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ARTICLE INFO ABSTRACT

Keywords: Persons with opioid use disorder (OUD) often experience anhedonia and demoralization, yet there is relatively
Opioid use disorder little research on the pathophysiology of anhedonia and demoralization in OUD treatment and recovery. In the
Anhedonia current study, persons maintained on methadone (N = 29) underwent a natural reward-cue paradigm during
PD:;ZT;T:S?EX functional near-infrared spectroscopy (fNIRS) imaging. Natural reward cues included highly palatable food,
Methadone positive social interactions (e.g., a happy family at the dinner table), and emotional intimacy (e.g. couples

embracing or kissing, but no erotic images). Participants also self-reported symptoms of anhedonia on the Snaith-
Hamilton Pleasure Scale (SHPS) and demoralization on the Demoralization Scale II (DS-II). Participants who
reported clinically-significant anhedonia on the SHPS displayed decreased neural activity in the right prefrontal
cortex (PFC) in response to natural reward cues (F(1,25) = 3.612, p = 0.027, ng = 0.302). In linear regression
models of positive social cues, decreased neural activity in the right VMPFC was associated with increased SHPS
total score (F(1,27) = 7.131, R?= 0.209, p = .013), and decreased neural activity in an area encompassing the
right lateral VMPFC and DLPFC was associated with increased DS-II total score (F(1,27) = 10.641, R? = 0.283, p
= 0.003). This study provides initial evidence that the prefrontal cortex is involved in the pathophysiology of
anhedonia and demoralization in persons in recovery from OUD. Anhedonia and demoralization are important
treatment outcomes that should be queried along with a constellation of physical and mental health outcomes, to
assess areas of needed improvement in methadone maintenance and other OUD treatment modalities.

Depressive symptoms
Medications for opioid use disorder

1. Introduction reduce or eliminate illicit opioid use — which is highly important — but

might not include interventions to improve other physical and mental

The United States continues to face a deadly and protracted opioid
crisis that claimed over 48,000 lives in opioid-related overdose deaths in
2018 (Wilson, 2020). This unprecedented crisis has motivated the field
of opioid use disorder (OUD) treatment to search for ways to enhance
existing OUD treatment strategies to improve outcomes for those who
are struggling to establish recovery from OUD (Bell & Strang, 2019).
Maintenance on the OUD pharmacotherapy methadone remains a gold
standard treatment for OUD (Volkow, Frieden, Hyde, & Cha, 2014).
However, the primary goal of many methadone treatment programs is to

health outcomes that promote healthy, sustained recovery from OUD.
There is an emerging body of literature regarding anhedonia, or an
impaired capacity to experience pleasure (Snaith et al., 1995), as a key
clinical feature in the progression and treatment of OUD (Destoop,
Morrens, Coppens, & Dom, 2019; Kiluk, Yip, DeVito, Carroll, & Sofuo-
glu, 2019; Koob & Le Moal, 1997; Stevens, Peschk, & Schwarz, 2007).
Previous studies have reported associations between anhedonia or low
positive affect and opioid-specific treatment outcomes including
increased craving and illicit drug relapse (Garfield et al., 2017; Huhn,
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Harris et al., 2016; Huhn et al., 2019). While there are relatively robust
preclinical data regarding the neurobiology of devaluation of natural
reward in favor of misused or illicit drugs (Carroll, Morgan, Lynch,
Campbell, & Dess, 2002; Grigson & Twining, 2002; Koob & Volkow,
2010), relatively few studies have assessed the underlying pathophysi-
ology of response to natural rewards in human models of OUD. In human
laboratory studies, individuals with current heroin use have self-
reported lower ratings of positively-valanced visual stimuli compared
with persons who had recently achieved abstinence (De Arcos et al.,
2008), and in brain imaging studies, persons with OUD displayed
decreased neural activity in the left amygdala and posterior cortex
(Wang et al., 2010), and in the ventromedial (VM) and dorsolateral (DL)
prefrontal cortices (PFC) in response to naturally rewarding visual
stimuli compared with healthy controls (Huhn, Meyer et al., 2016;
Zijlstra, Veltman, Booij, van den Brink, & Franken, 2009).

These findings are consistent with a more general neurobiological
model of anhedonia suggesting that responses to natural rewards are
blunted as a result of decreased activity in neural reward circuits. For
example, self-reported anhedonia is associated with decreased dopa-
mine signaling from the ventral tegmental area to the nucleus accum-
bens and downregulation of p opioid receptors in the nucleus
accumbens, as well as decreased activity in areas associated with allo-
cation of attention and reward processing including the rostral anterior
cingulate cortex, VMPFC, and DLPFC (Der-Avakian & Markou, 2012;
Park et al., 2009; Zijlstra et al., 2009). There is some evidence that self-
reported anhedonia improves during protracted abstinence in opioid
and other substance use disorders (Janiri, Martinotti, Dario, Reina,
Paparello, Pozzi, & De Risio, 2005), yet neuroimaging studies on persons
with methamphetamine use disorder suggests that even though there is
some evidence of neural reregulation during protracted abstinence,
decreased neural reward activity associated with anhedonia might
persist for over a year (Wang et al., 2004). Moreover, there is little in-
formation available regarding anhedonia in patients on opioid mainte-
nance therapies such as methadone, given that the majority of research
on anhedonia and OUD has been in the context of post-withdrawal
sequelae in abstinence-only treatment models.

