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A B S T R A C T   

Substance use disorders (SUDs) and obesity are both chronic, relapsing, remitting disorders that arise from a 
heightened preference for immediate-focused rewards (i.e., steep temporal discounting). During recovery from 
SUDs, overweight and obese outcomes are common as individuals may replace drug rewards for food rewards. 
However, little has been done to investigate the neuropsychological processes underlying food reward and 
addiction in individuals recovering from SUDs. Using data collected from the International Quit and Recovery 
Registry and Amazon Mechanical Turk, we aimed to elucidate the factors that influence the attraction to 
palatable foods in a population in recovery from substance misuse (n = 114) as well as a population with no 
history of substance misuse (n = 97). We hypothesized that individuals in recovery from substance misuse would 
have steeper temporal discounting, an increased drive for palatable foods (i.e., hedonic hunger), and greater food 
addiction symptoms than non-substance users. Contrary to our hypotheses, we found that individuals in recovery 
from SUDs show improved outcomes in temporal discounting, hedonic hunger, and food addiction symptoms. 
Moreover, recovery status and temporal discounting significantly predicted these outcomes. Our findings suggest 
that the enhanced executive control processes needed for successful SUD recovery may transfer to other reward- 
related processes such as food reward and consumption. Interventions targeted at improving executive function 
including episodic future thinking, meditation, or exercise, may be excellent ways to support a successful re-
covery and improve other reward-related processes, including food consumption, to decrease the risk of over-
weight or obese outcomes during recovery.   

1. Introduction 

Body weight gain and quality of food intake are significant concerns 
amongst individuals in recovery from substance use disorders (SUDs). 
Research has shown that during recovery from SUDs, individuals may 
engage in unhealthy eating behaviors, replacing their drug of choice or 
responding to drug or alcohol craving by consuming highly palatable 
foods, especially those high in fat and sugar (Hodgkins, Jacobs, & Gold, 
2003; Jackson & Grilo, 2002). Additionally, dysfunctional eating pat-
terns and disordered eating, such as bulimia nervosa and binge eating 
disorder, are often seen early in recovery (Cowan & Devine, 2008; 
Hodgkins, Cahill, Seraphine, Frost-Pineda, & Gold, 2004; Jackson & 
Grilo, 2002; Orsini et al., 2014; Williamson et al., 1991). Stress and 
anxiety, commonly experienced during withdrawal and early recovery, 

are additional factors that contribute to uncontrolled eating behaviors 
(Koob & Volkow, 2016). The unhealthy eating behaviors experienced 
early in recovery can lead to weight gain and overweight or obese 
outcomes, which can in turn lead to other serious health conditions such 
as Type 2 diabetes or cardiovascular disease (Cowan & Devine, 2008). 
Therefore, determining the neuropsychological factors that contribute 
to increased food consumption is imperative. 

SUDs and overeating, which can lead to obesity, involve overlapping 
behavioral- and endo-phenotypes, with some hypothesizing that obesity 
is a form of food addiction (Campana, Brasiel, de Aguiar, & Dutra, 2019; 
Ferrario, 2017; Lerma-Cabrera, Carvajal, & Lopez-Legarrea, 2016). The 
food addiction hypothesis is based on the idea that obesity and other 
related disorders such as bulimia and binge eating disorder result from 
either 1) a heightened sensitivity to foods at both the behavioral and 
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brain level (especially highly palatable foods high in fat and/or sugar); 
2) a reduced response to foods; or 3) a dynamic response whereby the 
initial response is heightened but over time becomes blunted (i.e., dy-
namic vulnerability model) (Alonso-Alonso et al., 2015; Ferrario, 2017; 
Gearhardt, Boswell, & White, 2014, 2011; Stice, Spoor, Bohon, & Small, 
2008; Volkow, Wise, & Baler, 2017). However, this hypothesis is not 
without controversy and recent research suggests that limited behav-
ioral overlap exists between obesity and SUDs (Bickel, Lemos, Tomlin-
son, & Tegge, n.d; Vainik et al., 2020). Several convincing pieces of 
evidence exist to support the food addiction hypothesis. First, drugs of 
abuse and palatable foods are both strong positive reinforcers that 
activate the brain’s reward system, including the nucleus accumbens 
and prefrontal cortex (Volkow, Wang, Fowler, & Telang, 2008; Volkow 
& Wise, 2005). Second, research shows that individuals with both SUDs 
and overeating display increased impulsivity, altered affective and 
cognitive states, and heightened reward salience and consummatory 
behavior of their substance of choice (Michaud, Vainik, Garcia-Garcia, & 
Dagher, 2017). Third, overlapping alterations in neural structure and 
function exist between these two disorders. For example, microdialysis 
studies in rodents have shown that both drugs of abuse and highly 
palatable foods stimulate extracellular dopamine release in the nucleus 
accumbens (Di Chiara, 2002; Roitman, Stuber, Phillips, Wightman, & 
Carelli, 2004). Neuroimaging studies in humans have also revealed that 
both individuals with SUDs and individuals with obesity display a 
reduction of dopaminergic D2 receptors in the striatum (Trifilieff & 
Martinez, 2014; Volkow, Fowler, Wang, Baler, & Telang, 2009; Volkow, 
Wang, Telang, et al., 2008; Wang et al., 2001) as well as reduced neural 
activity in prefrontal regions including the dorsolateral prefrontal cor-
tex, orbitofrontal cortex, and cingulate gyrus (Volkow et al., 2009; 
Volkow, Wang, Telang, et al., 2008). Considering this interesting 
interrelationship, the examination of food salience and food addiction 
during recovery from SUDs is a relevant area of inquiry. 

