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Background: Generalizing from past experiences can be adaptive by allowing those
experiences to guide behavior in new situations. Generalizing too much, however, can
be maladaptive. For example, individuals with pathological anxiety are believed to
overgeneralize emotional responses from past threats, broadening their scope of fears.
Whether individuals with pathological anxiety overgeneralize

in other situations remains unclear.

Methods: The present study (N = 57) used a monetary sensory preconditioning
paradigm with rewards and losses to address this question in individuals with
obsessive—compulsive disorder (OCD) and social anxiety disorder (SAD), comparing
them to healthy control subjects (HC). In all groups, we tested direct learning of
associations between cues and reward vs. loss outcomes, as well as generalization of

learning to novel choice options.

Results: We found no differences between the three groups in the direct learning of
stimuli with their outcomes: all subjects demonstrated intact stimulus-response learning
by choosing rewarding options and avoiding negative ones. However, OCD subjects
were less likely to generalize from rewards than either the SAD or HC groups, and this
impairment was not found for losses. Additionally, greater deficits in reward
generalization were correlated with severity of threat estimation, as measured by a
subscale of the Obsessive Beliefs Questionnaire, both within OCD and across all

groups.

Conclusions: These findings suggest that a compromised ability to generalize from
rewarding events may impede adaptive behavior in OCD and in those susceptible to

high estimation of threat.
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1 INTRODUCTION

A critical feature of adaptive learning is the ability to generalize from past experience to
guide future decisions. When deciding among options that have never been directly
experienced, generalization allows for similar or associated experiences to influence
choice, motivating individuals to seek new experiences related to positive past
outcomes and avoid ones related to negative outcomes. In the healthy brain,
generalization is supported by the hippocampus as well as the orbitofrontal cortex
(Eichenbaum & Cohen, 2004; Gerraty, Davidow, Wimmer, Kahn, & Shohamy, 2014;
Jones et al., 2012). One way to test generalization of learned associations is with a
“sensory preconditioning” task (Brogden, 1939; Dunsmoor, Murty, Davachi, & Phelps,
2015; Jones et al., 2012; Wimmer & Shohamy, 2012). In humans, fMRI studies with a
sensory preconditioning paradigm found that generalization of reward value varies
across participants, and this variability is related to hippocampal activity and to
connectivity between the hippocampus and the striatum (Wimmer & Shohamy, 2012) as
well as between the hippocampus and the ventromedial prefrontal cortex (Gerraty et al.,
2014). Here, we used this same paradigm in behavior to investigate how generalizing
from past reward experiences to novel situations may be altered in individuals with
pathological anxiety, who have previously been shown to overgeneralize to threatening
experiences (Dunsmoor & Paz, 2015; Laufer, Israeli, & Paz, 2016; Lissek et al., 2014).
In addition, to compare generalization for both positive and negative events, we

extended the task to include a monetary loss condition.



Previous laboratory studies of generalization in individuals with pathological anxiety
have focused on generalization of threat stimuli (for a review, see Dunsmoor & Paz,
2015). Specifically, those with panic disorder (Lissek et al., 2010), posttraumatic stress
disorder (Lissek & Grillon, 2012), and generalized anxiety disorder (Lissek et al., 2014)
are more likely to demonstrate a threat response to nonthreatening stimuli that are
perceptually similar to the threatening stimulus, although other studies of generalized
anxiety disorder have not found such effects (Greenberg, Carlson, Cha, & Mujica-
Parodi, 2013; Tinoco-gonzalez et al., 2015). Anxiety is thought to increase this
generalization through biasing the hippocampus to “pattern complete” the experience of
a nonthreatening event into a similar threatening experience, instead of “pattern
separating” threatening and nonthreatening episodes into distinct representations
(Lissek, 2012). However, it is unclear whether pathological anxiety affects
generalization from stimuli other than threats, such as when learning to generalize from
rewards and losses. It is also unclear whether anxiety affects generalization based on
memory associations rather than perceptual similarity. The present paradigm tests for
generalization to relational memories that were formed before conditioning, relying on a
reactivation of those previously learned associations during reinforcement learning, and

an interaction between striatal learning and hippocampal memory systems.

Two disorders associated with pathological anxiety are obsessive— compulsive disorder
(OCD), characterized by intrusive thoughts (obsessions) and repetitive behaviors
(compulsions) that are typically associated with anxiety, and social anxiety disorder

(SAD), characterized by fear and anxiety in social situations. Patients with these



disorders have been observed clinically to generalize from an anxiety-provoking
experience with one threat stimulus (e.g., a potential contaminant in OCD or a specific
social situation in SAD) to a broader class of stimuli (Kaczkurkin & Lissek, 2014), but
few studies have tested generalization in experimental tasks in these populations.
Although generalization to threat has not been studied in a clinical sample with OCD, in
an analogue sample of undergraduates with clinically significant OCD symptoms,
subjects with greater estimation of threat in the environment evidenced greater
perceptual generalization of a conditioned fear stimulus (Kaczkurkin & Lissek, 2014). In
SAD, one laboratory study of threat stimulus generalization reported mixed results, with
physiological evidence of overgeneralization but no differences in self-reports relative to

healthy control subjects (Ahrens et al., 2016).