Many individuals maintained on methadone might also experience
feelings of demoralization, which is defined as a deprivation of spirit,
courage, morale, or discipline and often conceptualized as an existential
challenge (Robinson et al., 2016). Similar to anhedonia, research on the
experience of demoralization in persons with OUD and specifically
persons maintained on methadone is scarce. Higher levels of demoral-
ization have been associated with more perceived psychosocial stress
and greater risk for alcohol and drug use among veterans (Harling,
Strehmel, Schablon, & Nienhaus, 2009), though the role of demoral-
ization has often been lumped in with other measures of psychosocial
stress (Moos, 2003). In addition, demoralization has been noted in
relation to the economic burden on geographic areas or communities
affected by opioid use (Mark, Woody, Juday, & Kleber, 2001). To our
knowledge, the discrete pathophysiology of demoralization has not been
reported. In general, demoralization and anhedonia are seen as inde-
pendent constructs that are distressing to patients and may either
contribute to the experience of depressive symptoms or be experienced
in the context of other chronic illnesses, such as major depressive dis-
order or cancer (Angelino & Treisman, 2001; Clarke, Kissane, Trauer, &
Smith, 2005).

Persistent anhedonia and feelings of demoralization are important
yet often overlooked treatment outcomes for OUD patients, and under-
standing more about these constructs from a biopsychosocial perspec-
tive is imperative to developing interventions that improve OUD
recovery. We previously reported that greater self-reported anhedonia
and demoralization were associated with more illicit drug use in persons
maintained on methadone (Huhn et al., 2019), however the biological
underpinnings of anhedonia and demoralization in these individuals are
not well-understood. The current study combined a natural reward cue
reactivity task with functional near-infrared spectroscopy (fNIRS)
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imaging to examine the relationship among PFC function, anhedonia,
and demoralization. We hypothesized that individuals maintained on
methadone with clinically-significant levels of self-reported anhedonia
would display decreased neural response to natural reward cues in the
right DLPFC and VMPFC. We further hypothesized that decreased neural
response to positive social cues in the VMPFC would be associated with
increased self-reported anhedonia and demoralization.

2. Methods
2.1. Participants

Persons maintained on methadone were recruited from an opioid
treatment program for a single study session that included an fNIRS-
adapted cue reactivity task and self-reported questionnaires, and par-
ticipants were tracked for 90-days post-study session to determine
opioid and other drug use outcomes e.g., percent negative urine screens
for opioids or any illicit drugs, which were collected as part of routine
treatment; primary opioid use outcomes have been previously reported
(Huhn et al., 2019). Inclusion criteria were (1) enrolled in methadone
maintenance treatment for OUD, (2) aged 18 years or older, (3) right
handedness, (4) passed an intoxication test at the time of their metha-
done dose and study session, and (5) willing to comply with study
protocol. Exclusion criteria were (1) diagnosis of schizophrenia, bipolar
disorder, any psychiatric condition with psychotic features, or dementia,
and (2) < 3 weeks or > 18 months in methadone treatment, to exclude
individuals who might be at the highest or lowest risk of relapse, and/or
(3) a significant clinical problem that would compromise patient care.
The Johns Hopkins Institutional Review Board approved the study
protocol and all participants provided informed consent.

2.2. Assessments

The study session began directly after daily methadone dosing.
Participants initially completed questionnaires concerning de-
mographics and drug use history (McLellan, Cacciola, & Zanis, 1997), a
clinical assessment of current depressive symptoms via the 17-item
Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960), assess-
ment of anhedonia or the inability to experience pleasure from natural
rewards (score > 3 indicates clinically significant anhedonia) via the
Snaith-Hamilton Pleasure Scale (SHPS) (Snaith et al., 1995), and
assessment of demoralization, defined as a depravation of morale or an
existential challenge with independent components related to meaning
and purpose and distress and coping ability, via the 16-item Demoraliza-
tion Scale II (DS-II) (Robinson et al., 2016).

2.3. Natural reward cue reactivity

The fNIRS-adapted natural reward cue reactivity task was adminis-
tered two hours after the participants’ methadone dose, which ensured
experimental control by assessing neural processing at the peak effects
of methadone (Dale, Sheffels, & Kharasch, 2004; Langleben et al., 2008).
Visual stimuli consisted of three categories of hedonically positive pic-
tures (i.e. natural reward cues) — highly palatable food, positive social
interactions (e.g., a happy family at the dinner table), and emotional
intimacy (e.g. couples embracing or kissing, but no erotic images), as
well as emotionally neutral stimuli (Bunce et al., 2015; Huhn, Meyer
et al., 2016). Natural reward and neutral images were selected from the
International Affective Picture System (Lang, Bradley, & Cuthbert,
1997). Images were presented on a 16-inch monitor (75 Hz refresh rate)
using E-Prime software (Psychology Software Tools Inc., PA). Positive
reward stimuli were presented in 25 s blocks comprised of 5 pictures
from a single category (e.g. positive social, neutral), each displayed for
5 s. The order of images within blocks and the order of blocks within the
experiment were randomized for each individual. A black screen with a
crosshair in the center was shown for 15 s between blocks to allow
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hemodynamic response to return to baseline.
2.4. Functional Near-infrared spectroscopy measurement and processing

fNIRS measures regional changes in cerebral blood flow (an indirect
measure of neural activity) by detecting infrared light spectra for
oxygenated and deoxygenated hemoglobin (Ferrari & Quaresima, 2012;
Villringer & Chance, 1997). Data were recorded using a continuous
wave system (fNIR1200, fNIR Devices, LLC, USA) and a 4 x 10 (4 LED
light sources and 10 photodetectors) optode set yielding 16 channels
(Ayaz et al., 2011). Hemodynamic response was recorded using COBI
Studio during each 25-second block (positive and neutral). Sensors were
located by aligning the bottom row of optodes with the International
10-20 sites F7, FP1, FP2, F8 line (Ayaz et al., 2012; Jasoer, 1958). This
placement situated the sensor over bilateral VMPFC (Brodmann Area
10) and VL/DLPFC (Ayaz et al., 2006; Okamoto et al., 2004).