The competing neurobehavioral decision systems (CNDS) theory 
posits that the reward-driven impulsive system and the future-oriented 
executive system work in conjunction to govern behavior (Bickel, Mel-
lis, et al., 2018). The impulsive system consists of limbic and paralimbic 
brain regions (e.g., nucleus accumbens, amygdala), and the executive 
system consists of prefrontal and temporal regions (e.g., prefrontal 
cortex, hippocampus). Dysregulation of these systems, namely a hy-
peractive reward system and hypoactive executive system, leads to 
maladaptive health behaviors including both substance use and over-
eating (Bickel et al., 2021; Kekic et al., 2019; Levitt, Sanchez-Roige, 
Palmer, & MacKillop, 2020). Behaviorally, the balance between the 
two systems can be measured using a temporal discounting task termed 
delay discounting, which assesses an individual’s preference for smaller, 
immediate rewards compared to larger, delayed rewards (McClure, 
Laibson, Loewenstein, & Cohen, 2004). Here, we use the framework of 
the CNDS theory to examine the hypothesis that heightened temporal 
discounting may underlie the heightened response to highly palatable 
foods during recovery and increased body weight. 

Using data collected from the International Quit and Recovery 
Registry (IQRR; www.quitandrecovery.org) and Amazon Mechanical 
Turk (mTurk), we aimed to elucidate the neuropsychological factors that 
influence the attraction to palatable foods in a population in recovery 
from substance misuse as well as a population with no history of sub-
stance misuse. Specifically, we examined hedonic hunger and food 
addiction as metrics of food reward. Hedonic hunger refers to the pre-
occupation with and desire to consume foods for pleasure in the absence 
of hunger (Espel-Huynh, Muratore, & Lowe, 2018), whereas food 
addiction (as measured by the Yale Food Addiction Scale) examines the 
DSM-IV criteria of substance dependence in relation to high-fat, high--
sugar foods. We hypothesized that individuals in recovery from sub-
stance misuse would have an increased drive for palatable foods (i.e., 
hedonic hunger), greater symptoms of food addiction, and greater 
temporal discounting compared to non-substance users. We expected 
that temporal discounting and recovery status would predict food 

addiction symptoms, hedonic hunger, and body mass index (BMI). 

2. Methods 

Data were collected through the IQRR, an online community and 
registry for individuals in self-reported recovery from substance misuse 
or behavioral addictions. The initial assessment, completed upon 
registration, includes contact information, demographic information, 
history of substance use and behavioral addictions, and recovery history 
(Table S1, Table S2). After registering, members may complete assess-
ments that aim to advance the understanding of phenotypes of recovery. 
Participants earn a predefined number of points for completion of each 
assessment, which are redeemable for $1.00 per 100 points. The current 
investigation includes data from the initial assessment, which was 
completed upon registration, and 3 monthly assessments, all of which 
were programmed and administered through LimeSurvey. 

