
Sex differences in associations between delay discounting and 
expectancies for alcohol analgesia

Erin Ferguson1,2, Darya Vitus1,2, Michelle Williams1,2, Molly Anderson3, Lisa LaRowe4, 
Joseph W. Ditre4, Bethany Stennett1,2, Jeff Boissoneault1,2

1Department of Clinical and Health Psychology, University of Florida, Gainesville, FL, USA

2Center for Pain Research and Behavioral Health, University of Florida, Gainesville, FL USA

3Department of Psychology, University of Florida, Gainesville, FL, USA

4Department of Psychology, Syracuse University, Syracuse, NY, USA

Abstract

Self-medication of pain with alcohol is prevalent, and expectancies for alcohol analgesia likely 

influence pain relief and alcohol consumption. Hazardous alcohol use has been associated 

with greater delay discounting rates, however little is known about the relation between delay 

discounting and expectancies for alcohol analgesia. Therefore, the present study examined sex 

differences in associations between delay discounting and expectancies for alcohol analgesia. 

Healthy drinkers without chronic pain (N=53) completed measures of expectancies for alcohol 

analgesia, alcohol use, and alcohol outcome expectancies. A five-trial adjusting-delay discounting 

task (DDT) for monetary outcomes was also administered. Regression analyses revealed that sex 

moderated the relationship between delay discounting and expectancies for alcohol analgesia. 

Steeper delay discounting rates were associated with weaker expectancies for alcohol analgesia 

among men when adjusting for average alcohol consumption. Among women, non-significant 

associations between delay discounting rates and expectancies for alcohol analgesia were 

observed. These findings provide initial evidence of sex differences in associations between delay 

discounting and expectancies for alcohol analgesia. The directionality of these associations was 

unexpected and may have implications for patterns of self-medication with alcohol.
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Introduction

Alcohol use is highly prevalent (Substance Abuse and Mental Health Services 

Administration, 2018), and associated with significant economic and psychosocial burden 

(Hanson & Li, 2003). Although opioids are often prescribed to treat pain (Volkow 

& McLellan, 2016), pain has become an important factor in understanding alcohol 

consumption, as pain and alcohol use frequently co-occur (Alford et al., 2016; Morasco et 

al., 2011) and co-occurrence rates increase as a function of pain condition severity (Brennan 

& SooHoo, 2013; Larson et al., 2007; McDermott et al., 2018). In fact, the majority of 

patients with an alcohol use disorder (AUD) have chronic non-cancer pain (Boissoneault 

et al., 2019; John & Wu, 2020), and self-medication with alcohol is common among those 

with pain (25–38%) (Alford et al., 2016; Boissoneault et al., 2019; Riley III & King, 2009). 

Notably, self-medication of pain with alcohol is particularly common among men, which 

is consistent with sex differences in drinking patterns observed in the general population 

(Riley III & King, 2009; Wilsnack et al., 2009). However, sex differences in factors that may 

contribute to alcohol use for pain are not fully characterized.

Outcome expectancies, which refer to beliefs about the consequences of a behavior, 

play an important role in both drinking behaviors and pain relief. In particular, alcohol 

outcome expectancies are shaped by indirect and direct experiences with alcohol (Jones et 

al., 2001; Kuntsche & Kuntsche, 2018) and have strong effects on responses to alcohol 

(Satre & Knight, 2001). Studies have found an association between higher positive alcohol 

expectancies and hazardous drinking patterns (Brown et al., 1985; Pabst et al., 2014; Van 

Tyne et al., 2012), as well as a higher likelihood of experiencing positive alcohol-related 

consequences as a result of drinking during the day (Lee et al., 2020). Additionally, 

experimental studies have successfully manipulated alcohol expectancies to both increase 

(Darkes & Goldman, 1993) and decrease alcohol use (Roehrich & Goldman, 1995), 

suggesting expectancies as a potential treatment target. Importantly, research has previously 

documented sex differences in alcohol expectancies. However, evidence is equivocal 

regarding whether men or women are more likely to expect positive effects of alcohol 

(Brown et al., 1980; Kirmani & Suman, 2010; Satre & Knight, 2001), and other research 

suggests that women expect less pleasure and tension reduction and more impairment than 

men (Rohsenow, 1983), while men expect greater aggressive arousal (Brown et al., 1980).

