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Abstract
Objective—To test whether women with Anorexia Nervosa (AN) have increased sensitivity to
punishing or rewarding stimuli, behaviors that could drive high self-control and anxious, avoidant
behaviors.

Method—Sixty-four women completed the study: 33 control women (CW, mean age 19.7 years)
and 31 AN (mean age 19.6 years). Participants completed diagnostic exams, questionnaires for
eating disorder severity and personality, as well as the Sensitivity to Punishment/Sensitivity to
Reward Questionnaire (SPSRQ).

Results—AN scored higher than CW on SPSRQ sensitivity to punishment (p<0.00001) and
sensitivity to reward (p=0.005). AN women without anxiety or depression continued to have
increased SPSRQ scores compared to CW.

Conclusion—This is the first study comparing the SPSRQ in AN and CW. Results suggest that
reward and punishment sensitivity are increased in AN and could be potential trait markers. It is
possible that harm-avoidant, anxious behaviors in AN are related to this heightened sensitivity.

Anorexia Nervosa (AN) is a severe, often persistent mental illness with the highest mortality
rate among all the psychiatric disorders (1). AN is characterized by intense fear of gaining
weight, food restriction and weight loss, body image distortion, and amenorrhea (2). Central
to AN is the ego-syntonic nature of weight loss, as well as the high rate of treatment
resistance and drop out (3). The underlying pathophysiology of AN is unknown.

AN is frequently associated with co-morbid anxiety disorders that often predate the
emergence of eating disorder (ED) pathology (4). Individuals with AN are consistently
characterized as highly perfectionistic and controlling (5) and show temperament traits such
as high harm avoidance (HA; shy, fearful, worrying behavior, tendency to avoid perceived
punishment), and lower novelty seeking (NS; the desire to explore and approach potential
rewards) (4,6-9). These characteristics raise the question whether such behaviors in AN are
primary or adaptive in order to tolerate and handle the ups and downs of failures and
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accomplishments in daily life. While speculative, AN individuals may have heightened
emotional or physiological sensitivity to experiences that are associated with reward or
punishment, and that the eating disorder and associated behaviors may in some way serve to
mitigate these responses by the sense of control received. We hypothesized that individuals
with AN might be overly sensitive to the saliency of punishing or rewarding stimuli, and
they may act to minimize exposure to such cues.

Reinforcement Sensitivity Theory (RST) (10) provides a framework that explores how
differences in brain systems responsive to punishment and reward are reflected in individual
personality (11-12). In the original theory, personality dimensions such as anxiety and
impulsivity were thought to be controlled by two underlying neural systems: the behavioral
activation system, specifically responsive to rewarding stimuli resulting in approach
behavior, and the behavioral inhibition system, responsive to aversive stimuli, or
punishment, leading to inhibition of behavior (11-12). Conditioned and unconditioned
stimuli activate the behavior activation and inhibition system. In the most recent revision of
RST, the original behavioral inhibition system has been further divided into the fight-flight-
freeze system (FFFS) and the behavioral inhibition-anxiety system. RST suggests that the
FFFS responds to all potentially aversive stimuli, replacing the role of the original
behavioral inhibition concept, whereas the revised behavioral inhibition-anxiety system,
instead, resolves approach versus avoidance of a stimulus when there is a conflict and
activation of both the FFFS and behavior activation system (11,13). Based on this revised
model, personality characteristics related to impulsivity, anxiety, and fear are independently
mediated by the behavioral activation system, behavioral inhibition-anxiety, and FFFS
systems respectively (11).

Under the RST framework, individuals with altered sensitivities in these three systems may
have an increased risk for psychological illness and distress (11), and research has shown
that individuals with elevated FFFS are prone to phobia and panic, people with elevations of
the behavioral activation system are prone to addictive behavior, and those with a
heightened behavioral inhibition system activity in general may have an increased risk of
anxiety disorders (13).