Data for the non-SUD control group were collected through mTurk, 
an online crowdsourcing platform that allows members to complete 
Human Intelligence Tasks (HITs) for compensation. The task was 
available to mTurk workers with a high (>90%) HIT approval rate, 
indicating that they provided high-quality data on at least 90% of pre-
viously completely HITs. Participants were screened to ensure they met 
inclusion criteria, and were required to pass a CAPTCHA test to screen 
out machine input. To be included in the study, participants needed to 
be non-smokers and have no self-reported history of substance abuse or 
over-consumption. History of substance abuse and overconsumption 
were assessed using three questions: 1) “Are you currently, or have you 
in the past been abusing alcohol or drugs?”; 2) “Do you now think, or 
have you in the past thought you may be over-consuming drugs or 
alcohol?”; and 3) “Are you currently in recovery from substance use or 
addiction?”. Participants who responded “No” to all three questions 
qualified for the study. Participants were compensated for completion of 
the questionnaire and awarded bonus compensation if their data passed 
attention checks. All questions were programmed and administered 
through Qualtrics. 

This study was approved by the Institutional Review Board at Vir-
ginia Polytechnic Institute and State University and was performed in 
accordance with relevant guidelines and regulations. 

2.1. Measures 

Demographics: Demographics were collected in the IQRR initial 
assessment and on mTurk, as demographic variables have been previ-
ously associated with temporal discounting (Bickel, Moody, Qui-
senberry, Ramey, & Sheffer, 2014; Stanger et al., 2012) and BMI (Berry 
et al., 2010; Claassen, Klein, Bratanova, Claes, & Corneille, 2019). De-
mographic information collected includes age, gender, race, ethnicity, 
education, and income. Age in the IQRR sample was calculated by 
subtracting the participant’s year of birth from the year the assessment 
was completed. 

Days in abstinence: Self-reported quit date was collected in the IQRR 
initial assessment. In the current assessment, participants were asked 
whether they engaged in their primary substance since registering in the 
IQRR. Those who answered yes were subsequently asked if their use was 
ongoing. Those who answered “No” were asked to report an updated 
quit date. The most recent quit date was subtracted from the assessment 
completion date to calculate the number of days in abstinence. Partici-
pants who reported a quit date that was the same day that they 
completed the assessment were considered ongoing users. 

Body mass index (BMI): BMI was calculated from self-reported height 
in inches and weight in pounds as: BMI = weight/[height]2 x 703. 

Food addiction: The Yale Food Addiction Scale is a valid and reliable 
(Kuder-Richardson alpha = 0.86) self-report questionnaire to assess 
symptoms and diagnosis of food addiction (Gearhardt, Corbin, & 
Brownell, 2009). The questionnaire consists of 25 items that probe the 
DSM-IV criteria of substance dependence in relation to the consumption 
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of high-fat, high-sugar foods. Items are scored for a symptom count 
ranging from 0 to 7. A diagnosis of food addiction occurs when clinical 
significance is indicated and the symptom count is at least 3. 

Hedonic hunger: The Power of Food Scale is a valid and reliable 
(Cronbach’s alpha = 0.91; test-retest reliability r = 0.77) self-report 
questionnaire to assess hedonic hunger in food-rich environments 
(Cappelleri et al., 2009; Lowe et al., 2009). The questionnaire consists of 
15 items scored from 1 (don’t agree at all) to 5 (strongly agree). Items are 
summed for a total score, ranging from 15 to 75, and three subscale 
scores including food available (range 6–30), food present (range 4–20), 
and food tasted (range 5–25). The full text of the questionnaire is 
available in (Cappelleri et al., 2009). 

Temporal Discounting: The five-trial adjusting delay discounting task 
was used to assess future valuation and impulsivity (Koffarnus & Bickel, 
2014). In this task, participants were asked if they would rather receive 
$500 now or $1000 in three weeks. The time delay in the subsequent 
trial is increased or decreased based on the participant’s response. The 
delays continue to adjust in this manner for a total of five trials. The 
delay at which the reward loses 50% of its value compared to the im-
mediate reward (ED50) is provided by the indifference point. The inverse 
of the ED50 (1/ED50) was calculated to provide an estimate of the dis-
count rate (k). The natural log transformed discount rate [ln(k)] was 
used for analysis. 

2.2. Data cleaning and statistics 

Participants who did not complete all questionnaires, provided an 
invalid BMI, reported a primary behavioral addiction in the IQRR, were 
ongoing substance users, or who did not pass attention checks were 
excluded from all analyses. In the case of multiple submissions, only one 
record from each participant was included in the analyses. 