fNIRS data processing used raw light intensity from 16 optodes with
two wavelengths that were low-pass filtered with a finite impulse
response, with a linear phase filter with order 20 and a cut-off frequency
of 0.1 Hz (to attenuate high frequency noise, respiration, and cardiac
cycle effects). All data were inspected for potential saturation and mo-
tion artifact contamination by means of a coefficient of variation-based
assessment (Ayaz, Izzetoglu, Shewokis, & Onaral, 2010) and were cor-
rected for motion artifacts. The final output of each optode was change
from baseline oxygenated hemoglobin (HbO) during 25 sec blocks of
time when participants were viewing positive natural rewards or neutral
visual stimuli. For each participant, a mean change from baseline HbO,
was calculated for each positive or neutral condition in each of the 16
optodes, then the neutral condition was subtracted from the positive
condition to control for attending to visual stimuli. Increased or
decreased HbO, was treated as a secondary marker of increased or
decreased neural activity, respectively.

2.5. Statistical analyses

Demographic and drug use characteristics were compared between
participants who did versus did not endorse clinically-significant anhe-
donia (evidenced by a score of > 3 on the SHPS) via Independent-sample
t-tests or chi-squared analyses, as appropriate. Group differences in
response to positive natural rewards was assessed using analysis of
covariance (ANCOVA) for participants who did or did not endorse
clinically-significant anhedonia; while there were no significant differ-
ences in demographic or drug use characteristics, this analysis
controlled for days in treatment and methadone dose because group
differences in those variables may have been clinically-meaningful
(Table 1). Linear regression was then used to examine the association
between neural activity while viewing positive natural rewards and
outcomes including the HAM-D, SHPS, and DS-II total scores, as well as
percent opioid-negative and/or all illicit drug-negative urine screens
during the 90-day follow-up. Urine drug screens were collected by the
treatment center at daily methadone dosing, and thus missed urine
screens would correspond to missed methadone doses and relapse. As an
exploratory analysis, linear regression was also utilized to examine the
association between viewing positive social stimuli and the aforemen-
tioned outcomes. Given that results were significant, a hierarchical
regression model was conducted, controlling for days in treatment and
methadone dose in the first block, and SHPS or DS-II results in the sec-
ond block. Results were reported as change in F or R% For all fNIRS
analysis, >3 adjacent optodes had to be independently significant at p <
.05 via independent-samples t-tests or linear regression before optodes
were clustered for final analyses. All other analyses were considered
significant at p < .05. Statistical analyses were performed in SPSS
version 25 (IBM, Armonk, NY).
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Table 1
Participant Characteristics.
Did Not Endorse Clinically tor 2 (p-
Anhedonia (n = Significant value)
20) Anhedonia (n = 9)
Age in years M (SD) 42.1 (13.2) 42.0 (14.9) 0.18
(0.986)
Sex (% Male) 55.0 66.7 0.35
(0.555)
Race (% White) 80.0 100 2.01
(0.148)
Ethnicity (% Hispanic) 5.0 0 0.47
(0.495)
Years Education M (SD) 12.9 (2.9) 11.6 (2.4) 1.16
(0.256)
Living Situation (% 10.0 0 0.97
Homeless) (0.326)
Methadone Dose mg M 73.2 (22.6) 81.5 (24.1) —0.89
(SD) (0.399)
Days in Treatment M 159.3 (181.1) 231.6 (191.7) —0.98
(SD) (0.337)
Past 30-day Drug Use at Baseline
Heroin Days M (SD) 2.2 (6.7) 4.0 (7.2) —0.66
(0.518)
Opioid Days M (SD) 0.6 (1.7) 0.8 (2.3) —-0.30
(0.766)
Cocaine Days M (SD) 6.4 (11.4) 3.4 (6.6) 0.87
(0.395)
Alcohol Days M (SD) 0.8 (2.4) 0.4 (1.3) 0.41
(0.687)
Marijuana Days M (SD) 3.9 (9.5) 1.3(3.3) 0.76
(0.452)
Benzodiazepine Days 0.4 (0.9) 0.3 (1.0) 0.04
M (SD) (0.966)
Lifetime Years of 5.9 (7.5) 7.1(9.3) -0.37
Heroin Use M (SD) (0.711)
Lifetime Years of Rx 6.3 (6.5) 7.6 (8.5) —0.48
Opioid Use M (SD) (0.634)
Lifetime Years of 3.6 (6.3) 3.6 (3.8) 0.18
Cocaine Use M (SD) (0.986)
Lifetime Diagnosis 35.0 33.3 0.01
Depression (%) (0.930)
CNS-active Medications (%)
SSRI 20.0 11.1 0.34
(0.558)
Trazodone 25.0 11.1 0.73
(0.393)
Gabapentin 15.0 11.1 0.08
(0.779)

M = mean, SD = standard deviation, RX = prescription, SSRI = selective sero-
tonin reuptake inhibitor, SARI = serotonin antagonist and reuptake inhibitor.