OCD has, however, been associated with differential learning from gains and losses.
Specifically, individuals with OCD have been shown to have increased avoidance
learning and loss aversion (Gillan et al., 2014, 2015; Sip, Gonzalez, Taylor, & Stern,
2018) but decreased reward learning in reinforcement learning tasks (Endrass, Kloft,
Kaufmann, & Kathmann, 2011). Moreover, another study found that subjects with OCD
deploy a goal-directed, “model-based” system when learning about losses, whereas
they rely on a habitual, “model-free” system when learning about gains (Voon et al.,
2015). It has been speculated that the cycle of obsessions and compulsions in OCD
may in a sense hijack the dopaminergic reward system, leading to insensitivity to
external rewards and incentives, and preventing the adaptive pursuit of rewards in the

environment (Koch et al., 2018). These findings strongly suggest that individuals with



OCD might generalize differentially from reward and losses. SAD has also been
associated with deficient goal-directed learning of reward, although loss learning was

not assessed (Alvares, Balleine, & Guastella, 2014).

To explore whether individuals with OCD and SAD generalize differently from rewards
versus losses, we recruited unmedicated individuals with OCD and SAD as well as
healthy comparison (HC) participants and administered a “sensory preconditioning”
paradigm. This paradigm assesses stimulus-response learning as well as generalization
from monetary rewards, losses, and neutral outcomes and has been used in prior
behavioral and imaging studies in healthy individuals (Wimmer & Shohamy, 2012).
Based on the literature reviewed above, we predicted that OCD participants would
generalize less from rewards than losses compared to HC participants. By including
SAD participants, we were able to test whether differential performance on this task
compared to HCs is specific to OCD or is transdiagnostic across patients with anxiety.
Finally, we were interested in exploring whether task-based generalization was related
to individual estimation of threat in the environment (Steketee et al., 2005), based on
previous research showing that this measure predicts overgeneralization in fear learning

in individuals with obsessive—compulsive traits (Kaczkurkin & Lissek, 2014).
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FIGURE 1 Task design. (a) During the association phase, participants were exposed to

repeated pairs of stimuli. Each repeated pair included an S1 stimulus (a fractal) followed
by an S2 stimulus (an “art piece”) while performing a cover task of detecting whether a
displayed image was in an incorrect or correct format. (b) During the reward phase,
participants learned through classical conditioning to predict which art piece (S2 stimuli)
led to a gain, loss, or neutral outcome. (c) During the decision phase, participants chose

between pairs of S1 and S2 stimuli for monetary gain, without feedback.

2 METHODS AND MATERIALS

2.1 Setting

This study was conducted at an outpatient research clinic specializing in the diagnosis
and treatment of anxiety disorders and OCD. Procedures were approved by the
Institutional Review Board of the New York State Psychiatric Institute (NYSPI), and

participants provided written, informed consent.

2.2 Participants



Adults (aged 18-50 years) with a principal diagnosis of OCD, or SAD, and matched HC,
were recruited via media and referral. Diagnoses were made by a psychiatrist, and
confirmed by another clinician using a semi-structured interview (First, Spitzer, Gibbon,
& William, 1996).HC had no lifetime Axis | psychiatric disorders. OCD and SAD
participants had no lifetime history of psychotic, bipolar, attention deficit hyperactivity, or
primary hoarding disorder, and no other current Axis | disorders (including major
depressive disorder) except comorbid specific phobia (n =30CDand n = 3 SAD). All
participants were free from psychiatric medications at the time of testing (at least 4
weeks for most and 6 weeks for fluoxetine). Menstruating females were tested during
the first week of their menstrual cycle and were not pregnant, nursing, postmenopausal,
or using hormonal birth control. Fifty-seven subjects consented to this study and
completed the sensory preconditioning paradigm (n = 19 OCD, n =16 SAD, and n = 22
HC). Four were excluded (n = 3 OCD and n = 1 HC) because they scored under 50%
for both gain and loss conditioning, indicating a general deficit in learning and making

the generalization results difficult to interpret, yielding a final sample of 53 subjects.

2.3 Clinical assessments

Participants were evaluated by a trained rater using the Yale-Brown Obsessive—
Compulsive Scale (Y-BOCS; Goodman et al., 1989) and the Liebowitz Social Anxiety
Scale (LSAS; Heimberg et al., 1999). Participants completed the Threat Estimation
subscale of the Obsessive Beliefs Questionnaire (OBQ-44; Steketee et al., 2005) as
well as the Spielberger State-Trait Anxiety Inventory (STAI; Spielberger & Gorsuch,

1983).