In the context of pain, expectancies may influence the degree to which substance use reduces 

pain in the short-term (Ditre et al., 2019), with repeated episodes of acute pain relief 

potentially strengthening outcome expectancies for substance use as an effective coping 

strategy for pain. Expectancies have long been associated with changes in pain perception 

and placebo analgesia, providing a strong basis of consideration of expectancies in relation 

to pain and substance use (Atlas & Wager, 2012; Benedetti et al., 2011). Research has 

examined substance-use specific expectancies for pain relief among tobacco and cannabis 

users, concluding that stronger expectancies for pain relief were associated with greater 

substance use in patients with and without pain (Earleywine & Bolles, 2014; Parkerson & 

Asmundson, 2016; Slavin et al., 2017). Additionally, the relevance of expectancies to opioid 

analgesia has been demonstrated experimentally, with stronger expectancy predicting greater 

pain reductions (Bingel et al., 2011). It is possible these findings extend to alcohol use, 
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such that positive alcohol expectancies may moderate the effects of pain on alcohol use 

(for theoretical reviews, see Ferguson et al., 2020; Zale et al., 2015). In fact, recent work 

has demonstrated associations between expectancies for alcohol analgesia and quantity/

frequency of alcohol use, pain severity, and coping-related drinking motives among a 

chronic pain sample (LaRowe et al., 2021). Sex differences in expectancies for alcohol 

analgesia were also found in this study, such that men had higher expectancies relative to 

women. Continued research in this area is needed to build upon these findings and further 

characterize expectancies for alcohol-related analgesia, which may affect degree of pain 

relief from alcohol use and alcohol use patterns.

Alcohol use is not only determined by the evaluation of the substance itself, but also by 

tolerance of delays to reward. Delay discounting describes how much value a commodity 

(typically a monetary reward) loses when another variable – delay to receiving the reward 

– increases. More specifically, steep rates of delay discounting indicate a greater sensitivity 

to delayed rewards and an increased likelihood to engage in unhealthy behaviors. Research 

on sex differences in delay discounting is heterogeneous, as some evidence suggests women 

discount delayed monetary rewards at a greater rate than men (Beck & Triplett, 2009; 

Weafer & de Wit, 2014), and other studies have found that men discount at a greater 

rate than women (Dittrich & Leipold, 2014) or found no sex differences at all (Cross et 

al., 2011; Prencipe et al., 2011). Overall, associations have been found between greater 

delay discounting rates and addictive behaviors, including substance use, as well as severity 

and quantity-frequency of these behaviors (Amlung et al., 2017; MacKillop et al., 2011). 

Notably, numerous studies have found that heavy drinkers and those with AUD prefer 

immediate rewards, including intoxication, and demonstrate steeper discounting rates than 

those who do not misuse alcohol (Adams et al., 2017; Gowin et al., 2019; Hamilton & 

Potenza, 2012; Herman & Duka, 2020; MacKillop et al., 2011; Phung et al., 2019).

One previous study suggests a relationship between alcohol expectancies and delay 

discounting. Specifically, Celio et al. (2016) demonstrated that individuals who exhibit 

steeper delay discounting are more likely to act on high-risk, sex-related alcohol 

expectancies (e.g. belief alcohol will enhance sexual behavior); and, in turn, engage 

in hazardous drinking patterns and condomless sex (Celio et al., 2016). Notably, pain-

related expectancies were not assessed in this study, providing support for consideration 

of the relationship between delay discounting and expectancies for alcohol analgesia, 

particularly given that both factors are highly implicated in alcohol misuse. In terms of 

pain self-medication, short-term reduction in pain associated with expectancies for alcohol 

analgesia and subsequent alcohol intake may be preferred over the avoidance of long-term 

consequences associated with alcohol use in individuals with greater delay discounting. 

Examination of this relationship is also critical to potentially identify modifiable targets 

for tailored alcohol interventions. Accordingly, the purpose of this study was to examine 

whether delay discounting rates are associated with expectancies for analgesia from alcohol 

and potential sex differences in this relationship. We hypothesized that higher rates of delay 

discounting would be associated with greater expectancies for alcohol analgesia. Given 

existing literature on sex differences in alcohol consumption, we also hypothesized that sex 

would moderate the relationship between delay discounting and expectancies for alcohol 

analgesia, such that men would have the strongest positive relationship between delay 

Ferguson et al. Page 3

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



discounting and expectancies for alcohol analgesia compared to women. As a secondary and 

exploratory aim, we also examined the relationship between delay discounting and various 

domains of positive and negative alcohol expectancies.

Methods

This is a secondary analysis of data derived from a larger parent study investigating the 

influence of experimentally-induced delayed onset muscle soreness (DOMS) on alcohol 

demand (Stennett et al., 2021). In brief, this study involved randomization of participants 

to either a DOMS or control condition and assessment of changes in demand post-pain 

induction (48 hours after first laboratory session). All procedures were approved by the 

University of Florida Institutional Review Board, and participants provided written informed 

consent prior to study participation.