Chi-square tests of independence were performed to compare the 
distributions of gender, race, ethnicity, household income, and educa-
tion between individuals in recovery and the non-SUD control group. 
Independent samples t-tests were conducted to compare continuous 
variables including age, BMI, food addiction symptoms, hedonic hunger, 
and temporal discounting between groups. If a variable had unequal 
variance between groups, as determined by Levene’s test for homoge-
neity of variance, Welch’s t-test was used. ANCOVA was used to 
compare food addiction symptoms, hedonic hunger, and temporal dis-
counting between groups after controlling for significant demographic 
variables. Multiple linear regression analyses were conducted to assess 
the association of recovery status and temporal discounting to food 
addiction symptoms, hedonic hunger, and BMI. Additionally, de-
mographics (i.e., age, gender, race, household income, education) were 
included in multiple linear regressions to assess the association of re-
covery status and temporal discounting to food addiction symptoms, 
hedonic hunger, and BMI after adjusting for these demographic vari-
ables. Relationships among all neuropsychological variables, BMI, and 
time in abstinence were probed using Pearson correlations. All analyses 
were conducted in SPSS Statistics 26.0 with statistical significance 
determined at an alpha level of 0.05. 

3. Results 

3.1. Demographics 

The final analysis included 211 participants (97 non-SUD controls, 
114 in recovery). Participant characteristics are displayed in Table 1. 
Participants in the recovery group were older than those in the non-SUD 
control group. Additionally, gender, race, household income, and edu-
cation were significantly different between groups. 

3.2. Between groups comparisons 

Independent samples t-tests showed that individuals in recovery 

have significantly fewer food addiction symptoms (t(189.5) = 3.396, p 
< 0.001), and lower hedonic hunger (t(209) = 5.489, p < 0.001), 
including when food is available (t(209) = 3.608, p < 0.001), present (t 
(209) = 4.597, p < 0.001), and tasted (t(209) = 7.640, p < 0.001) 
compared to the control group (Fig. 1, Table S3). Additionally in-
dividuals in recovery have significantly lower rates of temporal dis-
counting (t(209) = 3.038, p = 0.003) (Fig. 1, Table S3). 

After controlling for significant demographic characteristics, be-
tween groups comparisons revealed that individuals in recovery have 
significantly lower hedonic hunger (F(1, 204) = 12.160, p < 0.001) 
including when food is present (F(1, 204) = 10.531, p = 0.001) and food 
is tasted (F(1, 204) = 31.723, p < 0.001) (Table S4). No significant 
differences were observed between groups in food addiction symptoms 
(F(1, 204) = 1.077, p = 0.301) or temporal discounting (F(1, 204) =
0.309, p = 0.579) (Table S4). 

Table 1 
Participant characteristics.   

Non-SUD Recovery t/X2 p 

N 97 114   
Agea 32.6 

(0.95) 
44.5 (1.48) − 6.770 <0.001 

BMIa 26.6 
(0.58) 

27.3 (0.57) − 0.816 0.416 

Days Abstinenta b – 3071.9 
(369.77) 

– – 

Gender   17.780 <0.001 
% Female 31 

(32.0%) 
64 (56.1%)   

% Male 66 
(68.0%) 

46 (40.4%)   

% Other/Prefer not to 
answer 

0 (0.0%) 4 (3.5%)   

Race   16.446 <0.001 
% Asian 32 

(33.0%) 
13 (11.4%)   

% Black/African American 8 (8.2%) 7 (6.1%)   
% White/Caucasian 51 

(52.6%) 
80 (70.2%)   

% Otherc 6 (6.2%) 14 (12.3%)   
Ethnicity   1.904 0.168 
% Hispanic 10 

(10.3%) 
6 (5.3%)   

% Non-hispanic 87 
(89.7%) 

108 (94.7%)   

Household income   22.872 <0.001 
% <$30,000 24 

(24.7%) 
45 (39.5%)   

% $30,000-$49,999 25 
(25.8%) 

16 (14.0%)   

% $50,000-$69,999 12 
(12.4%) 

8 (7.0%)   

% $70,000-$89,999 16 
(16.5%) 

11 (9.6%)   

% $90,000+ 20 
(20.6%) 

20 (17.5%)   

% Prefer not to answer 0 (0.0%) 14 (12.3%)   
Education   43.821 <0.001 
% High school/GED or 

lower 
7 (7.2%) 32 (28.1%)   

% Some college 14 
(14.4%) 

34 (29.8%)   