2.4 Task procedure

Subijects participated in a computerized sensory preconditioning paradigm (Brogden,
1939; Wimmer & Shohamy, 2012). The task consisted of three phases, as shown in 1
Phase 1: an association phase, where participants learned to associate pairs of images
through repeated exposure to the pairs (denoted as S1 and S2 stimuli: S1 represents
the generalized stimulus and S2 represents the conditioned stimulus); Phase 2: a
reward phase: where the S2 stimuli were either paired with reward, loss, or a neutral
outcome; and Phase 3: a final decision phase, where participants made choices
between pairs of S1 and S2 stimuli without any reinforcement. This final phase revealed
subjects’ tendency to learn and generalize rewards and losses (details below). Subjects
were told they were playing a computer game in which their job was to be an art dealer
participating in an art auction. In Phase 1, the association phase, participants
experienced a “slideshow of paintings” where they were asked to indicate whether a
painting was in a correct or an incorrect format (upside down, missing, or a solid color)
on their keyboard. Participants were incidentally exposed to pairs of stimuli (S1
stimulus, a fractal, always preceding the S2 stimulus, an “art piece”). There were four
pairs of stimuli, each presented 10 times in a pseudo-random order, and intermixed with
14 unrepeated pairs. During Phase 2, the reward phase, the S2 stimuli observed in
Phase 1 underwent classical conditioning, such that participants learned which of the
four images predicted a reward, a loss or a neutral outcome (the fourth S2 stimulus was
not paired with an outcome and did not appear in Phase 2). Here, participants were

required to “bid” on paintings (S2 stimuli) in an art auction, and were told bidding on



each painting could lead to a number of points—either a 100 point gain, a 50 point loss,
or a 0 point neutral outcome. A 100 point gain and 50 point loss were deemed
equivalent given that losses subjectively weigh about twice as much as gains
(Kahneman & Tversky, 1979; Tom, Fox, Trepel, & Poldrack, 2007; Tversky &
Kahneman, 1992). Participants’ goal was to maximize their number of points, as they
were told a percentage of the points would be translated to their actual earnings. There
was a total of 60 trials, with each S2 stimulus presented 20 times. The gain (S2+) and
loss stimulus (S2-) were reinforced 80% of the time (and were paired with a 0 outcome
20% of the time). Subjects received feedback after every bidding decision (regardless of
the decision). In Phase 3, the final decision phase, participants chose between two
images that they had either previously seen in Phase 1, the association phase, or
Phase 2, the reward phase. They were instructed to choose the more valuable image,
going with their “gut reaction.” There was a total of 30 choice trials, including choices
between previously reinforced items (S2 stimuli pairs), and choices that reflected
generalization of value to paired associates (S1 stimuli pairs). There were five trial types
(six choices within each) including: gain associated stimuli (S+) versus loss associated
stimuli (S-), S+ versus S(neutral), S+ versus S(not conditioned), S— versus S(neutral),
and S— versus S(not conditioned). The participants did not receive any feedback during
the decision phase. We focused on two measures, both obtained in Phase 3. "Direct
learning of stimulus-reward associations" was measured by preference for the S2
stimulus leading to reward, and avoidance of the S2 stimulus leading to loss (from
Phase 2). “Generalization” was measured by preference for the S1 stimulus from Phase

1 that had been paired with the rewarded S2 image, and avoidance of the S1 associate



that had been paired with the S2 image predicting loss. We examined each of these

measures separately for rewards and losses.

2.5 Statistical analysis

2.5.1 Demographic and clinical characteristics

We conducted analyses of variance (ANOVAs) testing for group differences in our
demographic and clinical measures for continuous variables, and chi-square for
categorical variables (see Table 1). If significant, we next conducted a Tukey's post hoc

test for multiple comparisons to analyze pair comparisons.



TABLE 1 Demographic and clinical characteristics

Obsessive-
Healthy compulsive Social anxiety
comparisons disorder disorder
(n=21) (h=16) (n=16)
Mean + SD Mean + SD Mean + SD
Age (years) 27.6 +5.7 30.0+4.7 285+ 6.8
Gender (F) 13 (62%) 9(56%) 9 (56%)
Years of 157 +2.2 15.7+19 149+ 14
education
Estimated IQ 109.6 + 8.7 110.9+5.0 109.6 +9.3
(NAART)
OBQ-threat 95+49 20.2+120 16.25+9.8
estimation
Y-BOCS-total 03+13 25.5+42 1.1+20
LSAS, total 96+5.6 19.1+13.2 743+ 213
STAl-trait 264+ 4.6 40.3+10.7 475+ 10.7

LSAS, Liebowitz Social Anxiety Scale; NAART, North American Adult Read-
ing Test; OBQ, Obsessive Beliefs Questionnaire; STAI, State Trait Anxiety
Inventory; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale.

2.5.2 Conditioning

To determine how well subjects learned to associate the images (S2 stimuli) with their
outcomes, we calculated the proportion of choices from Phase 3 for the rewarding
image (S2+, a measure of reward conditioning), and the proportion of choices away

from the loss image (S2—, a measure of loss conditioning). We then ran three ANOVAs



testing for group differences (1) for overall conditioning (combining reward and loss

conditioning), (2) for reward conditioning, and (3) loss f conditioning separately.

2.5.3 Generalization

To determine whether subjects generalized the gain and loss events to their associated
images (S1 stimuli), we calculated the proportion of choices from Phase 3 for the S1
stimulus paired with S2+ (S1+, a measure of reward generalization), and did not choose
the S1 stimulus paired with S2— (S1—, a measure of loss generalization). We then ran
three ANOVAs (and if significant, subsequent Tukey's post hoc tests) testing for group
differences (1) for overall generalization (combining reward and loss generalization), (2)
for reward generalization, and (3) loss generalization separately. We assessed whether
group scores were below chance using a one-sample t-test. To compare reward and
loss generalization to each other (without contamination), we used the proportion of S1+
over the neutral S1 as our measure of reward generalization, and the proportion of S1-
over the neutral S1 as our measure of loss generalization, and subtracted these two

measures to quantify the asymmetry between loss and reward generalization.