Participant eligibility and recruitment

Participants were recruited using flyers posted in the community. The basic inclusionary 

criteria were: (1) aged 21–65; (2) average weekly consumption, for the past 6 months, 

of at least one alcoholic beverage; (3) no history of tobacco use, major psychiatric 

disorder, kidney dysfunction, muscle damage, or any chronic medical condition which may 

affect pain perception; (4) no wrist/hand, elbow, or shoulder pain in the past 3 months; 

(5) no engagement in biceps-specific conditioning (e.g. bicep curls, pull-ups, Olympic 

weightlifting) in the past 6 months; (6) no caffeine use 4 or fewer hours before a laboratory 

session; and (7) no substance use which may alter pain perception or hydration status within 

24 hours before a laboratory session.

Procedure

Individuals were scheduled for two laboratory sessions, occurring 48 hours apart. At the 

first session, self-report measures were administered to assess demographics, expectancies 

regarding pain and alcohol, and alcohol use. Participants also completed a delay discounting 

task. Because this analysis used data only from screening measures, additional details 

regarding experimental procedures are omitted.

Self-Report and Behavioral Measures

Demographics—Participants completed a demographics questionnaire, which assessed 

age, race, sex, years of education, employment, and marital status. Demographic information 

was used to characterize the sample. Of note, sex refers to biological sex at birth, rather than 

gender in the present study.

Typical alcohol use—The Alcohol Use Questionnaire (AUQ) is a reliable index of 

alcohol consumption (Cahalan et al., 1969; Townshend & Duka, 2002) which assesses 

average alcohol consumption over the past 6 months, as well as preferred beverage choice. 

Participant responses were used to estimate total quantity-frequency index (total QFI), which 

represents average daily alcohol consumption in ounces of absolute ethanol consumed per 

day. Maximum alcohol consumption in a single day (MaxQ) over the previous 6 months 

was also calculated in ounces of absolute ethanol. Participants were provided with standard 
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drink definitions when asked to detail their typical and maximum alcohol consumption. One 

standard drink is equivalent to approximately .6 ounces of absolute ethanol (EtOH).

Subjective alcohol expectancies

Expectancies for alcohol analgesia.: The Expectancies for Alcohol Analgesia Inventory 

(EAA) is a 5-item measure consisting of alcohol analgesia-related statements (e.g. “I feel 

like drinking alcohol would help me cope with pain”) and 100-point visual analogue scales 

(VAS) anchored from “completely unlikely” to “completely likely.” Broadly, the EAA 

is a measure of the perceived likelihood that alcohol will decrease or help cope with 

pain (LaRowe et al., 2021). Although this measure is new, data indicate excellent internal 

consistency (α=0.97), strong validity, and a one-factor structure (LaRowe et al., 2021). The 

EAA also demonstrated strong reliability in the current study (α=0.94). An average score on 

this measure was computed from these items and used as a continuous dependent variable in 

primary analyses, with higher scores indicating greater expectancies for alcohol analgesia.

Similar to the EAA, the Analgesia Expectancy VAS consists of two alcohol-analgesia related 

statements and corresponding VAS anchors: (1) “When I’m experiencing pain, I expect 

alcohol will provide…” (anchors: “no pain relief at all” to “complete pain relief;” AE VAS 

1) and (2) “When I drink, I expect my sensitivity to pain to be…” (anchors: “strongly 

decreased” to “strongly increased;” AE VAS 2). The second item was reverse-scored so 

that higher scores reflected stronger belief that alcohol would decrease pain sensitivity. The 

Alcohol Analgesia Expectancy VAS was rationally derived by the research team to assess 

alcohol analgesia expectancies related to pain relief and sensitivity. Both items were used 

as dependent variables in primary analyses. Importantly, expectancies for alcohol analgesia 

is an emerging area of research, and it remains unclear if there are multiple meaningful 

facets of expectancies for alcohol analgesia. The Alcohol Analgesia Expectancy VAS was 

included in this study given limited literature related to this topic and because the AE VAS 

2 in particular may reflect a theoretically distinct domain of expectancies that alcohol will 

reduce sensitivity to pain vs. providing relief from pain, per se. The AE VAS 1 may also 

provide a more direct measure of expectancies of pain relief from alcohol compared to the 

EAA.