Two self-report measures exist that were designed specifically to assess reinforcement
sensitivity: The Behavioral Inhibition Scale/Behavioral Activation Scale (BIS/BAS) (14)
and the Sensitivity to Punishment/Sensitivity to Reward Questionnaire (SPSRQ) (15).
Although the BIS/BAS has been applied the most frequently in behavioral,
psychophysiological and neuro-imaging studies, some have criticized the scale’s approach
towards measuring “generalized sensitivity to reward and punishment, while Gray’s theory
deals with sensitivity to specific cues” (15-17). In response to that criticism, the SPSRQ was
developed to test behavior inhibition and activation systems employing questions related to
very specific cues and situations. Just recently, the use of the SPSRQ has been validated for
the use in eating disorder populations (18) supporting the assessment of reward sensitivity in
AN using this questionnaire. While aiming to test the behavioral inhibition and behavioral
activation systems, the two questionnaires differ with respect to questionnaire design and
item presentation.

Although there is clinical evidence of altered reward and punishment sensitivity in
individuals with eating disorders, only a handful of studies have investigated the role of
reinforcement sensitivity in ED populations using these measures. One group, using the BIS/
BAS and SPSRQ, (18) reported that women with AN and bulimia nervosa (BN) have similar
levels of behavioral inhibition reactivity; however, purging-type AN (AN-P) and BN had
significantly higher levels of behavioral activation compared to restricting-type AN (AN-R),
suggesting that BN and AN-P are more prone to act impulsively and approach potentially
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rewarding activities. That study did not include a control group, however. Another study,
using only the BIS/BAS, reported higher levels of behavioral inhibition in AN-R than AN-P
or controls, and lower levels of fun seeking (an aspect of behavioral activation related to the
willingness to seek out potential rewards) and total behavioral activation (19). Two studies
in female high school and college students using the BIS/BAS showed that heightened
sensitivity to both punishment as well as reward predicted dysfunctional eating as assessed
by the Eating Disorder Inventory, which suggested a possible link between Reinforcement
Sensitivity and maladaptive eating behavior (20-21).

The present study is the first to compare the SPSRQ between clinically diagnosed AN
participants and healthy control women (CW). In addition, study participants completed the
BIS/BAS questionnaire and measures of eating disorder symptomatology. Based on our
clinical observations, and in line with the work by Loxton and Dawe, we hypothesized that
AN would report increased sensitivity to both punishment and reward, as well as higher
levels of behavioral inhibition and behavioral activation compared to controls (20-21). Such
findings could suggest the presence of a biologic vulnerability underlying the ego syntonic,
over-controlling, anxious and avoidant behavior often observed in AN.

METHODS
Participants

Sixty-four women, ages 12 to 45 years, completed the study: thirty-three healthy controls
(mean age = 19.67 years, standard deviation [SD] = 6.42) and thirty-one with anorexia
nervosa (mean age = 19.42 years, SD = 6.98), with 9 AN binging/purging type and 22 AN
restricting type. Participants with AN were recruited through the Eating Disorders Program
at The Children’s Hospital in Aurora, Colorado and at the Eating Disorder Center of Denver,
which included patients in inpatient, day treatment and outpatient levels of care. Control
participants were recruited through local advertisements in the Denver/Metro area. For the
AN group, all study procedures were completed at low weight (less than 85% ideal body
weight) and meeting full AN diagnostic criteria. In general, all study procedures were
completed within the first week after admission. Informed consent was obtained for each
individual enrolled, and all research procedures were approved by the Colorado Multiple
Institutional Review Board.

To qualify for the study, participants took part in a rigorous, multi-step screening process.
Study participants completed a battery of self-report questionnaires, met individually with a
doctoral level study investigator to assess medical and psychological history, and also
completed a structured diagnostic interview. Healthy CW had a lifetime history of healthy
body weight (between 90% and 110% of ideal body weight since menarche), did not endorse
symptomatic eating or weight concerns, and were free from any major medical illness.
Participants with AN met current DSM-IV-R (2) criteria for anorexia nervosa, either
restricting or binge/purging subtype.

