
Within- and between-person effects of naltrexone on subjective 
response to alcohol and craving: A daily diary investigation

Jack T. Waddell1, William R. Corbin1, David P. MacKinnon1, Robert F. Leeman2,3, Kelly S. 
DeMartini2, Lisa M. Fucito2, Henry R. Kranzler4, Stephanie S. O’Malley2

1Arizona State University, Department of Psychology

2Yale School of Medicine, Department of Psychiatry

3University of Florida, Department of Health Education and Behavior

4University of Pennsylvania Perelman School of Medicine, Department of Psychiatry

Abstract

Objective: Naltrexone is an effective treatment for heavy drinking among young adults, and 

laboratory-based studies have shown that naltrexone dampens the subjective response to alcohol 

and craving. However, few studies have tested naltrexone’s dynamic, within-person effects on 

subjective response and craving among young adults in natural drinking environments.

Methods: Using daily diary data from a randomized, placebo-controlled study of naltrexone 

efficacy in young adults, we examined the between-person effects of treatment condition (i.e., 

naltrexone vs. placebo) and medication dosage (daily, targeted, daily+targeted) on the subjective 

response to alcohol and craving on drinking days. Multilevel mediation models predicted 

subjective response and craving from treatment condition (between-person) and medication 

dosage (within-person), accounting for drinking levels. All effects were disaggregated within- 

and between-person.

Results: At the between-person level, naltrexone directly blunted intense subjective effects 

(i.e., “impaired”, “drunk”), and indirectly blunted subjective effects through reduced drinking. 

Naltrexone was not associated with craving. Between-person effects were not significant after 

alpha correction, but their effect sizes (bs=.14-.17) exceeded the smallest effect size of interest. At 

the within-person level, taking 2 (vs. 1) pills was associated with heavier drinking, and taking 1 

(vs. 0) pills was associated with lighter drinking, and lighter drinking was associated with a lower 

subjective response and craving. Treatment condition did not moderate the within-person effects of 

dosing on outcomes.

Conclusions: The findings suggest that the direct between-person effect of naltrexone was 

largest on intense subjective responses, blunting feeling “drunk” and “impaired”. Future research 

using momentary (rather than daily) assessments could confirm and extend these findings.
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Introduction

Heavy drinking (4+ drinks for women, 5+ for men) is a serious public health problem, 

as it has myriad negative consequences, including risk of Alcohol Use Disorder (AUD; 

NIAAA, 2018; Perkins, 2002; Waddell et al., 2021; Waddell, 2021; Wechsler et al., 2004). In 

response to growing rates of heavy drinking (Grant et al., 2017), several studies have found 

that motivational and skills-based interventions reduce heavy drinking, particularly in young 

adults (Marlatt et al., 1998; Turrisi et al., 2009). However, these interventions have small 

effects on typical drinking quantity and are least effective for the heaviest drinkers (Carey 

et al., 2007; Huh et al., 2015). Naltrexone, an opioid antagonist, is thought to blunt the 

rewarding effects of alcohol and reduce craving (Ray et al., 2019), and may be efficacious 

in augmenting motivational/skills-based interventions. However, research on naltrexone for 

prevention/early intervention is limited, and little is known about its underlying dynamics in 

heavy drinking young adults. In addition, most studies investigating mechanisms of change 

have not employed ecological methods, nor have they differentiated between-person from 

within-person effects. Therefore, the current study tested the effects of naltrexone on within- 

and between-person changes in subjective response to alcohol and craving in a randomized, 

placebo-controlled trial of young adults utilizing daily diaries during the course of the 

intervention.