Alcohol expectancies.: The Alcohol Effects Questionnaire (AEQ) is a forty-item measure 

consisting of statements describing possible effects of heavy alcohol consumption 

(Rohsenow, 1983). Responses of agreement/disagreement are provided on 10-point Likert 

scale (1 = “mildly believe” and 10 = “strongly believe”). Participants were asked to provide 

responses based on their experiences with a heavy amount of alcohol (5 or more drinks per 

occasion). Eight subscales were then derived: 1) global positive, 2) aggression and power, 

3) social expressiveness, 4) social and physical pleasure, 5) relaxation and tension reduction, 

6) cognitive and physical impairment, 7) careless unconcern, and 8) sexual enhancement 

(Brown et al., 1987). The reliability of the AEQ has been demonstrated (Ehrenberg et al., 

2016; O’Hara et al., 2014). For the purposes of this analysis, all subscales derived from the 

AEQ were utilized as dependent variables in secondary analyses.
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Delay Discounting Task (DDT)—A five-trial adjusting-delay discounting task (DDT) 

was administered, in which participants made five subsequent choices between an immediate 

or delayed monetary outcome (“Would you rather have $500 now, or $1000 in ___ days/

weeks/months/years?”) (Koffarnus & Bickel, 2014). The delay was adjusted up or down 

using the following model: if the smaller, immediate monetary outcome is chosen, the 

subsequent choice contained a reduced delay. Conversely, if the participant chose the larger, 

delayed outcome, the next choice contained an increased delay. For example, participants 

were first presented with a choice between receiving $500 now or $1,000 in 3 weeks. If 

a participant chose the immediate option, the delay decreased and the next choice was 

between receiving $500 now or $1,000 in 1 day. Conversely, if a participant chose the 

delayed option, the delay increased and the next choice was between receiving $500 now or 

$1,000 in 2 years. After five choices, the ED50 – or the point at which the larger monetary 

outcome loses half of its subjective value – was determined and the k value was calculated 

(Koffarnus & Bickel, 2014). The inverse of ED50 values (k) was used as the independent 

variable in all analyses.

Analysis Strategy

All analyses were conducted using SPSS Version 25. We used descriptive analyses 

to assess sample characteristics, including socio-demographics and drinking behaviors. 

Delay discounting (k) rates were normalized by logarithmic transformation. Pearson’s 

r correlations were conducted to examine relationships between expectancies for 

alcohol analgesia, alcohol expectancies, delay discounting, and typical drinking behavior. 

Multiple linear regression analyses were then used to assess associations between delay 

discounting rates and expectancies for alcohol analgesia. Sex and log-transformed delay 

discounting rates were mean-centered before generating interaction terms to account for 

multicollinearity (Aiken et al., 1991). Post-hoc multiple linear regressions were conducted 

to decompose significant sex x delay discounting interactions. Regression diagnostics 

were used to identify influential outliers [(DFFITS values >2(k + 1/n)1/2; Mahalanobis 

distance values with p<.001 criterion; leverage values >2(k + 1)/n] (Aguinis et al., 

2013; Belsley et al., 2005). To address our secondary aim, multiple linear regression 

analyses examined relationships between delay discounting rates and alcohol expectancies. 

Given their exploratory nature, these analyses were adjusted using False Discovery Rate 

(Benjamini & Hochberg, 1995) correction to reduce the potential for Type I Error. All 

analyses adjusted for average alcohol consumption in the past six months (total QFI), 

and bootstrapped moderation analyses were conducted using PROCESS, a custom dialog 

developed for SPSS (Hayes, 2013). Bootstrapping was performed with 5,000 resamples. 

Non-systematic responses on the Alcohol Purchase Task in the larger study (Stennett et al., 

2021) resulted in exclusion of one participant from analyses (remaining n=53).

Results

Sample Characteristics

In the total sample (N=53), over half (56.6%) were female. Participants were 26.28 years 

of age (SD=9.91) and had completed 16.32 years of education (SD=2.13) on average. 

Most of the sample identified as White (83%) and non-Hispanic (83%). The majority of 
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participants were currently employed (62.3%) and single (71.7%). On average, participants 

reported drinking 0.843 (SD=.76) oz. of absolute ethanol per day (total QFI; ~1.4 standard 

drinks), as well as a maximum of 5.34 (SD=2.70) oz. of absolute ethanol within a single day 

period during the past 6 months (MaxQ; ~8.9 standard drinks). The mean log-transformed 

delay discounting rate (k) was −2.33 (SD=.55). Average scores on expectancy for alcohol 

analgesia measures adjusted for typical drinking and delay discounting were as follows: 

EAA (M=44.29, SD=22.71), AE VAS 1 (M=34.19, SD=24.10), AE VAS 2 (M=68.91, 

SD=16.09). Additionally, expectancy for alcohol analgesia scores ranged from 1–89.40 

(EAA), 1–89 (AE VAS 1), and 29–99 (AE VAS 2). Significant differences between men 

and women were observed for total QFI [t(26.89)= −2.64, p=.01] and MaxQ [t(51)= −2.19, 

p=.03], such that men had higher typical and maximum absolute ethanol consumption. Years 

of education was also significantly higher for men compared to women, t(51)= −2.10, p=.04.