3. Results

Thirty individuals maintained on methadone were recruited into this
study and one was excluded for excessive head movement during fNIRS
imaging, resulting in a final N = 29. Regarding drug use outcomes, 12/
29 participants tested positive for opioids during the 90-day follow-up
and these individuals provided a mean (SD) 41.5% (28.6) opioid-
positive urine drug screens; 17/29 participants tested positive for any
illicit drug, including opioids, cocaine, marijuana, and/or benzodiaze-
pines during follow-up and these individuals provided a mean (SD)
83.0% (26.1) illicit drug-positive urine screens. Participants who did (n
= 9) versus did not (n = 20) endorse clinically significant anhedonia on
the SHPS were similar in mean (SD) age [42.0(14.9) years vs 42.1(13.2)
years], sex (66.7% vs 55.0% male), and race (80% vs 100% white). No
significant differences in demographics or drug use history were
observed (Table 1). In addition, participants who did versus did not
endorse clinically significant anhedonia did not differ in HAM-D scores
[11.44(9.03) vs 9.70(8.30); t(27) = —0.51, p = .614], and displayed
marginally greater DS-II total scores [12.78(9.99) vs 7.30(6.64); t(27) =
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~1.75, p = .091].

Participants who did versus did not endorse clinically-significant
anhedonia displayed decreased neural activity in the right PFC in
response to natural reward cues when controlling for days in treatment
and methadone dose (F(1, 25) = 3.612, p = 0.027, ng =0.302; Fig. 1).In
linear regression models of positive social cues, decreased neural ac-
tivity in the right VMPFC was associated with increased SHPS total score
(F(1,27)=7.131, R?= 0.209, p = .013), and decreased neural activity in
an area encompassing the right lateral VMPFC and DLPFC was associ-
ated with increased DS-II total score (F(1,27) = 10.641, R? = 0.283,p =
0.003; Fig. 1). In a hierarchical regression model of positive social cues
that controlled for days in treatment and methadone dose, decreased
neural activity in the right VMPFC was marginally associated with
increased SHPS total score (AF(1,25) = 3.98, AR? = 0.098, p = 0.057),
and decreased neural activity in an area encompassing the right lateral
VMPFC and DLPFC was associated with increased DS-II total score (AF
(1, 25) = 10.604, AR? = 0.278, p = 0.003). Decreased PFC activity
during the natural reward-cue paradigm was not associated with HAM-D
total score or opioid use during the 90-day follow-up based on a priori
criteria that > 3 adjacent optodes were independently significant at p <
.05. Decreased PFC activity in response to social cues was observed in
two optodes in the VLPFC (optodes 12 and 14 — see Fig. 1 for reference)
that were associated with any illicit substance use during the 90-day
follow-up (t(27) = 2.055, p = .05), but since this activity was not sig-
nificant in > 3 adjacent optodes, it was not considered significant for the
purpose of this study.

4. Discussion

This study provides initial evidence that the prefrontal cortex is
involved in the pathophysiology of anhedonia and demoralization in
persons in recovery from OUD. More specifically, the results of this study
demonstrated that persons maintained on methadone who self-reported
clinically-significant levels of anhedonia display decreased neural ac-
tivity in the right PFC when compared with methadone patients who did
not report clinically significant anhedonia (Fig. 1). Moreover, study
results demonstrated that decreased neural activity in the right VMPFC
and an area encompassing the right lateral VMPFC and DLPFC while
viewing positive social stimuli was associated with symptoms of anhe-
donia and demoralization, respectively. Previous neuroimaging studies
in persons with OUD who were abstinent from opioids have also found
decreased neural activity in the VM/DLPFC in response to naturally
rewarding visual stimuli (Huhn, Meyer et al., 2016; Zijlstra et al., 2009),
and there is some evidence that anhedonia is related to reduced neural
activity in brain reward pathways during protracted abstinence from
methamphetamine use (Wang et al., 2004), although longitudinal neu-
roimaging studies are necessary to better understand the course and
consequence of anhedonia and brain function in OUD patients. While
neuroimaging results were not significantly associated with opioid use
during the 90-day follow-up in this study, it is possible that this study
was under-powered to detect a significant relationship. Decreased
response to social cues in a small portion of the right VLPFC was asso-
ciated with any illicit drug use during follow-up, but these results did not
meet our a priori criteria for inclusion; studies with larger samples, use of
other natural reward stimuli such as individualized scripts (Seo et al.,
2013), or studies that use fMRI to examine functional connectivity
during natural reward-cue paradigms might further elucidate the rela-
tionship among brain response, anhedonia, demoralization, and
continued illicit drug use.

It is noteworthy that anhedonia and demoralization may be deeply
troubling to patients and are important treatment outcomes, indepen-
dent of relapse, that should be the target of interventions for persons
maintained on methadone. In a previous study with this patient sample,
we demonstrated that self-report measures of anhedonia and demoral-
ization were associated with opioid and any illicit drug use during the
90-day follow-up (Huhn et al., 2019). Nonetheless, emphasizing
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outcomes other than opioid use is consistent with broader changes in the
field of OUD treatment, which is increasingly recognizing the need to
develop comprehensive treatments that address a wider array of patient
physical and mental health problems (Hsu, Marsteller, Kachur, & Fin-
gerhood, 2019; Mahoney, Reich, & Urbanek, 2019). Elucidating the
underlying pathophysiology of anhedonia and demoralization in this
population could lead to novel treatment approaches to improve quality
of life in recovery. Potential treatments include transcranial magnetic or
direct current stimulation, cognitive behavioral therapy, and/or phar-
macological interventions that improve depressive symptoms (Dunn,
Huhn, Bergeria, Gipson, & Weerts, 2019; Lalanne et al., 2017; McHugh,
Hearon, & Otto, 2010; Nakamura-Palacios et al., 2016; Salling & Mar-
tinez, 2016; Spano et al., 2019). Brain stimulation techniques may be
particularly relevant in treating OUD and anhedonia, as a study using
continuous theta burst stimulation of the VMPFC demonstrated reduced
drug and alcohol cue-reactivity (Kearney-Ramos et al., 2018), and a
study using repeated transcranial magnetic stimulation in persons with
cocaine use disorder demonstrated improvements in craving scores and
depressive symptoms, including anhedonia, after 4 weeks of treatment
(Pettorruso et al., 2019).