Prior studies have shown that naltrexone reduces drinking and relapse rates in clinical 

settings, with small to medium effect sizes (Anton et al., 2006; Maisel et al., 2013; 

O’Malley et al., 1992; Srisurapanont & Jarusuraisin, 2005; Volpicelli et al., 1992). However, 

naltrexone may also be useful in treating heavy-drinking young adults who are not interested 

in pursuing a goal of abstinence. Targeting this subgroup may reach more heavy drinkers, 

reducing their risk of developing an AUD or facilitating their recovery from AUD. Young 

adults often report low motivation to change or abstain from drinking (Dimeff et al., 1999), 

but may be more open to the relatively low-burden commitment of taking naltrexone (Epler 

et al., 2009). Several recent studies have shown that naltrexone reduces drinks per drinking 

day, BAC levels, and abstinent days in non-treatment seeking samples (Bold et al., 2017; 

Leeman et al., 2008; Miranda et al., 2014; O’Malley et al., 2015; Tidey et al., 2008), and 

several of these effects are maintained over time (DeMartini et al., 2016). Thus, promoting 

naltrexone treatment in young adults may reduce heavy drinking in a broader group of 

drinkers, and introduce little burden to their daily lives.

The efficacy of naltrexone in clinical and non-clinical samples has spurred research on 

mechanisms of change, primarily using laboratory-based studies. Several studies have shown 

that naltrexone reduces alcohol craving (Ray et al., 2019; Anton et al., 2004; Drobes et 

al., 2004; Hendershot et al., 2017; O’Malley et al., 2002), a proximal predictor of drinking 

behavior (Fazzino et al., 2014). In addition, several studies have shown that naltrexone 

blunts the subjective effects of alcohol (Ray et al., 2019; Drobes et al., 2004; McCaul et 
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al., 2000; Ray et al., 2007; Setiawan et al., 2011), particularly those that are rewarding 

and highly arousing (Ray et al., 2019), which are also a proximal predictor of drinking 

behavior (King et al., 2011; 2014; Morean et al., 2013; Waddell et al., 2020). Naltrexone 

may simultaneously enhance the sedative effects of alcohol, though meta-analytic findings 

show this effect is only seen in light/novice drinkers (Ray et al., 2019).

Although prior studies have examined effects of naltrexone on subjective response, 

most use laboratory-based assessments, reducing generalizability to naturalistic drinking 

environments. Some studies have begun to explore naltrexone effects on craving at the daily 

level (e.g., Mann et al., 2018; Witkiewitz et al., 2019), however we are aware of only two 

studies that have tested the effects of naltrexone on subjective response using ecological 

methods. In a sample of adolescents, Miranda et al. (2014). found that naltrexone was 

associated with less stimulant and greater sedative subjective responses. This study also 

showed that naltrexone blunted craving at higher estimated breath alcohol concentrations 

(eBACs). Tidey et al. (2008) found that, in adult (Mage=29.01) heavy drinkers, naltrexone 

was associated with less urge to drink and with blunted stimulant alcohol effects (in women) 

using 3 weeks of daily EMA data. Given particularly high rates of heavy drinking and AUDs 

(Grant et al., 2017) in young adults (e.g., aged 18-25), it is important to replicate and extend 

the results of prior studies with adolescents and older adults in samples of heavy drinking 

young adults. In addition, measuring relations among naltrexone, subjective response, and 

craving over a longer period of time is important to capture effects across multiple drinking 

episodes during treatment.

Therefore, the current study used data from a randomized controlled trial (O’Malley et 

al., 2015) that tested the efficacy of daily + targeted naltrexone vs. placebo in reducing 

drinking in young adults. In this study, participants were asked to take one pill (25 mg of 

either naltrexone or placebo) each day of the study and another pill (25 mg of the same 

substance) in anticipation of drinking. Participants were asked to fill out daily diaries during 

the study to report on the past-day number of pills taken (0, 1, or 2), amount of alcohol 

consumed, subjective response when drinking, and alcohol craving. We tested the effects of 

naltrexone (vs. placebo) on alcohol craving and subjective response, accounting for levels 

of drinking during the 8-week treatment period. Controlling for the level of drinking is 

important because naltrexone could have direct effects on subjective response and craving 

or indirectly reduce alcohol response by reducing drinking. At the between-person level 