Correlations between expectancy measures, delay discounting, and typical drinking 
behavior

Correlations between expectancies for alcohol analgesia, alcohol expectancies, delay 

discounting, and QFI and MaxQ are presented in Table 2. All expectancies for alcohol 

analgesia were significantly correlated (ps<.001), and the eight subscales of alcohol 

expectancies demonstrated some intercorrelation. There was also some intercorrelation 

among the expectancies for alcohol analgesia measures and the subscales of alcohol 

expectancies. Delay discounting rates were not significantly related to expectancies for 

alcohol analgesia (ps>.05). Of the alcohol expectancy subscales, delay discounting was 

significantly correlated with Aggression and Power (p=.03) and Careless Unconcern 

(p=.03). Total QFI and MaxQ were not associated with delay discounting or expectancies for 

alcohol analgesia. MaxQ was significantly correlated with the AEQ Cognitive and Physical 

Impairment subscale (p=.05).

Associations between delay discounting and expectancies for alcohol analgesia

Multiple linear regression analyses were conducted using PROCESS to determine the 

relationship between delay discounting rates and alcohol analgesia expectancies, as well 

as to assess potential sex differences. Three separate regression models were conducted to 

investigate associations with each of the measures of expectancies for alcohol analgesia: 

EAA, AE VAS 1, AE VAS 2.

The overall EAA model was non-significant and accounted for 13.4% of the variance in 

expectancies for alcohol analgesia [F(4, 48)=1.85, p=.13]. Delay discounting rates (b=−2.78, 

p=.64, 95% CI [−14.65 – 9.08]), total QFI (b=4.79, p=.29, 95% CI [−4.25 – 13.82]), and sex 

(b=−1.47, p=.67, 95% CI [−8.33 – 5.38]) did not significantly predict EAA scores. The sex 

× delay discounting interaction was significant (b=−15.55, p=.01, 95% CI [−27.67 – −3.43]).

For AE VAS 1, the regression model was significant and accounted for 18.6% of the 

variance in expectancies for alcohol analgesia [F(4, 48)=2.74, p=.04]. The main effects of 

delay discounting rates (b=−.46, p=.94, 95% CI [−13.07 – 12.15]), and sex (b=−4.07, p=.27, 

95% CI [−11.35 – 3.22]) were non-significant, while total QFI (b=9.58, p=.05, 95% CI [−.01 
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– 19.18]) was a significant predictor of AE VAS 1 scores. The sex × delay discounting 

interaction was also significant (b=−16.87, p=.01, 95% CI [−29.75 – −4.00]).

The AE VAS 2 model was non-significant and accounted for 15.3% of the variance 

in expectancies for alcohol analgesia [F(4, 48)=2.17, p=.09]. The main effects of delay 

discounting rates (b=−6.32, p=.14, 95% CI [−14.74–2.11]) and total QFI (b=5.33, p=.10, 

95% CI [−1.08–11.74]) were non-significant. Sex was a significant predictor of AE VAS 2 

scores (b=−5.53, p=.03, 95% CI [−10.40–−.66]), such that women reported higher average 

scores than men. The sex × delay discounting interaction was not significant (b=−8.00, 

p=.07, 95% CI [−16.60–.61]).

Decomposition of interaction effects indicated differential associations between delay 

discounting rates and alcohol analgesia expectancies for men and women, while controlling 

for average alcohol consumption. For women, positive associations between delay 

discounting rates and EAA (b=13.06, p=.07), AE VAS 1 (b=15.41, p=.07), and AE VAS 

2 (b=2.24, p=.67) were non-significant. For men, delay discounting rates were a significant 

negative predictor of EAA (b=−21.60, p=.05), AE VAS 1 (b=−20.20, p=.05), and AE VAS 2 

(b=−16.21, p=.03). [Insert Figures 1, 2, 3].