2.5.4 Threat estimation

We used subjects’ total threat estimation scores from the OBQ, and conducted separate
regression analyses (both within the OCD group and across groups) testing for whether
threat estimation predicted (1) reward generalization and (2) loss generalization. We

also explored whether these effects (slopes) were different from each other by



assessing the interaction between threat estimation and generalization type (reward or

loss) in predicting generalization.

3 RESULTS

3.1 Sample

Demographic and clinical characteristics of the 53 participants are shown in Table 1. All
were unmedicated at the time of testing. There were no group differences in age
(F(2,50) = 0.73, P = 0.49), gender (X2[2, N =53] =0.17, P = 0.92), years of education
(F(2,50) = 0.93, P = 0.40), or estimated IQ(National Adult Reading Test; F(2,50) = 0.15,
P =0.87; see Table 1). As expected, there were group differences in OCD severity (Y-
BOCS; F(2,50) = 458, P <0.001), with OCD participants scoring higher than SAD
participants and HCs (OCDHC: P < 0.001; SAD-OCD: P <0.001; SAD-HC: P =0.64).
There were also group differences in OBQ threat estimation score (OBQ; F(2,50) =
6.68, P <0.01), with OCD participants scoring higher than HCs (OCD-HC: P < 0.01) but
not higher than SAD participants (OCDSAD: P = 0.44; SAD-HC: P = 0.07). Similarly as
expected, there were differences in the severity of social anxiety (LSAS; F(2,50) =
101.2, P <0.001) with SAD participants scoring higher than OCD participants and HCs
(SAD-HC: P <0.001; SAD-OCD: P <0.001; OCD-HC: P=0.12). Both patient groups
also scored higher than HCs on degree of trait anxiety (State Trait Anxiety Inventory;
F(2,50) = 27.91, P <0.001; SAD-HC: P <0.001; OCD-HC: P < 0.001; OCD-SAD: P =

0.40). Finally, 83% (44 of 53) had never been on psychotropic medication. Of the nine



who had been exposed (n =5 SAD and n =4 OCD), none had been on psychotropic

medication for at least a year.
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FIGURE 2 Learning plots in healthy comparison (HC) subjects, and obsessive—
compulsive disorder (OCD) and social anxiety disorder (SAD) patients. (a) The bars
represent choice preference for the gain stimulus (S2+), over both the neutral (S2) and
the loss stimulus (S2-). There were no differences in overall conditioning across
groups. (b) The bars represent choice preference towards the stimulus associated with
the gain stimulus (S1+) and away from the stimulus associated with neutral (S1) and

loss stimuli (S1-). There were no differences in overall generalization across groups.

3.2 Conditioning

There were no significant group differences in overall conditioning (F(2,50) = 1.80, P =
0.18; see Figure 2a), nor, when analyzed separately, for reward conditioning (F(2,50) =
0.52, P =0.60) or loss conditioning (F(2,50) = 1.21, P = 0.31). Each group had
conditioning scores above chance (OCD: {[15] = 7.79, P <0.001; SAD: {{15] =7.18, P <

0.001; HC: {[20] = 14.78, P < 0.001) demonstrating intact first-order learning.

3.3 Generalization



While there were no overall group differences for generalization (F(2,50) = 0.06, P =
0.94; see Figure 2b), nor for loss generalization (F(2,50) = 1.80, P = 0.18; Figure 3b),
there were significant group differences in reward generalization (F(2,50) = 4.05, P =
0.02; Figure 3a). Specifically, OCD participants generalized significantly less from gain
than HCs (P = 0.04) and the SAD group (P = 0.05). Comparing each group's
performance to chance, we found that the OCD group generalized to gain at a rate
below chance ({{15] = -3.87, P < 0.01), unlike the HCs ({{20] = 0.62, P = 0.54) and SAD
group (f{15]) = 0.66, P = 0.52), whose overall group performance was no significantly
different from chance. This suggests that not only did OCD participants fail to show a
bias toward the rewarded associate, but instead avoided choosing that image
altogether. This was reflected in group differences in the asymmetry between reward
and loss generalization (F(2,50) = 4.54, P = 0.01; Figure 3c), with OCD participants
generalizing more from losses than gains ({15] = 3.43, P < 0.01). This asymmetry in

OCD was greater than HC (P = 0.05) and SAD (P = 0.02) groups.