(averaged across drinking days), we hypothesized that naltrexone treatment (compared to 

placebo) would be associated with both dampened subjective response and craving on 

drinking days. We anticipated naltrexone to have the largest effect on rewarding/stimulant 

subjective response. Participants were asked how “buzzed”, “drunk”, and “impaired” 

they felt when drinking, and we hypothesized the strongest effects for the “buzzed” 

subjective response item. Although “buzzed” does not appear as an item on established 

measures of subjective response, some research suggests that “buzzed” maps onto the 

same factor as other positively-reinforcing/stimulating effects such as feeling sociable and 

talkative (Fleming et al., 2016). Thus, of the items measured, we believe “buzzed” best 

represents rewarding/positively reinforcing effects. Because past research suggests that items 

measuring impairment (e.g., “drunk”, “impaired”) load onto a sedative alcohol effects factor 

(Morean et al., 2013), and naltrexone’s effects on sedation are unclear in heavy drinking/
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clinical populations (Ray et al., 2019), we considered the examination of these effects 

exploratory. We also anticipated indirect effects of naltrexone on subjective response/craving 

through reduced drinking as individuals who drink less are likely to experience weaker 

overall effects; however, our main hypotheses concerned the direct effects of naltrexone on 

the subjective response and craving. Finally, we hypothesized that treatment condition (at the 

between-person level) would moderate the effect of medication dosage (at the within-person 

level) on within-day drinking. Because research has shown that naltrexone may be most 

efficacious on a targeted basis (i.e., when taken before a drinking episode; Kranzler et 

al., 2014), we hypothesized that the effect of medication dosage on day-to-day changes in 

subjective response would be stronger in the naltrexone condition (compared to placebo). 

This was based on the supposition that the blunting effect of naltrexone on subjective 

response would be more prominent on days when more medication was taken.

Materials and Methods

Participants

This study involved secondary analysis of data from an 8-week randomized controlled 

trial of naltrexone’s efficacy in reducing heavy drinking (O’Malley et al., 2015). The 

original study randomized 140 young adult drinkers (79% current AUD) to receive either 

naltrexone (25 mg daily+25 mg targeted) or placebo (placebo daily+placebo targeted) 

medication. A total of 115 (47% naltrexone) participants provided data between weeks 3-8 

(see data analytic plan for details). Eligible participants were aged 18-25, endorsed 4+ past-

month heavy drinking days, were fluent in English, and not pregnant/nursing. Participants 

were excluded if they endorsed serious psychiatric disorders or past-month DSM-IV drug 

dependence other than nicotine. The current sample (See Tables 1–3) had a mean age of 

21.24 (SD = 2.16) and was predominately male (68%).

Procedures

Study procedures were approved by the Institutional Review Board at Yale University. 

Participants were recruited throughout the surrounding community via fliers and online 

advertisements, screened via phone, and then brought into the clinic for informed consent 

and in-person evaluation. Eligible participants were randomized to receive either naltrexone 

or placebo. Individuals were instructed to take a daily dose of the assigned study medication 

(25 mg active naltrexone or placebo), and at the second week, were instructed to also take 

a targeted dose (25 mg active or placebo) in anticipation of drinking or high-risk situations. 

Each morning, as part of a web-based daily diary, participants were asked to report their 

previous-day medication usage and drinking quantity, and to rate their alcohol craving 

and subjective response. Participants could receive up to $415 for attending all scheduled 

appointments and completing all daily assessments.

Measures

Demographics—Participant’s biological sex was assessed at baseline.

Family History.—Family history of AUD (0=no family history, 1=family history) was 

assessed via the Family History Assessment Module (Rice et al., 1995).
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Daily Measures

All daily measures were assessed the next morning, during which participants rated variables 

from the past day/evening.

Alcohol Craving.—Craving was assessed via 3 items from the Alcohol Urge 

Questionnaire (Bohn et al., 1995). These items (i.e., “The idea of drinking was appealing”, 

“I felt like I could have really used a drink”, “I really didn’t feel like drinking [reverse 

coded]”) were averaged to create a composite craving measure (α = .69). Responses ranged 

from (1) Strongly Disagree to (9) Strongly Agree.