Anhedonia was prevalent in this sample, evidenced by the fact that
nearly one-third of participants endorsed clinically-significant anhe-
donia on the SHPS (Table 1). Participants who did versus did not
endorse clinically-significant anhedonia did not report significantly
greater depressive symptoms via the HAM-D; while anhedonia is a
symptom of major depressive disorder (Treadway & Zald, 2011), it is
also an independent construct that might reflect abnormal hedonic tone
or persistently low positive affect (Rizvi, Pizzagalli, Sproule, & Kennedy,
2016; Treadway & Zald, 2011), regardless of other depressive symp-
toms. Participants who did versus did not endorse clinically-significant
anhedonia also reported marginally higher scores on the DS-II, sug-
gesting greater levels of demoralization. These results did not reach the
level of statistical significance but may still be clinically-meaningful. We
previously reported that anhedonia and demoralization shared 29.2%
variance with one another in this patient sample, suggesting that these
clinical phenomenon are related to each other in OUD recovery (Huhn
et al., 2019). Still, anhedonia and demoralization are — by definition —
separate constructs that might independently or concurrently be dis-
tressing to persons in OUD recovery. There is almost no research on
demoralization in OUD, yet the real-world experience of many persons
with OUD suggests that demoralization is present within this patient
population and that it may serve as a barrier to persons initiating
treatment and achieving sustained recovery. More research is needed to
better understand how low positive affect, high negative affect, and
psychosocial stress might contribute to feelings of demoralization, as
well as the role of demoralization in self-defeating behaviors that are
often expressed in persons with OUD (Goldstein & Volkow, 2011).

This study is limited by a small sample size, although the sample in
this study is similar to other neuroimaging studies of persons with OUD
(Wang et al., 2010, 2011; Zijlstra et al., 2009). This study is also limited
by the lack of racial/ethnic diversity of participants. Although fNIRS
does not provide an assessment of neural activity in sub-cortical brain
regions, it has several strengths for use in clinical settings. These include
its portability and ease of use relative to fMRI, which would facilitate its
deployment in clinical settings to assess the trajectory of healthy re-
covery from OUD, including improvements in PFC response to natural
rewards. Finally, this study provided valuable cross-sectional evidence
of a positive signal and future research could utilize a repeated measures
design with fNIRS to examine possible improvements in both neural
function and self-reported anhedonia or demoralization.

5. Conclusion
In conclusion, this study provides initial evidence that PFC response

to natural rewards could be used as a biological marker of anhedonia
and demoralization in persons receiving methadone for the treatment of
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Fig. 1. Functional near-infrared spectroscopy (fNIRS) results from a natural reward cue reactivity task. All analyses represent baseline-corrected change in
oxygenated hemoglobin in response to natural reward minus neutral cues, controlling for days in treatment and methadone dose. A) Group differences between
methadone patients that did or did not endorse clinically-significant anhedonia on the Snaith-Hamilton Pleasure Scale (SHPS). Results represent all natural reward
categories (food, social, and intimate stimuli). B) Regression analysis of response to positive social stimuli and SHPS. C) Regression analysis of response to positive
social stimuli and the Demoralization II scale.
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OUD. This study demonstrated that decreased PFC activity in response
to natural rewards - and specifically positive social interactions — was
associated with increased self-reported anhedonia and demoralization.
Anhedonia and demoralization are, in and of themselves, distressing to
patients. These data support additional research to further evaluate the
prevalence, consequences, and correlates of anhedonia and demoral-
ization in persons with OUD, and suggests that these domains should be
queried along with a constellation of physical and mental health out-
comes, to assess areas of needed improvement in methadone mainte-
nance and other OUD treatment modalities.

6. Contributors

AH, RB, and KD designed the study. All authors contributed to
manuscript preparation and revision of the manuscript. AH and HA are
responsible for data processing and data analyses.

CRediT authorship contribution statement

Andrew S. Huhn: Conceptualization, Funding acquisition, Super-
vision, Investigation, Writing - review & editing, Formal analysis, Vali-
dation, Visualization, Data curation, Investigation, Methodology.
Robert K. Brooner: Conceptualization, Funding acquisition, Supervi-
sion, Investigation, Writing - review & editing. Mary M. Sweeney: Data
curation, Investigation, Methodology, Writing - original draft, Writing -
review & editing. Denis Antoine: Writing - original draft, Writing -
review & editing. Alexis S. Hammond: Writing - original draft, Writing
- review & editing. Hasan Ayaz: Formal analysis, Validation, Visuali-
zation. Kelly E. Dunn: Conceptualization, Funding acquisition, Super-
vision, Investigation, Writing - review & editing.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
HA was involved in the technology development of the brain-imaging
instrument manufactured by fNIR Devices, LLC and owns a minor
share of the firm. fNIR Devices, LLC manufactures the optical brain
imaging instrument and licensed IP and know-how from Drexel Uni-
versity. ASH receives research funding from Ashley Addiction Treatment
through his university. The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Acknowledgements

We thank Kori Kindbom and her clinical research support team for
their help in conducting this study, and the Addiction Treatment Ser-
vices program patients whose participation made it possible. The work
described in this manuscript was funded by the National Institute on
Drug Abuse: NIDA R01DA034047 (Dunn) and UG3DA048734 (Huhn).
The National Institute on Drug Abuse had no role in data collection,
interpretation, or in the writing of this manuscript.