% Bachelor’s degree 64 
(66.0%) 

25 (21.9%)   

% Advanced degree 12 
(12.4%) 

23 (20.2%)    

a All variables are reported as frequencies and percentages with the exception 
of age, BMI, and days since last use which are reported as the mean and standard 
error. 

b No statistical tests reported for days since last use as it is only collected in the 
recovery group. 

c Other race includes those who identified as American Indian/Alaskan 
Native, Native Hawaiian/Pacific Islander, more than one race, and Other. 
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3.3. Correlations 

Pearson correlation analysis revealed that food addiction symptoms 
were significantly correlated with increased hedonic hunger and greater 
temporal discounting, and hedonic hunger was significantly correlated 
with greater temporal discounting. Additionally, days in abstinence 

were correlated with higher BMI and decreased temporal discounting 
(Fig. 2). 

3.4. Regression models 

The unadjusted regression model of temporal discounting and 

Fig. 1. Between groups comparisons of A) hedonic hunger, B) food addiction symptoms, and C) temporal discounting. Plotted as distributions, means (black dots), 
and SEM. **p < 0.01. 

Fig. 2. Pearson correlation coefficients (top), histograms (diagonal), and correlation scatterplots (bottom). Data for days abstinent were collected only in the re-
covery group (n = 114). *p < 0.05, **p < 0.01, ***p < 0.001. 
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recovery status predicting food addiction symptoms was significant and 
explained 7.5% of the variance in the outcome. The model indicated that 
greater temporal discounting and non-SUD recovery status significantly 
predicted increased food addiction symptoms (Table 2). After adjusting 
for demographic variables, the overall model was significant and 
explained 11.4% of the variance in the outcome. Temporal discounting 
and recovery status did not significantly predict food addiction symp-
toms in the adjusted model (Table 2). 

The unadjusted regression model of temporal discounting and re-
covery status predicting hedonic hunger was significant, and explained 
14.1% of the variance in the outcome. The model indicated that greater 
temporal discounting and non-SUD recovery status significantly pre-
dicted increased hedonic hunger (Table 3). After adjusting for de-
mographic variables, the overall model was significant and explained 
18.5% of the variance in the outcome. Non-SUD recovery status, but not 
temporal discounting, was significantly associated with increased he-
donic hunger in the adjusted model (Table 3). 

The unadjusted and adjusted regression models of temporal dis-
counting and recovery status predicting BMI were not statistically sig-
nificant (Table 4). 

4. Discussion 

Recent work has identified that drugs of abuse and food, especially 
high calorically dense foods, activate similar reward circuitry of the 
brain, with some even conceptualizing obesity as a food addiction. 
During recovery from SUDs, overweight and obese outcomes are com-
mon as individuals may replace drug reward for food reward. However, 
little has been done to investigate hedonic hunger and food addiction 
symptoms in individuals recovering from SUDs. Considering that our 
work and others have shown that steep temporal discounting is a trans- 
disease process that underlies both SUD and obesity (Bickel et al., 2019, 
2021), we were interested in investigating the relationship between 
temporal discounting, hedonic hunger, and food addiction symptoms in 
a group of individuals abstinent from substance misuse and 
non-substance users. Therefore, in this cross-sectional investigation, we 
utilized regression analyses to examine the predictive validity of re-
covery status and temporal discounting on hedonic hunger and food 
addiction symptomatology. We found that individuals in recovery from 
SUDs show improved outcomes in temporal discounting, hedonic hun-
ger, and food addiction symptoms and that both recovery status and 
temporal discounting significantly predicted these outcome measures, 
which we hypothesize are due to the enhanced executive abilities 
needed to sustain abstinence. We also show that these effects are 
significantly affected by demographic variables. We discuss how our 
findings relate to the current literature as well as the clinical implication 
of these findings. 

4.1. Recovery status predicts decreased hedonic hunger and food 
addiction symptoms 

Our results revealed that recovery status predicts both hedonic 
hunger and food addiction symptoms. Specifically, compared to non- 
SUD controls, individuals in SUD recovery display lower levels of he-
donic hunger as well as lower levels of food addiction, though the latter 
effect dissipated after controlling for demographic variables. This is the 
first time that hedonic hunger and food addiction have been examined in 
a group of individuals in recovery from SUDs. These findings suggest 
that somewhere in the process of active SUD or SUD recovery, changes 
in the reward-related response to food may occur, though future longi-
tudinal, controlled studies will be needed to investigate this 
relationship. 