Mahalanobis distance, leverage, and standardized DF Fit statistics were considered to 

examine influential outliers, and this resulted in identification of 6 potentially influential 

cases using their respective cutpoints [(DFFITS values >2(k + 1/n)1/2; Mahalanobis distance 

values with p<.001 criterion; leverage values >2(k + 1)/n]. The pattern and significance 

of results remained unchanged when these cases were removed from analyses. Therefore, 

the results are presented with all cases included. Analyses excluding influential cases are 

reported in the Supplemental Materials.

Exploratory Analyses Without Inclusion of Typical Drinking as Covariate

Additional post-hoc multiple linear regression analyses were conducted to determine the 

relationship between delay discounting and expectancies for alcohol analgesia without 

adjustment for typical alcohol consumption. Results were similar to those of the original 

analyses, such that the sex × delay discounting interaction remained significant for the EAA 

and AE VAS 1 models. Decomposition of interaction effects revealed attenuated negative 

associations between delay discounting rates and all alcohol analgesia expectancy measures 

for men (ps>.05). For women, delay discounting rates were a significant positive predictor 

of AE VAS 1 scores (b=15.74, p=.05), while associations with other alcohol analgesia 

expectancy measures remained non-significant (ps>.05). These analyses are further detailed 

in the Supplemental Materials.

Associations between delay discounting and alcohol expectancies

Separate multiple linear regressions assessed associations between delay discounting rates 

and all positive and negative domains of alcohol expectancies derived from responses to the 

AEQ. Potential sex differences were also examined. Non-significant main effects of sex and 

delay discounting rates were observed for all domains (ps>.05). Additionally, sex × delay 

discounting interactions were non-significant for all domains (ps>.05).

Ferguson et al. Page 8

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion

This study examined the moderating role of sex in the relationship between delay 

discounting rates and expectancies for alcohol analgesia in a sample of healthy drinkers. 

Delay discounting and expectancies for alcohol analgesia are each highly relevant to 

understanding self-medication of pain. We hypothesized that these factors would be 

positively associated given that short-term reduction of pain with alcohol may be preferred 

to avoidance of long-term consequences associated with alcohol use in individuals with 

greater delay discounting rates. We also predicted that this relationship would be strongest 

in men compared to women. Consistent with hypotheses, findings suggested sex-specific 

associations between delay discounting and expectancies for alcohol analgesia. However, 

the directionality of these associations was contrary to our expectation and epidemiological 

patterns of self-medication of pain with alcohol. Specifically, we found that, after accounting 

for individual differences in typical drinking behavior, steeper delay discounting rates 

were associated with weaker expectancies for alcohol analgesia among men. For women, 

non-significant associations between delay discounting rates and expectancies for alcohol 

analgesia were observed. This pattern of results was weakened when typical drinking was 

not included as a covariate (see Supplemental Materials), suggesting alcohol use patterns 

may be an important contributor to these relationships. Overall, we did not observe a similar 

pattern of findings in secondary analyses, as no main or interactive effects of sex or delay 

discounting were found on positive and negative alcohol expectancies unrelated to analgesia. 

This may suggest that delay discounting is most salient to understanding expectancies for 

alcohol analgesia vs. other positive and negative domains of alcohol expectancies, at least in 

this population. It also provides additional evidence that alcohol analgesia may be a distinct 

dimension of alcohol expectancies.

Women in this study endorsed significantly greater expectancies for alcohol analgesia than 

men, although this difference was only significant for the AE VAS 2, which pertains to 

alcohol-related reductions in pain sensitivity. No significant sex differences were observed 

for the other alcohol analgesia measures (EAA and AE VAS 1), which primarily reflect 

expectancies of pain reduction and relief from pain respectively. However, sex moderated 

the relationship between delay discounting rates and expectancies for alcohol analgesia 

measured by the EAA and AE VAS 1, rather than the AE VAS 2. Subtle differences 

in the domain of alcohol analgesia expectancies assessed across these measures (e.g. 

expectancies of pain relief vs. pain sensitivity reduction) may explain discrepancies in 

associations observed in the present analyses. Of note, the VAS measures were single-item, 

and additional work is needed to determine whether there may be more than one meaningful 

component of expectancies for alcohol analgesia. Nonetheless, differences in results across 

alcohol analgesia measures in this study may be useful for characterizing expectancies for 

alcohol analgesia and sex differences within potential constituent dimensions.