References

Angelino, A. F., & Treisman, G. J. (2001). Major depression and demoralization in cancer
patients: Diagnostic and treatment considerations. Supportive Care in Cancer, 9(5),
344-349.

Ayaz, H., Izzetoglu, M., Platek, S. M., Bunce, S., Izzetoglu, K., Pourrezaei, K., & Onaral, B.
(2006). Registering fNIR data to brain surface image using MRI templates. Paper
presented at the 2006 International Conference of the IEEE Engineering in Medicine
and Biology Society, 2671-2674.

Ayaz, H., Izzetoglu, M., Shewokis, P. A., & Onaral, B. (2010). Sliding-window motion
artifact rejection for functional near-infrared spectroscopy. Paper presented at the
2010 Annual International Conference of the IEEE Engineering in Medicine and
Biology, 6567-6570.

Addictive Behaviors 113 (2021) 106673

Ayaz, H., Shewokis, P. A., Bunce, S., Izzetoglu, K., Willems, B., & Onaral, B. (2012).
Optical brain monitoring for operator training and mental workload assessment.
Neurolmage, 59(1), 36-47.

Ayaz, H., Shewokis, P. A., Curtin, A., Izzetoglu, M., Izzetoglu, K., & Onaral, B. (2011).
Using MazeSuite and functional near infrared spectroscopy to study learning in
spatial navigation. JoVE (Journal of Visualized Experiments), 56, Article e3443.

Bell, J., & Strang, J. (2019). Medication treatment of opioid use disorder. Biological
Psychiatry, 87(1), 82-88.

Bunce, S. C., Harris, J. D., Bixler, E. O., Taylor, M., Muelly, E., Deneke, E., ... Meyer, R. E.
(2015). Possible evidence for re-regulation of HPA axis and brain reward systems
over time in treatment in prescription opioid-dependent patients. Journal of
Addiction Medicine, 9(1), 53-60.

Carroll, M. E., Morgan, A. D., Lynch, W. J., Campbell, U. C., & Dess, N. K. (2002).
Intravenous cocaine and heroin self-administration in rats selectively bred for
differential saccharin intake: Phenotype and sex differences. Psychopharmacology,
161(3), 304-313.

Clarke, D. M., Kissane, D. W., Trauer, T., & Smith, G. C. (2005). Demoralization,
anhedonia and grief in patients with severe physical illness. World Psychiatry, 4(2),
96.

Dale, O., Sheffels, P., & Kharasch, E. D. (2004). Bioavailabilities of rectal and oral
methadone in healthy subjects. British Journal of Clinical Pharmacology, 58(2),
156-162.

De Arcos, F. A., Verdejo-Garcia, A., Ceverino, A., Montanez-Pareja, M., Lopez-Judrez, E.,
Sanchez-Barrera, M., ... Pérez-Garcia, M. (2008). Dysregulation of emotional
response in current and abstinent heroin users: Negative heightening and positive
blunting. Psychopharmacology, 198(2), 159-166.

Der-Avakian, A., & Markou, A. (2012). The neurobiology of anhedonia and other reward-
related deficits. Trends in Neurosciences, 35(1), 68-77.

Destoop, M., Morrens, M., Coppens, V., & Dom, G. (2019). Addiction, anhedonia and co-
morbid mood disorder. A narrative review. Frontiers in Psychiatry, 10, 311.

Dunn, K. E., Huhn, A. S., Bergeria, C. L., Gipson, C. D., & Weerts, E. M. (2019). Non-
opioid neurotransmitter systems that contribute to the opioid withdrawal syndrome:
A review of preclinical and human evidence. Journal of Pharmacology and
Experimental Therapeutics, 371(2), 422-452.

Ferrari, M., & Quaresima, V. (2012). A brief review on the history of human functional
near-infrared spectroscopy (fNIRS) development and fields of application.
Neurolmage, 63(2), 921-935.

Garfield, J. B., Cotton, S. M., Allen, N. B., Cheetham, A., Kras, M., Yiicel, M., &
Lubman, D. I. (2017). Evidence that anhedonia is a symptom of opioid dependence
associated with recent use. Drug and Alcohol Dependence, 177, 29-38.

Goldstein, R. Z., & Volkow, N. D. (2011). Dysfunction of the prefrontal cortex in
addiction: neuroimaging findings and clinical implications. Nature Reviews
Neuroscience, 12(11), 652-669.

Grigson, P. S., & Twining, R. C. (2002). Cocaine-induced suppression of saccharin intake:
A model of drug-induced devaluation of natural rewards. Behavioral Neuroscience,
116(2), 321.

Hamilton, M. (1960). A rating scale for depression. Journal of Neurology, Neurosurgery,
and Psychiatry, 23, 56-62.

Harling, M., Strehmel, P., Schablon, A., & Nienhaus, A. (2009). Psychosocial stress,
demoralization and the consumption of tobacco, alcohol and medical drugs by
veterinarians. Journal of Occupational Medicine and Toxicology, 4(1), 4.

Hsu, Y., Marsteller, J. A., Kachur, S. G., & Fingerhood, M. 1. (2019). Integration of
buprenorphine treatment with primary care: Comparative effectiveness on retention,
utilization, and cost. Population Health Management, 22(4), 292-299.

Huhn, A. S., Harris, J., Cleveland, H. H., Lydon, D. M., Stankoski, D., Cleveland, M. J., ...
Bunce, S. C. (2016). Ecological momentary assessment of affect and craving in
patients in treatment for prescription opioid dependence. Brain Research Bulletin,
123, 94-101.