Some have conceptualized that SUDs and obesity share many over-
lapping behavioral phenotypes and that obesity may be a food addiction 
(Blanco-Gandía, Miñarro, & Rodríguez-Arias, 2020; Ifland et al., 2009; 
Takgbajouah & Buscemi, 2021). Specifically, both drugs of abuse and 
food activate similar brain circuitry (i.e., the mesocortical pathway). 
The motivational drive that supports drug/food seeking and consump-
tion is regulated by these dopaminergic pathways. Repeated consump-
tion of drugs or food (especially high-calorically dense foods) alter the 
dopaminergic circuitry and response, causing habitual and inflexible 
responses that lead to SUD or obesity, respectively (Alonso-Alonso et al., 
2015; Nora D. Volkow, Wang, & Baler, 2011, 2017). To this point, an-
imal studies have shown that cross-sensitization occurs between drugs of 
abuse and food (Le Merrer & Stephens, 2006), additionally suggesting 
that the brain changes induced by substances may cause behavioral al-
terations to food reward and responsivity. In addition, SUDs are asso-
ciated with a variety of physical changes that affect food consumption 
and absorption. For example, SUDs are associated with altered levels of 
hunger, impaired taste, malnutrition, constipation, damaged stomach 
lining, and altered metabolism and hormonal regulation. These physical 
changes in turn affect food-related brain processes, contributing to the 
interaction between drugs and food. During recovery from SUDs, these 
physical aspects may begin to improve as the maladaptive behavior of 
drug use is replaced by healthier behaviors such as improved eating, 
which again in turn cause changes to the brain (Mahboub, Rizk, Kar-
avetian, & de Vries, 2020; Neale, Nettleton, Pickering, & Fischer, 2012). 

In the present study, we investigated two aspects of food reward: 
hedonic hunger and food addiction. Food addiction is associated with 
increased BMI, obesity, and binge eating disorder (Burrows, Skinner, 
McKenna, & Rollo, 2017; Davis et al., 2011; Gearhardt et al., 2014; 
Ivezaj, White, & Grilo, 2016). Similarly, hedonic hunger is affected by 
food consumption and is known to be heightened in individuals with 
obesity (Rabiei, Sedaghat, & Rastmanesh, 2019; Ribeiro et al., 2018). 
Additionally, weight loss during weight loss interventions results in 
decreased hedonic hunger (O’Neil, Theim, Boeka, Johnson, & 
Miller-Kovach, 2012; Theim, Brown, Juarascio, Malcolm, & O’Neil, 
2013), indicating that hedonic hunger may be a flexible process that is 

Table 2 
Multiple linear regression models predicting food addiction symptoms.   

R R2 Adjusted R2 F β t p 

Dependent variable: Food Addiction Symptoms        
Unadjusted** 0.289 0.083 0.075 9.459   <0.001 
Temporal Discounting*     0.176 2.599 0.010 
Recovery Status**     − 0.195 − 2.879 0.004 
Adjusted** 0.379 0.114 0.114 4.873   <0.001 
Temporal Discounting     0.094 1.293 0.197 
Recovery Status     − 0.076 − 0.989 0.324 
Age**     − 0.231 − 2.783 0.006 
Gender     − 0.065 − 0.964 0.336 
Education*     0.188 2.545 0.012 
Income     − 0.079 − 1.105 0.270 
Race     0.041 0.562 0.575 

*p < 0.05, **p < 0.01. 
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associated with improved outcomes during recovery from obesity. Here, 
we newly show that in the process of recovery from SUDs, hedonic 
hunger and food addiction may show similar decreases as during re-
covery from obesity. 

Others have investigated food preference, choice, and consumption 
in individuals in SUD recovery. For example, several studies have shown 
that individuals in SUD recovery show preference for and heightened 
consumption of sweet and high-calorically dense foods, especially in the 
early stages of recovery (Gambera & Clarke, 1976; Janowsky, Puci-
lowski, & Buyinza, 2003; Kampov-Polevoy, Tsoi, Zvartau, Neznanov, & 
Khalitov, 2001; Nolan & Scagnelli, 2007). Additionally, a recent study 
found that individuals in treatment for SUD, compared to the general 
population, showed significantly higher food cravings and positive 
emotional eating as well as theoretical energy consumption in an online 
food choice task (i.e., all-you-can-eat buffet task) (Nolan, 2019). Though 
our findings seem contrary to this work, our population of individuals in 
recovery include individuals who have from 1 day to 43.2 years of 
abstinence with an average of 8.4 (±1.01) years. This other work 
examined individuals who were early in recovery, when brain function 
is impaired by recent drug use and decision-making processes are geared 
towards immediate gratification. Therefore, our work suggests that 
distinct changes in food reward and addiction may occur over the course 
of recovery. 