Screening
To assess for psychological symptoms in healthy individuals under 18 years (n=16),
participants were interviewed with DISC Predictive Scales (DPS), a computerized tool
designed to quickly and accurately screen individuals for psychopathological symptoms
(22). Those who endorsed psychiatric symptoms via DPS, indicating the need for further
evaluation and screening, were excluded. AN minors (n=15) completed the Clinical
Diagnostic Interview Schedule for Children 4.0 (CDISC-IV), an in-depth computerized
diagnostic tool to assess all major psychiatric diagnoses. Adult CW (n=17) and AN (n=16)
were assessed with the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (23).
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Controls were excluded if they endorsed any current or past psychological symptoms. The
study, however, did allow co-occurring diagnoses for the AN population, except psychotic
and substance use disorders.

Measures
Once enrolled, study participants completed the following series of self-assessment
questionnaires:

Temperament and Character Inventory
Cloninger’s Temperament and Character Inventory is a 240-item self-assessment
questionnaire that examines personality based on 7 different dimensions. For this study, we
examined harm avoidance, novelty seeking, and reward dependence specifically, which are
temperament variables thought to be stable, heritable and mediated by neurotransmitter
activity in the central nervous system (9).

Eating Disorder Inventory-3
The Eating Disorder Inventory-3 (EDI-3) is an expanded and improved version of the
widely used Eating Disorder Inventory-2 developed by Garner (24-25). This 91-item
questionnaire assesses psychological and behavioral traits related eating disorder
development and maintenance. We examined the EDI-3’s Drive for Thinness (preoccupation
with weight and the pursuit of thinness), Bulimia (tendency towards bulimia-like binging
and purging), and Body Dissatisfaction (25). Higher scores on each of these subscales reflect
greater eating disorder pathology.

Reinforcement Sensitivity Theory Scales
SPSRQ—The Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ)
was developed directly as a means to measure Gray’s original RST theory. The SPSRQ is a
48-item scale in a yes/no format that provides a score for individual sensitivity to
punishment (SP), related to Gray’s original behavioral inhibition system, and a score for
sensitivity to reward (SR), related to behavioral activation system (15). Both the SP and SR
have shown satisfactory test re-test reliability and convergent and discriminant validity (15).
O’Connor, Colder et al. (2004) revised this original scale using confirmatory factor analysis
to trim 13 assessment items that did not load appropriately the original RST construct. We
employed this reduced version in the current study.

Behavioral Inhibition/Behavioral Activation Scale—Carver and White (1994)
developed the Behavioral Inhibition/Behavioral Activation Scale (BIS/BAS) based on
Gray’s earliest reinforcement sensitivity theory. It is a 24-item self questionnaire that yields
4 scales: one for behavioral inhibition and three inter-correlated sub-scores for the
behavioral activation system - reward responsiveness (RR), drive (DR), and fun seeking
(FS). RR measures response to receipt of anticipated rewards, DR measures goal-directed
behavior, and FS measures one’s willingness to approach new, potentially rewarding stimuli
(14). The original scale has high internal and test-retest reliability scores as well as
convergent and divergent validity (14). In response to revisions of the original RST, the BIS
score can also be analyzed as two separate sub-scales: a fight, flight, freeze (FFFS)-fear
score and a BIS-anxiety score (26). For this study, we examined the original 4-factor BIS/
BAS scale and the revised 5-factor model (26).

Both the 2-factor SPSRQ scale and the 4 and 5-factor BIS/BAS scale have been rigorously
tested through confirmatory factor analysis and shown to be appropriate measures for RST
in eating disorders (18).

Jappe et al. Page 4

Int J Eat Disord. Author manuscript; available in PMC 2012 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical Analyses
The SPSS statistical software package was used for data analysis. Independent-samples T-
tests were used to examine BIS/BAS scores as well as SPSRQ scores between the CW and
AN. In addition we explored in AN individuals with and without anxiety or depressive
disorder against CW, using three-group one way ANOVA analyses and Scheefe’s post hoc
test. Spearman Correlation analyses were also conducted to examine relations between the
SPSRQ, BIS/BAS, demographic, and behavioral data.

RESULTS
Demographic Variables (Table 1.)