Huhn, A. S., Meyer, R. E., Harris, J. D., Ayaz, H., Deneke, E., Stankoski, D. M., &
Bunce, S. C. (2016). Evidence of anhedonia and differential reward processing in
prefrontal cortex among post-withdrawal patients with prescription opiate
dependence. Brain Research Bulletin, 123, 102-109.

Huhn, A. S., Sweeney, M. M., Brooner, K., Kidorf, M. S., Tompkins, D. A., Ayaz, H., &
Dunn, K. E. (2019). Prefrontal cortex response to drug cues, craving, and current
depressive symptoms are associated with treatment outcomes in methadone-
maintained patients. Neuropsychopharmacology, 44(4), 826-833.

Janiri, L., Martinotti, G., Dario, T., Reina, D., Paparello, F., Pozzi, G., . . . De Risio, S.
(2005). Anhedonia and substance-related symptoms in detoxified substance-
dependent subjects: A correlation study. Neuropsychobiology, 52(1), 37-44.

Jasoer, H. (1958). Ten-twenty electrode system of the international federation.
Electroencephalography and Clinical Neurophysiology, 10, 371-375.

Kearney-Ramos, T. E., Dowdle, L. T., Lench, D. H., Mithoefer, O. J., Devries, W. H.,
George, M. S., ... Hanlon, C. A. (2018). Transdiagnostic effects of ventromedial
prefrontal cortex transcranial magnetic stimulation on cue reactivity. Biological
Psychiatry: Cognitive Neuroscience and Neuroimaging, 3(7), 599-609.

Kiluk, B. D., Yip, S. W., DeVito, E. E., Carroll, K. M., & Sofuoglu, M. (2019). Anhedonia as
a key clinical feature in the maintenance and treatment of opioid use disorder.
Clinical Psychological Science, 7(6), 1190-1206.

Koob, G. F., & Le Moal, M. (1997). Drug abuse: Hedonic homeostatic dysregulation.
Science, 278(5335), 52-58.

Koob, G. F., & Volkow, N. D. (2010). Neurocircuitry of addiction.
Neuropsychopharmacology, 35(1), 217-238.

Lalanne, L., Ayranci, G., Filliol, D., Gavériaux-Ruff, C., Befort, K., Kieffer, B. L., & Lutz, P.
(2017). Kappa opioid receptor antagonism and chronic antidepressant treatment
have beneficial activities on social interactions and grooming deficits during heroin
abstinence. Addiction Biology, 22(4), 1010-1021.


http://refhub.elsevier.com/S0306-4603(20)30803-0/h0005
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0005
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0005
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0020
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0020
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0020
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0025
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0025
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0025
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0030
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0030
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0035
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0035
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0035
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0035
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0040
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0040
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0040
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0040
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0045
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0045
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0045
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0050
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0050
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0050
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0055
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0055
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0055
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0055
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0060
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0060
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0065
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0065
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0070
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0070
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0070
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0070
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0075
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0075
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0075
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0080
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0080
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0080
http://refhub.elsevier.com/S0306-4603(20)30803-0/optnzefZClWx2
http://refhub.elsevier.com/S0306-4603(20)30803-0/optnzefZClWx2
http://refhub.elsevier.com/S0306-4603(20)30803-0/optnzefZClWx2
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0085
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0085
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0085
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0090
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0090
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0095
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0095
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0095
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0100
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0100
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0100
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0105
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0105
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0105
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0105
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0110
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0110
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0110
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0110
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0115
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0115
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0115
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0115
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0125
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0125
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0130
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0130
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0130
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0130
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0135
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0135
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0135
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0140
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0140
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0145
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0145
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0150
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0150
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0150
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0150

A.S. Huhn et al.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1997). International affective picture
system (IAPS): Technical manual and affective ratings. NIMH Center for the Study of
Emotion and Attention, 1, 39-58.

Langleben, D. D., Ruparel, K., Elman, 1., Busch-Winokur, S., Pratiwadi, R., Loughead, J.,
... Childress, A. R. (2008). Acute effect of methadone maintenance dose on brain
FMRI response to heroin-related cues. American Journal of Psychiatry, 165(3),
390-394.

Mahoney, K., Reich, W., & Urbanek, S. (2019). Substance use disorder: Prenatal,
intrapartum and postpartum care. MCN: The American Journal of Maternal/Child
Nursing, 44(5), 284-288.

Mark, T. L., Woody, G. E., Juday, T., & Kleber, H. D. (2001). The economic costs of heroin
addiction in the united states. Drug and Alcohol Dependence, 61(2), 195-206.

McHugh, R. K., Hearon, B. A., & Otto, M. W. (2010). Cognitive behavioral therapy for
substance use disorders. Psychiatric Clinics, 33(3), 511-525.

McLellan, A. T., Cacciola, J. S., & Zanis, D. (1997). The addiction severity index-lite.
University of Pennsylvania/Philadelphia VA Medical Center, Center for the Studies
on Addiction.

Moos, R. H. (2003). Addictive disorders in context: Principles and puzzles of effective
treatment and recovery. Psychology of Addictive Behaviors, 17(1), 3.

Nakamura-Palacios, E. M., Lopes, 1. B. C., Souza, R. A,, Klauss, J., Batista, E. K.,

Conti, C. L., ... Moll, S. (2016). Ventral medial prefrontal cortex (vmPFC) as a target
of the dorsolateral prefrontal modulation by transcranial direct current stimulation
(tDCS) in drug addiction. Journal of Neural Transmission, 123(10), 1179-1194.

Okamoto, M., Dan, H., Sakamoto, K., Takeo, K., Shimizu, K., Kohno, S., ... Kohyama, K.
(2004). Three-dimensional probabilistic anatomical cranio-cerebral correlation via
the international 10-20 system oriented for transcranial functional brain mapping.
Neurolmage, 21(1), 99-111.