Overall, our finding is counterintuitive given epidemiological data suggesting that men are 

more likely to self-medicate their pain with alcohol (Riley III & King, 2009). However, 

our study cannot address the association between expectancies for alcohol analgesia and 

likelihood of engaging in self-medication behavior in the context of pain. We are unaware 

of previous studies addressing the causal relationship between expectancies for alcohol 
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analgesia and alcohol use for pain, and it is likely that numerous other factors, such pain-

related attitudes (Bartley & Fillingim, 2013), willingness to seek healthcare (Robinson et 

al., 2001), and response to stress (Peltier et al., 2019), contribute to sex differences in 

decisions to use alcohol for pain self-management. With that said, these factors may help 

to account for the apparent discrepancy between greater expectancy for alcohol analgesia in 

women, as measured by the AE VAS 2, and more frequent self-medication of pain in men. 

Future prospective work should test whether delay discounting predicts the development of 

expectancies for alcohol analgesia, and whether this leads to increased drinking behavior.

The current study also demonstrated that men reporting greater delay discounting appear to 

hold weaker alcohol-related expectancies for pain relief and pain coping. In other words, 

for men, greater sensitivity to delayed rewards was related to weaker belief that alcohol 

use would be an effective analgesic. This is surprising given research suggesting delay 

discounting may be a useful behavioral marker for substance use and other maladaptive 

health concerns (Bickel et al., 2014), and underlying mechanisms are unclear. One possible 

interpretation is that men may hold stronger expectancies of adverse consequences related 

to using alcohol for pain (i.e. increased pain, pain as barrier to cessation) (Ditre et al., 

2019), which may reduce outcome expectancies for the utility of alcohol use as an effective 

coping strategy. Although this interpretation contrasts previous findings suggesting greater 

expectancy for alcohol analgesia scores in men compared to women (LaRowe et al., 2021), 

differences in our pattern of results may be explained by our recruitment of a sample without 

chronic pain. It is also possible that an unmeasured third factor underlies this association, 

such as a personality or trait-level factor. Future research should account for these variables, 

as well as other potentially important moderating factors, such as negative urgency or history 

of self-medication with alcohol. Moreover, future studies should attempt to replicate the 

present findings with larger samples and determine if greater delay discounting rates are 

related to less self-medication with alcohol among men.

This study did not find relationships between delay discounting rates or expectancies 

for alcohol analgesia and alcohol use. However, previous research indicates associations 

between expectancies for alcohol analgesia and quantity/frequency of alcohol use and 

hazardous alcohol use among individuals with chronic pain (LaRowe et al., 2021). 

Further, steep delay discounting rates have been associated with alcohol use severity and 

quantity/frequency (Amlung et al., 2017; MacKillop et al., 2011). Taken together, previous 

literature suggests two potential intervention targets —delay discounting and expectancies 

for analgesia— and both have been successfully addressed by prior interventions (Ditre et 

al., 2010; Rung & Madden, 2018; Scholten et al., 2019). However, results from this study 

do not provide additional support for these intervention targets. Our use of a healthy sample 

without chronic pain that reported relatively moderate alcohol use (i.e., at least one drink per 

week), rather than heavy alcohol use, may explain discrepancies in findings due to restricted 

range in typical alcohol consumption. It is also possible that our findings did not capture 

significant associations between delay discounting rates and alcohol use due to the brief 

adjusting-amounts discounting task for monetary outcomes that was administered in this 

study. Additionally, studies have demonstrated that drinkers show greater delay discounting 

with alcohol rewards compared to monetary rewards (Adams et al., 2017; Moody et al., 

2017), and discounting of both pain and money losses has been associated with risk for 
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opioid misuse (Tompkins et al., 2016). These findings suggest that use of cross-commodity 

or commodity-specific discounting tasks may be an important consideration for future 

research. Future work should also consider including a full adjusting-amounts discounting 

task in order to more comprehensively examine the relationship between delay discounting 

and expectancies for alcohol analgesia.

This study has several notable limitations. Results should be interpreted with caution due 

to a relatively modest sample size. This study was also cross-sectional in nature, which 

does not allow for inferences about causality in the delay discounting-expectancies for 

alcohol analgesia relationship. Further, it is possible that our findings may have limited 

generalizability to certain key populations, such as middle-aged and older adults, individuals 

with low socioeconomic status, other races/ethnicities, heavy drinkers, and individuals who 

use tobacco. This study used a hypothetical measure of delay discounting, rather than actual 

monetary rewards or alcohol-related rewards. It is possible that use of real commodities 

may have altered our pattern of results; however, previous research has documented 

correspondence between discounting of hypothetical and real monetary rewards (Madden 

et al., 2003).