3.4 Threat estimation and anxiety

Both within OCD participants and across groups, greater threat estimation was related
to impaired reward generalization (OCD participants: {{14]=-2.32, P=0.04, #=-0.01;
total population: {{51]=—2.56, P = 0.01, £=-0.01; Figure 3d). Threat estimation,
however, was not related to loss generalization (t = 0.40, P = 0.69, /= 0.002; Figure 3e)
and there was a significant difference in the slopes between the loss and reward
conditions ({51] = -2.05, P = 0.04, /= —0.02). There was not a relationship between

state or trait anxiety measures (STAI) and generalization scores.
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FIGURE 3 Generalization plots for healthy comparison (HC) subjects, and obsessive—

compulsive disorder (OCD) and social anxiety disorder (SAD) patients. (a) Choice

preference for the stimulus associated with the gain stimulus (S1+) versus the stimulus

associated with the neutral stimulus (S1). The OCD patients chose the S1+ stimulus

significantly less than HC and SAD patients. (b) Choice preference for the stimulus

associated with the neutral stimulus (S1) versus the stimulus associated with the loss

stimulus (S1-). There were no differences in loss generalization across groups. (c) The

difference between positive (vs. neutral) generalization and loss (vs. neutral)

generalization for each group. The OCD group generalized significantly less from gain



stimuli than from loss stimuli, and less than HCs and SAD patients. (d) Reward (vs.
neutral) generalization as a function of scores from the obsessive beliefs questionnaire
(OBQ) threat estimation subscale. Higher threat estimation predicted worse reward
generalization across groups. (e€) Loss (vs. neutral) generalization as a function of threat
estimation scores. Threat estimation did not predict loss generalization. Shaded regions

in (d) and (e) represent 95% confidence intervals.

4 DISCUSSION

Generalizing from past experiences supports decisions for choices that have never
been directly experienced. The present study examined reward and loss generalization
in a sample of OCD, SAD, and HC subjects using a sensory preconditioning paradigm.
This paradigm allowed us to detect the extent to which subjects were leveraging past
experiences to guide behavior. We found no differences between groups in the direct
learning of associations between cues and outcomes: all subjects learned to seek
rewards and avoid loss, demonstrating intact stimulus-response learning. However,
OCD subjects were less likely to generalize from rewards than SAD and HC groups.
This impairment was not found for loss generalization. Finally, this deficit in reward
generalization was correlated with the threat estimation dimension of the OBQ within

OCD and across all groups.

The finding that OCD subjects were less likely to generalize from rewards but showed
no impairment in loss generalization is consistent with prior studies suggesting that
OCD patients have abnormalities in reward processing, although these other studies

examined different aspects of reward processing than generalization (e.g., Kaufmann et



al., 2013). Our finding that OCD subjects were less likely to generalize to rewards is
consistent with a recent study showing that OCD patients have a more flexible, “model-
based” representation when learning about losses, and an inflexible, or “model-free”
representation when learning about rewards (Voon et al., 2015). Model-based learning
is linked to the use of relational and associative memory (Doll, Shohamy, & Daw, 2015),
supported by the hippocampus (Shohamy & Wagner, 2008), whereas model-free
learning, linked to habitual and procedural learning, is not thought to depend on
hippocampal functioning. Our results moreover show that OCD individuals are choosing
the generalized reward stimulus below chance. Previous fMRI studies using this
paradigm with healthy participants (Gerraty et al., 2014; Wimmer& Shohamy, 2012)
have shown that individual variability in reward generalization is related to functional
connectivity between the hippocampus and reward systems, suggesting possible
alterations in connectivity in these networks in OCD. Given that the hippocampus is
important for sensory preconditioning in the healthy brain and hippocampal
abnormalities have been reported in OCD (Milad et al., 2013), our findings suggest
need for further study of the possibility that hippocampal abnormalities contribute to the
pattern of behavioral performance in reward-based decision-making in OCD. Previous
studies have not directly investigated a trade-off between reward and loss
generalization in OCD. In our sample, we did not find impaired loss learning or
abnormal loss generalization in either OCD or SAD. The literature on OCD and loss
learning is mixed. Some studies have found excessive loss learning and deficient
reward learning in behavior and in the brain (Endrass et al., 2011; Kaufmann et al.,

2013). For example, loss learning in OCD has been related to “hyperactivation” of



neural areas linked to motivational salience (Kaufmann et al., 2013) and reward
processing (Jung et al., 2011).Conversely, gain learning in OCD is associated with
“hypoactivation” of neural circuits associated with reward learning, including the nucleus
accumbens (Figee et al., 2011; Jung et al., 2013; Kaufmann et al., 2013). For the SAD
group, the lack of impaired reward generalization in in this study is consistent with
suggestions that aberrant reward processing in SAD may be specific to social reward
cues (Richey et al., 2017). Our data did reveal a relationship between threat
overestimation, a common feature of pathological anxiety and previously related to
generalization in individuals with obsessive—compulsive traits (Lissek et al., 2014), and
reward generalization, with greater threat estimation related to greater impairment in
reward generalization. We did not find that state or trait anxiety modulated
generalization, suggesting that this relationship is specific to threat estimation and not
anxiety symptoms per se. Moreover, this association was selective to reward
generalization and did not exist for loss generalization, suggesting that reward and
threat may not be completely dissociable systems. For example, a greater
preoccupation with avoiding threat coupled with an overestimation of the likelihood and
severity of threat in the environment may possibly compromise reward generalization,
thus hindering the adaptive seeking of rewarding events. Alternatively, impaired reward
processing could prevent pleasurable events from acting as a buffer to stress (e.g.,
Ulrich-Lai et al., 2010) furthering the negative impact of stressful experiences. Finally, it
has been suggested that reward and threat share common neurobiological substrates

(Leknes & Tracey, 2008), which implies that a deficit in one system entails dysfunction



in the other. This potential interaction between threat estimation and reward seeking

may be a productive area for future investigation.