Subjective Response.—Subjective response was assessed via three items asking how 

“buzzed”, “drunk”, and “impaired” the participant felt the past evening on a scale of 0-10.

Drinking Quantity.—Participants were asked “how many standard drinks did you have 

yesterday? A standard drink was defined as a 12-ounce beer, a 5-ounce glass of wine, or 1 ½ 

ounces of liquor”.

Medication Dosage.—Participants were asked whether they took a daily and/or targeted 

dose of medication the past day. We created two contrast codes comparing no pills to 1 pill 

(none vs. daily), and 2 pills to 1 pill (daily + targeted vs. daily).

Data Analysis

All variable distributions were examined for outliers. Variables with values higher than 3 

standard deviations (SDs) above the mean (1% of all cases) were replaced with the next 

highest value outside the distribution (Tabachnick & Fidell, 2001). We corrected for any 

further non-normality by using Robust Maximum Likelihood (MLR) estimation in Mplus 

Version 8.5. Due to the focus on within-person effects of daily/targeted naltrexone, and 

because participants were asked to start taking daily naltrexone in week one but were not 

instructed to begin taking targeted naltrexone until week two, we excluded data from the 

first two weeks of the study. This was done to give participants ample time to acclimate to 

the medication regimen. Further, due to the focus on subject response and in line with prior 

EMA naltrexone studies (e.g., Miranda et al., 2014), we restricted analyses to drinking days 

(non-drinking days were casewise deleted).

A series of multilevel mediation models were tested with study day (Level 1) nested within 

person (Level 2). For each multilevel mediation model, all paths were specified within 

one mediation model in Mplus Version 8.5. First, we tested whether treatment condition 

(naltrexone vs. placebo) had a direct effect on subjective response and craving (separately), 

controlling for the effect of drinking quantity. We believe that these analyses are important 

as they represent a between-person test of naltrexone’s effects on subjective response using 

ecologically valid, daily measures of subjective response in the individual’s life. In addition, 

accounting for drinking quantity at the day level allows for a test both of naltrexone’s 

direct effects on subjective response and its indirect effects that operate through reduced 

consumption. Although Miranda et al. (2014) accounted for eBAC in analyses, Tidey et al. 

(2008) did not.
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Each subjective response item (buzzed, drunk, impaired) was entered into a separate model. 

Because treatment condition was a fixed level 2 effect (i.e., no variability within person), 

the effects of treatment condition on subjective response and craving were modeled as 

aggregate effects at the between-person level (Level 2). Drinking quantity was specified 

as a predictor of subjective response and craving at both the between- (average drinking 

quantity on drinking days) and within-person (drinks on a particular day) levels. Although 

it is theoretically appealing to model drinking quantity as the ultimate outcome at both 

levels, accounting for drinking quantity when predicting subjective response and craving is 

essential. Subjective response is contingent on the amount of alcohol consumed, and prior 

research also suggests that drinking may affect ratings of alcohol craving (e.g., Trela et 

al., 2018). Thus, treatment condition was specified as a predictor of subjective response, 

drinking quantity, and craving, and drinking quantity was specified as a predictor of 

subjective response and craving at the between-person level. At the within-person level, we 

modeled effects of medication dose on drinking quantity, subjective response, and craving, 

and the effects of drinking quantity on subjective response and craving. We included 

whether it was a weekday/weekend as a within-person covariate, as weekends are associated 

with heavier drinking (Kuntsche & Cooper, 2010); we also included day of treatment (with 

the 3-week mark coded as day 1) to identify changes over time in the effects of dose on 

the outcomes. Between-person covariates included family history of AUD, percent drinking 

days that medication was taken, and sex (only for drinking quantity). Family history of 

AUD and sex are strong correlates of heavier drinking, and we deemed percent drinking 

days that medication was taken an important covariate to account for variance due to 

participant dosing variability. We also covaried the number of drinking days available for 

each participant across the study period to account for non-compliance with daily diaries. 