Importantly, future research would benefit from investigating whether current results 

correspond to sex differences in associations between delay discounting and alcohol use to 

manage pain. These relationships should also be examined among individuals with chronic 

pain, as expectancies for alcohol analgesia may differ between individuals with and without 

chronic pain (Ditre et al., 2019; LaRowe et al., 2021). Of note, our data suggest that 

relatively young, healthy drinkers in this study had strong expectancies for alcohol analgesia, 

making them an appropriate sample for this study. It is likely that they were able to develop 

expectancies for alcohol analgesia due to experiences/familiarity with alcohol or pain (e.g. 

headaches, sprains) or sociocultural influences (Asmundson et al., 2014; Johnson et al., 

1990). Finally, it is possible that delay discounting in this study may serve as a distinct, 

behavioral marker of impulsivity (Bickel & Madden, 1999; MacKillop et al., 2011), which is 

widely considered to be a heterogeneous construct with multiple dimensions (Caswell et al., 

2015, 2016; Dick et al., 2010; Reynolds et al., 2006). Future research efforts that attempt to 

replicate our findings should consider including other measures of impulsivity to understand 

associations with expectancies for alcohol analgesia.

Taken together, results of this study indicate sex differences in the relationship between 

delay discounting and expectancies for alcohol analgesia, two factors which may contribute 

to alcohol misuse. Interestingly, men with greater rates of delay discounting appear to 

have lower expectancies for alcohol analgesia, which may have implications for alcohol 

self-medication patterns. Future research is needed to continue to clarify these relationships 

and improve understanding of sex differences in factors that may underlie self-medication of 

pain with alcohol.
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Public Health Significance –

This study suggests differential associations between delay discounting and expectancies 

for alcohol analgesia for men and women. Results are relevant to understanding patterns 

of self-medication of pain with alcohol, which is a growing public health concern.
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Figure 1. 
Scatter plots displaying the significant sex × delay discounting interaction on expectancies 

of analgesia (EAA) after controlling for average alcohol consumption. A positive linear 

relationship between delay discounting rates and expectancies of analgesia was observed for 

women (R2 = .12, b = 13.06, p = .07), while a negative linear relationship between delay 

discounting rates and expectancies of analgesia was observed for men (R2 = .22, b = −21.60, 

p = .05).
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Figure 2. 
Scatter plots depicting the significant interaction between sex and delay discounting on 

expectancies of analgesia (AE VAS 1) after controlling for average alcohol consumption. A 

positive linear relationship between delay discounting rates and expectancies of analgesia 

was observed for women (R2 = .13, b = 15.41, p = .07), while a negative linear relationship 

between delay discounting rates and expectancies of analgesia was observed for men (R2 = 

.30, b = −20.20, p = .05).
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Figure 3. 
Scatter plots displaying the sex × delay discounting interaction on expectancies of analgesia 

(AE VAS 2) after controlling for average alcohol consumption. A positive linear relationship 

between delay discounting rates and expectancies of analgesia was observed for women (R2 

= .02, b = 2.24, p = .67), while a negative linear relationship between delay discounting rates 

and expectancies of analgesia was observed for men (R2 = .31, b = −16.21, p = .03).
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Table 1.

Selected demographics of participants

Variable Entire Sample Men Women

N (% of total), M (SD) N (% of total) or M (SD) N (% of total) or M (SD)

53 23 (43.4) 30 (56.6)

Age (years) 26.3 (9.91) 27.6 (10.4) 25.3 (9.6)

Race, n (%)

White 44 (83) 19 (35.8) 25 (47.2)

Black 2 (3.8) 0 (0) 2 (3.8)

Asian or Pacific Islander 4 (7.5) 1 (1.9) 3 (5.7)

Other or multiple races 3 (5.7) 1 (1.9) 2 (3.8)

Years of education* 16.32 (2.13) 17 (2.45) 15.8 (1.71)

QFI (oz. EtOH/day)* 0.84 (.76) 1.17 (0.99) .60 (0.38)

MaxQ (oz. EtOH)* 5.34 (2.70) 6.24 (2.91) 4.66 (2.35)

Log-transformed k −2.33 (0.55) −2.42 (0.48) −2.27 (0.6)

EAA 45.67 (22.87) 46.16 (24.29) 45.29 (22.13)

AE VAS 1 36.02 (25.06) 34.96 (23.55) 36.83 (26.53)

AE VAS 2 70.24 (16.42) 66.46 (16.78) 73.15 (15.80)

EAA
a 44.29 (22.71) 42.81 (23.88) 45.76 (23.17)

AE VAS 1
a 34.19 (24.10) 30.13 (25.37) 38.26 (24.65)

AE VAS 2
a 68.91 (16.09) 63.38 (16.93) 74.43 (16.43)

*
p<.05 in t-test analyses

a
Marginal means adjusting for delay discounting and QFI
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