Strengths of this study included well-characterized unmedicated samples, with minimal
comorbidity in the OCD and SAD groups. We used an established paradigm, which, in
healthy participants, has shown that reward-based generalization is supported by the
hippocampus and by interactions between the hippocampus and the striatum (Wimmer
& Shohamy, 2012), and that individual differences in generalization are related to
connectivity within these circuits (Gerraty et al., 2014) allowing us to behaviorally detect
the degree to which participants are relying on amore habitual versus a more flexible
learning system. Nevertheless, our sample is relatively small, and these findings will
require replication. Moreover, this paradigm was limited to assessment of monetary
rewards and losses. These secondary reinforcers may not engage identical
mechanisms, nor to the same extent, as primary reinforcers. In the case of aversive
events, learning about shocks is supported by regions distinct from monetary losses,
such as the amygdala (Delgado, Jou, & Phelps, 2011), perhaps explaining why our
monetary loss condition did not replicate previous findings of excessive fear learning in
OCD, which typically use primary reinforcers like shock (e.g., Gillan et al., 2015). It will
additionally be of interest to test generalization for disorder-specific types of rewards
and losses (e.g., social in SAD) and its association with alternative measures of threat
sensitivity. Our findings together with prior studies describing deficits in reward
processing in OCD suggest reward learning as a novel therapeutic target in OCD. For

example, it might be fruitful to enhance an individual's capacity to generalize to rewards



in the environment, especially in the face of potential threat. Beyond OCD, such an
approach might benefit others with pathological anxiety and high threat estimation. Our
findings also suggest that the interplay among reward processing, threat estimation, and
habit-like behavior is complex and warrants careful study in both healthy control and
clinical populations using validated paradigms that can tap all three domains in the

same subjects.

ACKNOWLEDGMENTS

This work was supported by grant 5SR01MH091694 from the National Institute for Mental
Health (F.R.S., A.J.F., and H.B.S) as well as by the New York State Office of Mental

Health.

CONFLICTS OF INTEREST

Nina Rouhani, Dr. Abby J. Fyer, and Dr. Daphna Shohamy have no conflicts of interest
or financial disclosures to report. Dr. Franklin R. Schneier has received research
support from Forest Laboratories. Dr. H. Blair Simpson has received royalties from
UpToDate, Inc and Cambridge University Press, and research support from Biohaven to

participate in a multisite clinical trial of an investigational medication for OCD.



REFERENCES

Ahrens, L. M., Pauli, P., Reif, A., MUhlberger, A., Langs, G., Aalderink, T., & Wieser, M.
J. (2016). Fear conditioning and stimulus generalization in patients with social anxiety
disorder. Journal of Anxiety Disorders, 44, 36— 46.
https://doi.org/10.1016/j.janxdis.2016.10.003

Alvares, G. A., Balleine, B. W., & Guastella, A. J. (2014). Impairments in goal-directed
actions predict treatment response to cognitive behavioral therapy in social anxiety
disorder. PLoS One, 9(4), e94778. https://doi.org/10.1371/journal.pone.0094778

Brogden,W. J. (1939). Sensory pre-conditioning. Journal of Experimental Psychology,
25(4), 323-332. https://doi.org/10.1037/h0058944

Delgado, M. R., Jou, R. L., & Phelps, E. A. (2011). Neural systems underlying aversive
conditioning in humans with primary and secondary reinforcers. Frontiers in
Neuroscience, 5, 71. https://doi.org/10.3389/fnins.2011.00071

Doll, B. B., Shohamy, D., & Daw, N. D. (2015). Multiple memory systems as substrates
for multiple decision systems. Neurobiology of Learning and Memory, 117, 4—13.
https://doi.org/10.1016/j.nIm.2014.04.014

Dunsmoor, J. E., Murty, V. P., Davachi, L., & Phelps, E. A. (2015). Emotional learning
selectively and retroactively strengthens memories for related events. Nature,
520(7547), 345-348. https://doi.org/10.1038/nature 14106

Dunsmoor, J. E., & Paz, R. (2015). Fear generalization and anxiety: Behavioral and
neural mechanisms. Biological Psychiatry, 78(5), 336—343.
https://doi.org/10.1016/j.biopsych.2015.04.010




Eichenbaum, H., & Cohen, N. J. (2004). From conditioning to conscious recollection:

Memory systems of the brain. Oxford, England: Oxford University Press.

Endrass, T., Kloft, L., Kaufmann, C., & Kathmann, N. (2011). Approach and avoidance
learning in obsessive-compulsive disorder. Depression and Anxiety, 28(2), 166—172.
https://doi.org/10.1002/da.20772

Figee, M., Vink, M., De Geus, F., Vulink, N., Veltman, D. J., Westenberg, H., & Denys,
D. (2011). Dysfunctional reward circuitry in obsessive compulsive disorder. Biological
Psychiatry, 69(9), 867—874. https://doi.org/10.1016/j.biopsych.2010.12.003

First, M., Spitzer, R., Gibbon, M., & William, J. (1996). Structured clinical interview
schedule for DSM-1V axis 1 disorders, research version, patient/non-patient edition
(Biometrics Research New York State Psychiatric Institute, New York). New York, NY:

New York State Psychiatric Institute.