4.2. Steep temporal discounting predicts heightened hedonic hunger and 
food addiction symptoms 

As hypothesized, temporal discounting predicted hedonic hunger 
and food addiction symptomatology, although these effects dissipated 
after adjusting for demographics. Specifically, steep temporal dis-
counting was associated with heightened levels of hedonic hunger and 
food addiction. Our group and others have previously found that tem-
poral discounting, a behavioral indicator of the balance between the 

executive and reward systems, is associated with heightened hedonic 
hunger and food addiction (Satyal, Basso, Tegge, Metpally, & Bickel, 
2021; VanderBroek-Stice, Stojek, Beach, vanDellen, & MacKillop, 
2017), though this is the first time this relationship has been investi-
gated in individuals recovering from substance misuse. 

We additionally found that abstinent individuals with a history of 
substance misuse discount the future less than non-substance users. 
Further, we found that as time in recovery progresses, the discounting 
rate decreases. This is in line with previous findings indicating that in-
dividuals who discount less may be more likely to succeed in abstaining 
from substances (Sheffer et al., 2014; Stanger et al., 2012; Washio et al., 
2011). This finding is akin to one of our recent cross-sectional studies 
comparing individuals who maintained substantial weight loss to 
weight-matched controls, showing that the weight loss maintenance 
group discounted the future less (Bickel, Moody, Koffarnus, Thomas, & 
Wing, 2018). These findings suggest that individuals in recovery (either 
from drugs or overeating) show heightened executive control processes. 
As individuals with SUDs are hypersensitive to drug rewards (Kalivas & 
Volkow, 2005; Lawn et al., 2015), this enhanced level of executive 
control is needed to successfully resist the urge to consume drug rewards 
and maintain abstinence. If steep temporal discounting is a driver of 
hedonic hunger and food addiction, and temporal discounting is 
heightened during the early stages of recovery, then interventions that 
target temporal discounting, such as episodic future thinking, may help 
to improve food salience and eating behaviors in early recovery. 

4.3. No association between BMI and temporal discounting or recovery 
status 

Contrary to our initial hypothesis, there was no association between 
temporal discounting or recovery status and BMI. A recent meta-analysis 
found that about half of existing studies found a positive association 
between temporal discounting and body weight while the other half 

Table 3 
Multiple linear regression models predicting hedonic hunger.   

R R2 Adjusted R2 F β t p 

Dependent variable: Hedonic Hunger        
Unadjusted** 0.386 0.149 0.141 18.214   <0.001 
Temporal Discounting*     0.155 2.373 0.019 
Recovery Status**     − 0.323 − 4.943 <0.001 
Adjusted** 0.460 0.212 0.185 7.805   <0.001 
Temporal Discounting     0.060 0.871 0.385 
Recovery Status**     − 0.253 − 3.449 <0.001 
Age     − 0.152 − 1.904 0.058 
Gender     − 0.097 − 1.506 0.134 
Education     0.100 1.406 0.161 
Income     − 0.082 − 1.190 0.236 
Race*     0.152 2.147 0.033 

*p < 0.05, **p < 0.01. 

Table 4 
Multiple linear regression models predicting BMI.   

R R2 Adjusted R2 F β t p 

Dependent variable: BMI        
Unadjusted 0.079 0.006 − 0.003 0.660   0.518 
Temporal Discounting     − 0.057 − 0.810 0.419 
Recovery Status     0.045 0.631 0.529 
Adjusted 0.222 0.049 0.017 1.510   0.166 
Temporal Discounting     0.016 0.208 0.835 
Recovery Status     − 0.062 − 0.763 0.446 
Age**     0.236 2.701 0.008 
Gender     − 0.015 − 0.219 0.827 
Education     − 0.075 − 0.955 0.341 
Income     − 0.067 − 0.891 0.374 
Race     − 0.028 − 0.360 0.719 

*p < 0.05, **p < 0.01. 
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found no association (Tang, Chrzanowski-Smith, Hutchinson, Kee, & 
Hunter, 2019). The current study adds a sample of individuals in SUD 
recovery to this body of literature. Although some have reported weight 
gain during recovery (Nolan, 2013), no difference in BMI has been re-
ported in other samples of individuals in SUD recovery compared to the 
general population (Nolan, 2019). In the current study, both the re-
covery and control groups have an average BMI that is considered 
overweight and is slightly lower than the average BMI of the general U.S. 
population (Fryar, Kruszan-Moran, Gu, & Ogden, 2018). 

