offered and in either the winning 

probability or the level of ambiguity around that probability. The lottery appeared on the 

screen as a bag containing a total of 100 red and blue plastic chips. The red and blue areas of 

the bag represented the relative numbers of red and blue chips. The numbers next to these 

areas represented the sums of money that could be won if a chip of that color were drawn 

($5, $8, $20, $50, or $125, −$5, −$8, −$20, −$50, or −$125, depending on the block and the 

trial; SM, S.5). A: In risky trials, the lottery payoff and outcome probability were precisely 

specified. The number of chips associated with a winning color was 13, 25, 38, 50, or 75, 

depending on the trial (SM, S.5). B: In ambiguous trials, part of the bag was hidden by a 

gray occluder. Thus the number of chips associated with a winning color was uncertain, C: 3 

levels of uncertainty were used. The number of chips associated with a winning color 

belonged to a small (between 38 and 62), medium (between 25 and 75), or wide (between 13 

and 87) range, always centered around 0.5 probability (SM, S.5).
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Fig. 2. Response time in individuals with OCD and/or HD and controls
Effect of diagnosis (OCD and/or HD vs. Controls) on response time and proportion of 

missed responses under RISK and under Ambiguity and during Gain and Loss blocks 

separately. Bars: histograms of respective distributions. Curves: empirically approximated 

normal curves.

Pushkarskaya et al. Page 17

Psychiatry Res. Author manuscript; available in PMC 2017 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. Proportion of inconsistent choices in individuals with OCD and/or HD and controls
Effect of diagnosis (OCD and/or HD vs. Controls) on proportion of inconsistent choices 

during gain blocks and loss blocks. Bars: histograms of respective distributions. Curves: 

empirically approximated normal curves. Since proportion of inconsistent choices under 

losses was not normally distribute, instead of group mean the corresponding figure presents 

the group trimmed mean at 20% - a statistical measure of central tendency that involves the 

calculation of the mean after discarding 10% of a sample at both the high and low end.
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Fig. 4. Value-based model fit, R2, in Individuals with OCD and/or HD and controls
Effect of diagnosis (OCD and/or HD vs. Controls) on the value-based model fit, R2, during 

gain blocks and loss blocks. Bars: histograms of respective distributions. Curves: empirically 

approximated normal curves.
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Fig. 5. Uncertainty aversion in individuals with OCD and/or HD and controls
Effect of diagnosis (OCD and/or HD vs. Controls) on risk and ambiguity attitudes during 

gain blocks and loss blocks. Bars: histograms of respective distributions. Curves: empirically 

approximated normal curves. Since proportion of inconsistent choices under losses was not 

normally distribute, instead of group mean the corresponding figure presents the group 

trimmed mean at 20% - a statistical measure of central tendency that involves the calculation 

of the mean after discarding 10% of a sample at both the high and low end.
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