Gerraty, R. T., Davidow, J. Y., Wimmer, G. E., Kahn, |., & Shohamy, D. (2014). Transfer
of learning relates to intrinsic connectivity between hippocampus, ventromedial
prefrontal cortex, and large-scale networks. Journal of Neuroscience, 34(34), 11297—-
11303. https://doi.org/10.1523/JNEUROSCI.0185-14.2014

Gillan, C. M., Apergis-Schoute, A. M., Morein-Zamir, S., Urcelay, G. P., Sule, A.,
Fineberg, N. A., ... Robbins, T. W. (2015). Functional neuroimaging of avoidance habits
in obsessive-compulsive disorder. American Journal of Psychiatry, 172(3), 284—293.
https://doi.org/10.1176/appi.ajp.2014.14040525

Gillan, C. M., Morein-Zamir, S., Urcelay, G. P., Sule, A., Voon, V., Apergis- Schoute, A.
M., ... Robbins, T. W. (2014). Enhanced avoidance habits in obsessive-compulsive
disorder. Biological Psychiatry, 75(8), 631-638.
https://doi.org/10.1016/j.biopsych.2013.02.002




Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Fleischmann, R. L., Hill,
C. L., ... Charney, D. S. (1989). Yale-brown obsessive compulsive scale (Y-BOCS).
Archives of General Psychiatry, 46, 1006—1011.

Greenberg, T., Carlson, J. M., Cha, J., & Mujica-Parodi, L. R. (2013). Ventromedial
prefrontal cortex reactivity is altered in generalized anxiety disorder during fear

generalization. Depression and Anxiety, 30(3), 242—-250.

Heimberg, R. G., Horner, K. J., Juster, H. R., Safren, S. A., Brown, E. J., Schneier, F.
R.,&Liebowitz, M. R. (1999). Psychometric properties of the liebowitz social anxiety
scale. Psychological Medicine, 29(1), 199-212.
https://doi.org/10.1017/S0033291798007879

Jones, J. L., Esber, G. R., McDannald, M. A., Gruber, A. J., Hernandez, A., Mirenzi, A.,
& Schoenbaum, G. (2012). Orbitofrontal cortex supports behavior and learning using
inferred but not cached values. Science, 338(6109), 953-956.
https://doi.org/10.1126/science.1227489

Jung, W. H., Kang, D. H., Han, J. Y., Jang, J. H., Gu, B. M., Choi, J. S., ... Kwon, J. S.
(2011). Aberrant ventral striatal responses during incentive processing in unmedicated
patients with obsessive compulsive disorder. Acta Psychiatrica Scandinavica, 123(5),
376-386. https://doi.org/10.1111/j.1600-0447.2010.01659.x

Jung, W. H., Kang, D. H., Kim, E., Shin, K. S., Jang, J. H., & Kwon, J. S. (2013).
Abnormal corticostriatal-limbic functional connectivity in obsessive compulsive disorder
during reward processing and resting-state. Neurolmage: Clinical, 3, 27-38.
https://doi.org/10.1016/j.nicl.2013.06.013

Kaczkurkin,A.N., & Lissek, S. (2014).Generalization of conditioned fear and obsessive-
compulsive traits. Journal of Psychology & Psychotherapy, 7, 3.
https://doi.org/10.1007/s12020-009-9266-z.A




Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under
risk. Econometrica, 47(2), 263-291. https://doi.org/10.1017/CBO9781107415324.004

Kaufmann, C., Beucke, J. C., Preul3e, F., Endrass, T., Schlagenhauf, F., Heinz,
A.,...Kathmann, N. (2013).Medial prefrontal brain activation to anticipated
reward and loss in obsessive-compulsive disorder. Neurolmage:

Clinical, 2(1), 212-220. https://doi.org/10.1016/j.nicl.2013.01.005

Koch, K., Reel, T. J., Rus, O. G., Gursel, D. A., Wagner, G., Berberich, G., & Zimmer,
C. (2018). Increased default mode network connectivity in obsessive-compulsive
disorder during reward processing. Frontiers in Psychiatry, 9, 254.
https://doi.org/10.3389/fpsyt.2018.00254

Laufer, O., Israeli, D., & Paz, R. (2016). Behavioral and neural mechanisms of
overgeneralization in anxiety. Current Biology, 26(6), 713-722.
https://doi.org/10.1016/j.cub.2016.01.023

Leknes, S., & Tracey, |. (2008). A common neurobiology for pain and pleasure. Nature
Reviews Neuroscience, 9(4), 314-320. https://doi.org/10.1038/nrn2333

Lissek, S. (2012). Toward an account of clinical anxiety predicated on basic, neurally
mapped mechanisms of Pavlovian fear-learning: The case for conditioned
overgeneralization. Depression and Anxiety, 29(4), 257-263.
https://doi.org/10.1002/da.21922

Lissek, S., Bradford, D. E., Alvarez, R. P., Burton, P., Espensen-Sturges, T., Reynolds,
R. C., & Grillon, C. (2014). Neural substrates of classically conditioned fear-
generalization in humans: A parametric fMRI study. Social Cognitive and Affective
Neuroscience, 9(8), 1134—-1142.

https://doi.org/10.1093/scan/nst096




Lissek, S.,&Grillon, C. (2012). Learning models of PTSD. In J.G. Beck&D. M. Sloan
(Eds.), The Oxford handbook of traumatic stress disorders (pp. 175-190). New York,
NY: Oxford University Press.