Indirect effects were tested using the product of coefficients method (Tofighi & MacKinnon, 

2011).

Next, we tested cross-level interactions via a multiple group multilevel mediation model 

to assess whether a higher daily medication dosage was associated with less subjective 

response and/or craving in the naltrexone condition (compared to placebo). This effectively 

tests whether the effect of medication dosage on subjective response and craving at the 

daily level depends on treatment condition (i.e., whether higher medication dosage predicts 

lower subjective response only for those in the naltrexone condition). All paths from 

previous models (except for treatment condition as a predictor variable) remained the 

same. Treatment group differences were tested by comparing scaled chi-square difference 

estimates from a model allowing paths from medication dose to subjective response 

(separate models) and craving to freely vary to a model constraining these paths to be 

equal. In the presence of a significant chi-square difference test, single degree of freedom 

testing was used to determine which paths were moderated by treatment condition.

All multilevel models used group/person-mean (Level 1) and grand-mean (Level 2) 

centering for all continuous predictors. For each within-person effect, we refer to deviation 

from a person’s mean score for each continuous predictor. All models included random 

intercepts for each mediator and outcome, which is the default in MPlus Version 8.51. 

Residual variances were specified at level 2, in line with recommendations from Preacher et 

al. (2010). Model fit was assessed using standard guidelines (Hu & Bentler, 1999), where 
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adequate fit is reflected by CFI and TLI values close to 0.95, RMSEA values close to 0.06, 

and SRMR values close to 0.08.

For the current study, we specified b=.13 as the post hoc Smallest Effect Size of Interest 

(SESOI). In a review of naltrexone efficacy, Ray et al. (2019) found small effects of 

naltrexone on craving (hedges g=.20) and stimulant subjective response (hedges g=.23), 

which correspond to effect sizes of b=.13 and b=.15, respectively (Brydges, 2019). Thus, 

we used the lower of the two effect sizes (i.e., b=.13) as our SESOI. The current study 

was designed to detect a small-to-moderate between-person effect of naltrexone on reduced 

drinking; power calculations from the initial grant submission suggested that the current 

sample had 80% power to detect a between-person effect of b=.26.

Results

Descriptive Statistics

Daily drinking showed significant outliers (16 cases; 1% of total cases), and all values 

outside 3 SDs from the mean were winsorized39. Participants (N=115) recorded 1,543 

drinking days, of which 775 were nested within the naltrexone and 768 within the placebo 

condition. On average, participants took no medication on 5.5% of drinking days recorded, 

1 pill on 26.9% of days, and 2 pills on 67.6% of days. At the between-person level (e.g., 

averaged across all drinking days), naltrexone treatment was significantly correlated with 

all subjective response variables and drinking, such that participants receiving naltrexone 

reported lower average levels of subjective response and drank less on average across 

drinking days. This highlights the importance of accounting for direct effects of naltrexone 

on daily drinking when examining its effects on subjective response and craving. A higher 

average medication dosage (either naltrexone or placebo) was correlated with stronger 

subjective response, stronger craving, and more drinking averaged across drinking days. 

For a full list of descriptive statistics and correlations between primary study variables 

during the daily diary protocol, see Table 3. Intraclass correlations showed substantial 

within-person variability in drinking quantity (ICC = .36), subjective response (ICC = .32), 

and craving (ICC = .36), supporting the use of multilevel models. In addition, there was 

substantial within-person variability in daily medication dosage (ICC = .33). Descriptive 

statistics for all model outcomes (i.e., drinking quantity, craving, subjective effects) by 

treatment condition are shown in Table 1 and descriptive statistics by treatment condition 

and medication dosage are shown in Table 2.

Model fit was adequate for all models, as shown in Table 4. All standardized model 

parameters for craving are shown in Table 5 and standardized parameters for all subjective 

response models are shown in Table 6. Parameters reported in the text are unstandardized 

effects.