4.4. Demographic variables influenced our outcomes of interest 

Our findings indicate that our outcomes were significantly affected 
by demographic variables. Specifically, our regression models revealed 
that age was significantly associated with food addiction symptoms and 
BMI, education was significantly associated with food addiction symp-
toms, and race was significantly associated with hedonic hunger in this 
dataset. Despite these associations between demographic variables and 
outcomes, some demographic variables may not be determinants of the 
independent and/or dependent variables and therefore may not truly be 
sources of confounding bias (Bartram, 2021). For instance, socioeco-
nomic measures such as education have been previously associated with 
temporal discounting (Bickel et al., 2014). However, it is unclear 
whether education determines temporal discounting or the other 
dependent variables in our models (e.g., food addiction, hedonic hunger, 
BMI). Therefore, we have provided results from all analyses both with 
and without controlling for demographic variables. 

4.5. Limitations and future directions 

While this study provides new insights into the relationships among 
recovery status, temporal discounting, and psychological responses to 
food, several limitations are worth noting. Participants recruited from 
the IQRR may not accurately represent the general SUD recovery pop-
ulation. As many IQRR members join the registry as a source of 
accountability and/or inspiration, the results of this study may reflect 
individuals in recovery who are prone to seek support. Similarly, par-
ticipants recruited from mTurk may not accurately represent the general 
population. Although mTurk produces reliable data, some characteris-
tics of mTurk participants may differ from traditional samples (Behrend, 
Sharek, Meade, & Wiebe, 2011; Goodman, Cryder, & Cheema, 2013). 
Additionally, characteristics of both traditional and mTurk sample 
characteristics may differ from characteristics of the general population. 
For example, the control group in this study, which was collected on 
mTurk, is 32% female and 10.3% Hispanic whereas the general U.S. 
population is 50.8% female and 18.5% Hispanic (United States Census 
Bureau, n.d.). 

The cross-sectional design of our study limits the ability to examine 
these relationships over time and to establish causality or temporal re-
lationships among outcomes. Future longitudinal investigations are 
warranted to examine food addiction symptomatology, hedonic hunger, 
temporal discounting, and BMI in a repeated-measures design to clarify 
the trajectory of these outcomes throughout SUD recovery and absti-
nence. Considering that our sample of participants in recovery utilized a 
variety of treatment and maintenance strategies (e.g., twelve-step pro-
grams, therapy and counseling, detoxification with medication), future 
research may examine the particular benefits of different treatment 
modalities on these outcomes. Future research may also investigate 
these outcomes specifically in users of different substances (e.g., alcohol, 
stimulants). 

5. Conclusions 

In this cross-section study, we found that both recovery status and 
temporal discounting predicted hedonic hunger and food addiction 
symptoms, though these predictive relationships were significantly 

affected by demographic characteristics. Our results support the idea 
that drugs of abuse and food engage similar brain circuitry and that 
individuals in recovery from SUDs may experience changes in not only 
drug-related reward processes but food-related reward processes as well. 
Our findings suggest that individuals in recovery from SUD actually 
show improved outcomes in temporal discounting as well as hedonic 
hunger and food addiction. This may be due to the fact that our dataset 
included individuals who were abstinent with a range of times in re-
covery up to 43.2 years (mean 8.4 years), rather than including in-
dividuals only early in recovery. Our findings suggest that the enhanced 
executive control processes needed for successful SUD recovery may 
transfer to other reward-related processes such as food reward and 
consumption. Indeed, previous research has shown that executive 
function improves over the course of recovery from SUDs, and our data 
support the idea that this executive recovery may support other reward- 
related processes as well. Additionally, considering that steep temporal 
discounting was associated with food addiction symptoms, our results 
support the idea that interventions targeted at improving executive 
function including episodic future thinking, meditation, or exercise may 
be excellent ways to support a successful recovery and improve in other 
reward-related processes including food consumption in support of 
decreasing the risk of overweight or obese outcomes during recovery. 
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