Lissek, S., Kaczkurkin, A. N., Rabin, S., Geraci, M., Pine, D. S., & Grillon, C. (2014).
Generalized anxiety disorder is associated with overgeneralization of classically
conditioned fear. Biological Psychiatry, 75(11), 909-915.
https://doi.org/10.1016/j.biopsych.2013.07.025

Lissek, S., Rabin, S., Heller, R., Lukenbaugh, D., Geraci, M., Pine, D. S., & Grillon, C.
(2010). Overgeneralization of conditioned fear as a pathogenic marker of panic
disorder. The American Journal of Psychiatry, 167(1), 47-55.
https://doi.org/10.1176/appi.ajp.2009.09030410

Milad, M. R., Furtak, S. C., Greenberg, J. L., Keshaviah, A., Im, J. J., Falkenstein, M. J.,
... Wilhelm, S. (2013). Deficits in conditioned fear extinction in obsessive-compulsive
disorder and neurobiological changes in the fear circuit. JAMA Psychiatry, 70(6), 608—
618. https://doi.org/10.1001/jamapsychiatry.2013.914

Richey, J. A., Ghane, M., Valdespino, A., Coffman, M. C., Strege, M. V, White, S. W., &
Ollendick, T. H. (2017). Spatiotemporal dissociation of brain activity underlying threat
and reward in social anxiety disorder. Social Cognitive and Affective Neuroscience,
12(1), 81-94. https://doi.org/10.1093/scan/nsw149

Shohamy, D., & Wagner, A. D. (2008). Integrating memories in the human brain:
Hippocampal-midbrain encoding of overlapping events. Neuron, 60(2), 378-389.
https://doi.org/10.1016/j.neuron.2008.09.023




Sip, K. E., Gonzalez, R., Taylor, S. F., & Stern, E. R. (2018). Increased loss aversion in
unmedicated patients with obsessive-compulsive disorder. Frontiers in Psychiatry, 8,
309. https://doi.org/10.3389/fpsyt.2017.00309

Spielberger, C. D., & Gorsuch, R. L. (1983). Manual for the state-trait anxiety inventory
(form Y): (“Self-evaluation questionnaire”). Palo Alto, CA. Consulting Psychologists

Press, Incorporated.

Steketee, G., Frost, R., Bhar, S., Bouvard, M., Calamari, J., Carmin, C., ... Yaryura-
Tobias, J. (2005). Psychometric validation of the obsessive belief questionnaire and
interpretation of intrusions inventory - Part 2: Factor analyses and testing of a brief
version. Behaviour Research and Therapy, 43(11), 1527-1542.
https://doi.org/10.1016/j.brat.2004.07.010

Tinoco-gonzalez, D., Fullana, M. A., Torrents-rodas, D., Vervliet, B., Blasco, M. J.,
Farré, M., & Torrubia, R. (2015). Fear acquisition and generalization in generalized
anxiety disorder. Behavior Therapy, 46(5), 627—639. Retrieved from
https://lirias.kuleuven.be/bitstream/123456789/477458/1/Tinoco+-
+Gonzalez+et+al++%28in+press%29+fear+acquisition+and+generalization+in+GAD.pd
f

Tom, S. M., Fox, C. R., Trepel, C., & Poldrack, R. A. (2007). The neural basis of loss

aversion in decision-making under risk. Science, 315(5811), 515— 518.

Tversky, A., & Kahneman, D. (1992). Advances in prospect-theory— Cumulative
representation of uncertainty. Journal of Risk and Uncertainty, 5(4), 297-323.
https://doi.org/10.1007/Bf00122574

Ulrich-Lai, Y. M., Christiansen, A. M., Ostrander, M. M., Jones, A. A., Jones, K. R.,

Choi, D. C., ... Herman, J. P. (2010). Pleasurable behaviors reduce stress via brain



reward pathways. Proceedings of the National Academy of Sciences, 107(47), 20529—
20534. https://doi.org/10.1073/pnas.1007740107

Voon, V., Baek, K., Enander, J., Worbe, Y., Morris, L. S., Harrison, N. a., ...Daw, N.
(2015). Motivation and value influences in the relative balance of goal-directed and
habitual behaviours in obsessive-compulsive disorder. Translational Psychiatry, 5(11),
€670. https://doi.org/10.1038/tp.2015.165

Wimmer, G. E., & Shohamy, D. (2012). Preference by association: How memory
mechanisms in the hippocampus bias decisions. Science, 338, 270-273.
https://doi.org/10.1126/science.1223252