CW and AN participants were matched for age. Average BMI for CW was greater compared
to AN. As measured by Cloninger’s TCI, AN participants had significantly lower levels of
novelty seeking and reward dependence, but higher levels of harm avoidance. AN
participants also reported significantly higher scores for EDI-3 subscales drive for thinness
(DT), body dissatisfaction (BD), and bulimia (B). TCI and EDI-3 scores were consistent
across age for both controls and the AN group.

SPSRQ, BIS/BAS Results (Table 2.)
Individuals with AN scored higher than controls on the SPSRQ sensitivity to punishment
(t=-8.512, p=<0.00001) as well as the SPSRQ sensitivity to reward (t=-2.947, p=0.005)
scale.

For the BIS/BAS, AN scored significantly higher on the BIS total score (t=-7.43,
p<0.00001), but not the BAS total score. Under the 5-factor BIS/BAS model, AN scored
higher on the BIS anxiety subscale (t=-7.58, p<0.00001) and the BIS FFFS fear scale
(t=-4.19, p<0.00001), but had decreased response to the BAS fun-seeking scale (t=2.76,
p=0.008). Unlike previous groups, we did not find any differences between AN-R and AN-
B/P subgroups. For both SPSRQ and BIS/BAS scales, only the BIS Anxiety subscale in CW
yielded a significant difference between age, where healthy individuals 18 years and over
reported higher scores than controls under 18 years (F=27.04, p=0.020). AN did not show
this difference across age for the BIS Anxiety scale. In addition, none of the remaining
scales (SPSRQ-SP, SPSRQ-SR, BIS Total, FFFS, BAS Total, RR, DR, FS) showed
significant within-group differences for age. In addition, when comparing AN and CW
participants under 18 years, AN continued to have increased SPSRQ-SP (p<0.0001) as well
as SPSRQ-SR (p=0.05), and when comparing those 18 years and over, AN also had greater
SPSRQ-SP (p<0.0001) and SPSRQ-SR (p=0.03), suggesting no significant effects of age.

Using a one-way ANOVA we also examined SPSRQ and BIS/BAS results between groups
with and without co-morbid anxiety or major depressive disorders (MDD). Anxiety disorder
comorbidity comparison: 14 AN met criteria for a concurrent anxiety disorder, and four AN
participants had multiple anxiety diagnoses: 5 social anxiety disorder, 1 specific phobia, 6
obsessive compulsive disorder, 2 post-traumatic stress disorder, 4 generalized anxiety
disorder. The SPSRQ-SP subscale showed lowest values in the CW (mean=2.51, SD=4.36)
followed by AN without (mean =4.08, SD=9.88) and AN with anxiety disorder (mean
=13.93, SD=3.05), and was significant between CW and AN (F=51.23) without (p<0.00001)
and with anxiety disorder (p<0.00001), as well as between AN with and without anxiety
disorder (p=0.003) (Figure 3). The SPSRQ-SR subscale showed significant differences
(F=4.63, p=0.019) between CW (mean=5.73, SD=5.73), and AN without anxiety (mean
=9.12, SD=3.69). BIS total score as well as BIS-anxiety were similar between AN with (BIS
Total mean =25.50, SD=2.59; BIS anxiety mean =15.21, SD=1.19) and without anxiety
disorder (BIS Total mean =23.35, SD=3.24; BIS anxiety mean=14.53, SD=1.81), but
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increased compared to CW (BIS Total mean=19.12, SD=2.42; BIS anxiety mean=11.61,
SD=1.84) in both of those groups (F=29.61, p<0.001). FFFS was similar between CW
(mean =7.52, SD=1.70) and AN without anxiety disorder (mean =8.82, SD=2.19), but
increased in AN with anxiety comorbidity (mean =10.29, SD=1.54) compared to CW
(F=11.98, p<0.001). Major depressive disorder (MDD) comorbidity comparison: Ten AN
had comorbid MDD. AN with (mean=13.20, SD=3.12) and without (mean=11.00, SD=4.43)
MDD had increased SPSRQ-SP values compared to controls (mean=4.36, SD=2.51;
F=40.09, p<0.01), and there was no significant difference between the two AN groups. AN
without MDD (mean=9.48, SD=3.66) had greater SPSRQ-SR compared to CW (mean=5.73,
SD=3.68; F=6.26, p=0.004), but not AN with MDD (mean=6.70, SD=4.57). AN with
(mean=25.60, SD=2.63) and without MDD (mean=23.71, SD=3.20) had increased BIS total
score compared to CW (mean=19.12, SD=2.42; F=30.66, p<0.001), as well as increased
FFFS (AN without MDD: mean=9.24, SD=1.81; AN with MDD: mean=10.00, SD=2.45;
CW: mean=7.52, SD=1.698; F=9.48, CW and AN without MDD p=0.006, CW and AN with
MDD p=0.002) and BIS anxiety (AN without MDD: mean=14.48, SD=1.75; AN with
MDD: mean=15.60, SD=0.67; CW: mean=11.61, SD=1.84; F=30.87, p<0.001). AN with
MDD (mean=35.90, SD=4.36) had decreased BAS Total scores compared to both controls
(mean=40.61, SD=5.26, p=0.027) and AN without MDD (mean=41.00, SD=3.82, p=0.024),
as well as decreased BAS drive scores compared to AN without MDD (p=0.018). Similarly,
BAS FS was only reduced in AN with MDD (mean=10.30, SD=2.95) compared to CW
(mean=12.64, SD=1.99, F=5.01, p=0.015).