Park, I. H., Kim, J., Chun, J., Jung, Y. C., Seok, J. H., Park, H., & Lee, J. D. (2009). Medial
prefrontal default-mode hypoactivity affecting trait physical anhedonia in
schizophrenia. Psychiatry Research: Neuroimaging, 171(3), 155-165.

Pettorruso, M., Martinotti, G., Santacroce, R., Montemitro, C., Fanella, F., & Di
Giannantonio, M. (2019). rTMS reduces psychopathological burden and cocaine
consumption in treatment-seeking subjects with cocaine use disorder: An open label,
feasibility study. Frontiers in Psychiatry, 10, 621.

Rizvi, S. J., Pizzagalli, D. A., Sproule, B. A., & Kennedy, S. H. (2016). Assessing
anhedonia in depression: Potentials and pitfalls. Neuroscience & Biobehavioral
Reviews, 65, 21-35.

Robinson, S., Kissane, D. W., Brooker, J., Michael, N., Fischer, J., Franco, M., ...
Clarke, D. M. (2016). Refinement and revalidation of the demoralization scale: The
DS-II—internal validity. Cancer, 122(14), 2251-2259.

Addictive Behaviors 113 (2021) 106673

Salling, M. C., & Martinez, D. (2016). Brain stimulation in addiction.
Neuropsychopharmacology, 41(12), 2798-2809.

Seo, D., Lacadie, C. M., Tuit, K., Hong, K., Constable, R. T., & Sinha, R. (2013). Disrupted
ventromedial prefrontal function, alcohol craving, and subsequent relapse risk.
JAMA Psychiatry, 70(7), 727-739.

Snaith, R. P., Hamilton, M., Morley, S., Humayan, A., Hargreaves, D., & Trigwell, P.
(1995). A scale for the assessment of hedonic tone the Snaith-Hamilton pleasure
scale. The British Journal of Psychiatry, 167(1), 99-103.

Spano, M. C., Lorusso, M., Pettorruso, M., Zoratto, F., Di Giuda, D., Martinotti, G., & di
Giannantonio, M. (2019). Anhedonia across borders: Transdiagnostic relevance of
reward dysfunction for noninvasive brain stimulation endophenotypes. CNS
Neuroscience & Therapeutics, 25(11), 1229-1236.

Stevens, A., Peschk, 1., & Schwarz, J. (2007). Implicit learning, executive function and
hedonic activity in chronic polydrug abusers, currently abstinent polydrug abusers
and controls. Addiction, 102(6), 937-946.

Treadway, M. T., & Zald, D. H. (2011). Reconsidering anhedonia in depression: Lessons
from translational neuroscience. Neuroscience & Biobehavioral Reviews, 35(3),
537-555.

Villringer, A., & Chance, B. (1997). Non-invasive optical spectroscopy and imaging of
human brain function. Trends in Neurosciences, 20(10), 435-442.

Volkow, N. D., Frieden, T. R., Hyde, P. S., & Cha, S. S. (2014). Medication-assisted
therapies—tackling the opioid-overdose epidemic. New England Journal of Medicine,
370(22), 2063-2066.

Wang, G., Volkow, N. D., Chang, L., Miller, E., Sedler, M., Hitzemann, R., ... Fowler, J. S.
(2004). Partial recovery of brain metabolism in methamphetamine abusers after
protracted abstinence. American Journal of Psychiatry, 161(2), 242-248.

Wang, W., Li, Q., Wang, Y., Tian, J., Yang, W., Li, W., ... Liu, J. (2011). Brain fMRI and
craving response to heroin-related cues in patients on methadone maintenance
treatment. The American Journal of Drug and Alcohol Abuse, 37(2), 123-130.

Wang, Z., Zhang, J. X., Wu, Q., Liu, N., Huy, X., Chan, R. C., & Xiao, Z. (2010). Alterations
in the processing of non-drug-related affective stimuli in abstinent heroin addicts.
Neurolmage, 49(1), 971-976.

Wilson, N. (2020). Drug and opioid-involved overdose Deaths in the United states,
2017-2018. MMWR Morbidity and Mortality Weekly Report, 69(11), 290-297.

Zijlstra, F., Veltman, D. J., Booij, J., van den Brink, W., & Franken, I. H. (2009).
Neurobiological substrates of cue-elicited craving and anhedonia in recently
abstinent opioid-dependent males. Drug and Alcohol Dependence, 99(1), 183-192.


http://refhub.elsevier.com/S0306-4603(20)30803-0/h0155
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0155
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0155
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0160
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0160
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0160
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0160
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0165
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0165
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0165
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0170
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0170
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0175
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0175
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0180
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0180
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0180
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0185
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0185
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0190
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0190
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0190
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0190
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0195
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0195
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0195
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0195
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0200
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0200
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0200
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0205
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0205
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0205
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0205
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0210
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0210
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0210
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0215
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0215
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0215
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0220
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0220
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0225
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0225
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0225
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0230
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0230
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0230
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0235
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0235
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0235
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0235
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0240
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0240
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0240
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0245
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0245
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0245
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0250
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0250
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0255
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0255
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0255
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0260
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0260
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0260
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0265
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0265
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0265
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0270
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0270
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0270
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0275
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0275
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0280
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0280
http://refhub.elsevier.com/S0306-4603(20)30803-0/h0280

	The association of prefrontal cortex response during a natural reward cue-reactivity paradigm, anhedonia, and demoralizatio ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Assessments
	2.3 Natural reward cue reactivity
	2.4 Functional Near-infrared spectroscopy measurement and processing
	2.5 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusion
	6 Contributors
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