Correlation Analyses
In CW, SPSRQ Sensitivity to Reward (SR) and SPSRQ Sensitivity to Punishment (SP) were
positively associated with each other (rho=0.705, p<0.001, two-tailed). Although EDI-3
scores for controls were in the normal, non-clinical range, in CW SP was related to body
dissatisfaction (rho=0.404, p<0.05). SR in CW was also correlated with both body
dissatisfaction (rho=0.386, p<0.05) and drive for thinness (rho=0.398, p<0.05). In addition,
in CW, all BIS scales positively correlated to reward dependence (BIS Total: rho=0.544,
p<0.01, FFFS: rho=0.430, p<0.05, BIS Anxiety: rho=0.426, p<0.05). The BIS-FFFS fear
scale showed positive associations with harm avoidance (rho=0.488, p=0.004), and the BAS
fun seeking scale correlated with novelty seeking scores (rho=0.468, p=0.006).

In participants with AN, SP was positively associated with TCI harm avoidance subscale
(rho=0.758, p<0.001), EDI-3 drive for thinness (rho=0.488, p<0.05), but negatively
associated with TCI novelty seeking (rho=-0.371, p<0.05). AN participants also showed
positive links between SP and all BIS scores (BISTotal rho=0.605, p<0.001; BIS anxiety
rho=0.418, p=0.019; BIS FFFS rho=0.649, p<0.001) as well as between SR and BAS Total
(rho=0.646, p<0.001), BAS reward responsiveness (rho=0.463, p=0.009), and BAS drive
(rho=0.764, p<0.001). In addition, harm avoidance was positively associated with BIS Total
score (rho=0.816, p<0.001), FFFS score (rho=0.776, p<0.001), BIS anxiety (rho=0.627,
p<0.001) and negatively associated with the BAS total score (rho=0.-524, p=0.002), BAS
drive (rho=-0.381, p=0.34), and BAS fun seeking (rho=-0.451, p=0.011). Drive for thinness
correlated positively with BIS Total (rho=0.468, p=0.008) and BIS FFFS scales (rho=0.499,
p=0.004).

DISCUSSION
This is, to our knowledge, the first study to apply the SPSRQ in individuals ill with AN
compared to controls. There were two main results: women with restricting or binge-purging
type AN reported higher SPSRQ sensitivity to punishment as well as higher SPSRQ
sensitivity to reward scores compared to CW. This possibly suggests that this group
possesses an oversensitive motivational system. These results were not determined by
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anxiety or depression comorbidity. Secondly, SPSRQ sensitivity to punishment and reward
were related to measures for temperament and eating disorder symptomatology. BIS results
were comparable to the SPSRQ-SP scale and consistent with previous studies, but lower
BAS scores in the AN group were related to major depression comorbidity.

The highly significant elevation in SPSRQ sensitivity to reward as well as punishment was
striking to us and may suggest an important clinical implication. AN patients are frequently
difficult to engage in treatment and do not seem to respond well to positive or negative
reinforcement related to eating behavior or weight gain from the environment or the
treatment team. AN patients may be overwhelmed by both rewards as well as stimuli
perceived as punishing, and in response may tend to avoid both. This does not mean that
behavioral interventions including rewards and consequences should not be used in
treatment; however, the data might advocate for making treatment extremely predictable and
emphasizing the need to create a therapeutic environment that is focused on engaging the
patient’s own motivation, rather than simply a system of rewards and consequences, in order
to accomplish long-term recovery.

Our study population was comparable to previous studies (6) in terms of clinical assessment
results, such as EDI-3 values in the clinical range together with high harm avoidance but
low novelty seeking and reward dependence. The SPSRQ scores in our study were lower
compared to Beck’s findings (18) but this is largely due to the fact that we reduced the total
item numbers of the questionnaire in order to improve factor loading (27). Our BAS/BIS
results are also comparable with Claes (19) who showed reduced BAS fun seeking but
increased BIS total score in AN. Unlike this group, however, we did not find differences
between AN subtypes. Similarly, only the BIS anxiety subscale in healthy controls yielded a
significant age difference, where younger controls reported lower BIS anxiety. All other
scales across groups were consistent for participants under 18 years compared to those 18
years and older. Furthermore, our data supports that it is important to assess comorbid
anxiety and depressive disorder, since anxiety is associated with higher SPSRQ-SP, while
MDD is associated with lower SPSRQ-SR.

Although both the BIS/BAS and SPSRQ were both developed as a measure of Gray’s RST,
the two scales posses dissimilarities that may help explain slight differences between CW
and AN participants when comparing these instruments, especially in regards to behavioral
activation. The BIS/BAS scale examines reward and punishment sensitivity to general or
non-specific stimuli. For example, “Even if something bad is about to happen to me, I rarely
experience fear of nervousness.” The BIS/BAS does not aim to measure how one typically
responds to an explicit situation, but rather how they might respond given a general
circumstance; it examines non-specific reinforcement. The SPSRQ, developed more
recently, examines specific reinforcement to rewards. Where the SP subscale measures the
behavioral inhibition system in more ambiguous situations, like Carver and White’s BIS/
BAS (14), the SR subscale measures sensitivity to overt stimuli, such as those involving
money, power, sensation seeking, etc. (13).. For example, “Does the good prospect of
obtaining money motivate you strongly to do some things?” Both scales attempt to capture
individual differences in RST; however, it is possible the differences in question type and
response format between the two scales account for disparities observed between the BIS/
BAS and SPSRQ in CW and AN groups. Given that AN patients are cognitively rigid and
show high verbal skills (28-29), it is possible that AN respond differently to the more
specific questions in the SPSRQ. Further research is needed to confirm and explore
divergence between subscales of these two instruments. The SPSRQ might be a sensitive
instrument for assessing RST sensitivity. Our SPSRQ results are in line with those of Loxton
and Dawe’s BIS/BAS results (20-21) who showed in a non-diagnosed college sample that
both increased sensitivity to reward as well as punishment were predictive of eating
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problems. Also comparable to prior research (20-21) sensitivity to punishment in the present
study correlated positively with EDI-3 body dissatisfaction in CW whereas sensitivity to
reward correlated with drive for thinness. In AN, sensitivity to punishment correlated with
drive for thinness. Harm avoidance correlated positively with SPSRQ-SP in the AN group,
but not in CW. It is possible that the severity of eating disorder thoughts and behaviors could
be related to or driven by higher SPSRQ scores, or that increasing severity of AN may be
associated with increasing sensitivity to reward and punishment. Furthermore, the positive
correlation of harm avoidance with SPSRQ-SP might support the notion that stimulus
avoidance might be driven by high sensitivity to potential punishment. Duration of illness
was not associated with SPSRQ or BIS/BAS scores. The positive correlations between SP
and SR in the CW fit within the RST model as BIS/BAS reflect separate and distinct
underlying physiological systems, each responsive to different reinforcing stimuli (11).

A few studies have found relationships between measures for reward sensitivity and brain
biology. Through genetic analysis, the DRD2 A1 allele has been linked to reward sensitivity
as measured by both the SPSRQ and BIS/BAS (30-31). Voxel-based morphometry methods
have shown associations between sensitivity to punishment and gray matter volume in the
amygdala and hippocampal area (32). Various brain alterations have been reported in AN
(33) and future brain imaging studies should assess whether the increased reward and
punishment sensitivity in AN in this study can be replicated and correlated with specific
brain function abnormalities.

The primary study limitation was the relatively small sample size; however participant
numbers were comparable with previous studies (18-19). In addition, SPSRQ SR subscale
(d=0.74) and BIS Fun Seeking scale (d=-0.69) yielded medium effect sizes, and the SPSRQ
SP (d=2.17) subscale, BIS Total (d=1.87), BIS Anxiety (d=1.88), and BIS FFFS scale
(d=1.05) yielded large effect sizes as measured by Cohen’s d (34-35). Second, our results
are taken from a self report questionnaire without objective rater or biologic assessment.
Third, AN participants were not recruited from a uniform level of care (inpatient and day
hospital setting). In order to acquire a uniform as possible sample, we did require that
individuals enrolled with AN complete all self-assessments while at low weight status,
below 85% of ideal body weight for age and height, and met full AN criteria at the time of
the study. All study procedures were done within the first, and occasionally within the
second week after admission. While we cannot exclude it, we do not have any indication
that early weight restoration, and maybe mostly re-feeding in this case, has significant
effects on our outcome measures. There were no significant correlations found between BMI
and RST measures for the AN group. This is, however, an important question and we will
address this question in the future with application of the questionnaires after short and long
term weight restoration and recovery. Lastly, the SPSRQ scale was originally developed and
presented in the Catalan language. It has been translated from this original version to
English (15,27), and possible differences between versions may affect responses collected in
the two countries, although the recent validation study of the questionnaire (18) suggests its
validity.

In conclusion, AN individuals appear to have elevated sensitivity to rewards and punishment
based on the SPSRQ compared to healthy women. Patients with AN often present with rigid
cognitive styles, perfectionism, and harm avoidant behaviors. Such behaviors could be a
means of attempting to control an increased reactivity to reward and punishment. Anxious,
harm-avoidant behavior, for example, may reduce one’s experience and exposure to
emotionally laden stimuli, good or bad, and mediate reactivity of the Reinforcement
Sensitivity system. Further research is necessary in order to explore potential relationships
between SPSRQ findings and underlying brain biology, as well as implications for adapting
therapeutic interventions for improved outcomes in the treatment of AN.
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Figure 1.
Scatter plot graph for SPSRQ Sensitivity to Reward subscale data comparing healthy control
participants (CW; n=33) to individuals with anorexia nervosa (AN; n=31). Data illustrated
yielded p-value p=0.005 and effect size d=0.74.
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Figure 2.
Scatter plot graph for SPSRQ Sensitivity to Punishment subscale data comparing healthy
control participants (CW; n=33) to individuals with anorexia nervosa (AN; n=31). Data
illustrated yielded p-value <0.00001 and effect size d=2.17.
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Figure 3.
Scatter plot graph for SPSRQ Sensitivity to Punishment subscale data comparing healthy
control participants (CW; n=33) to anorexia nervosa (AN) without concurrent anxiety
disorder (n=17) and AN with a co-morbid anxiety diagnosis (n=14). Data yielded significant
differences in SP scores between all three groups (F=51.23): CW and AN without anxiety
disorder (p<0.00001) and with anxiety disorder (p<0.00001), as well as between AN with
and without anxiety disorder (p=0.003).
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