1The use of an SESOI precluded the use of random slopes, as Mplus does not provide standardized estimates when random slopes are 
specified.
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Craving Model

At the between-person level, naltrexone (vs. placebo) was associated with lighter drinking 

(b = −1.27, SE = .39, p < .001, 95% CI = [−2.04, −.50]) but not with craving. Men drank 

more heavily (b = −1.25, SE = .40, p = .001, 95% CI = [−2.04, −.46]) and heavier drinking 

was non-significantly associated with higher craving (b = .09, SE = .04, p = .051, 95% CI 

= [.00, .17]). Naltrexone treatment was non-significantly associated with dampened craving 

indirectly through an effect on drinking quantity (see Table 7 for all indirect effects).

At the within-person level, taking 1 (vs. 0) pill was associated with lower than average 

drinking quantity (b = −.75, SE = .31, p = .013, 95% CI = [−.1.36, −.14]), and taking 2 (vs. 

1) pills was associated with higher than average drinking quantity (b = .82, SE = .17, p < 

.001, 95% CI = [.49, 1.15]). Weekend days were associated with heavier drinking (b = .96, 

SE = .15, p < .001, 95% CI = [.66, 1.26]), and days later in treatment were associated with 

lighter drinking (b = −.02, SE = .01, p = .004, 95% CI = [−.03, −.01]). Medication dose was 

not associated with craving, but heavier drinking was strongly associated with craving (b = 

.21, SE = .02, p < .001, 95% CI = [.17, .25]). There was also a significant indirect effect of 

medication dose on craving through drinking, such that taking 1 (vs. 0) pill was associated 

with weaker craving through lighter drinking, and taking 2 (vs. 1) pills was associated with 

stronger craving through heavier drinking (Figure 1).2

Subjective Response Models: Buzzed, Drunk, Impaired

At the between-person level, naltrexone (vs. placebo) treatment was not associated with 

feeling buzzed (b = −.01, SE = .33, p = .97, 95% CI = [−.68, .64]), was non-significantly 

associated with feeling less drunk (b = −.51, SE = .27, p = .055, 95% CI = [−1.03, .01]), 

and was significantly associated with feeling less impaired (b = −.64, SE = .29, p = .027, 

95% CI = [−1.21, −.07]). Thus, naltrexone treatment was associated with a .64 unit decrease 

in levels of feeling impaired. Drinking quantity was associated with feeling more buzzed (b 

= .51, SE = .07, p < .001, 95% CI = [.36, .65]), more drunk (b = .55, SE = .05, p < .001, 

95% CI = [.46, .65]), and more impaired (b = .43, SE = .07, p < .001, 95% CI = [.29, 56]). 

No covariate effects were significant. There were significant indirect effects of naltrexone 

on all subjective response items, such that naltrexone was associated with blunted subjective 

responses through lighter drinking.

At the within-person level, taking 2 (vs. 1) pills was associated with feeling more buzzed 

(b = .43, SE = .15, p = .004, 95% CI = [.14, .72]), but there were no significant relations 

between medication dosage and feeling drunk or impaired. Drinking quantity was associated 

with feeling more buzzed (b = .69, SE = .03, p < .001, 95% CI = [.62, .75]), more drunk 

(b = .69, SE = .03, p < .001, 95% CI = [.63, .74]), and more impaired (b = .58, SE = 

.03, p < .001, 95% CI = [.52, 64]). Neither weekend drinking nor the day of the study was 

2Models were also run with (1) only theoretical (but not statistical/data/driven) covariates (i.e., sex, family history, weekend vs 
weekday, and day of treatment) and 2) no covariates. For the craving model, effect sizes and significance levels were very similar in 
both models, and no paths moved from significant to non-significant or vice versa. For the “buzzed” model, effect sizes were identical 
in all models and there were no changes in significant effects. For the “drunk” model, the size of the naltrexone between-person effect 
on feeling “drunk” moved from b=−.14, p=.055 (in-text) to b=−.13, p =.065 (only theoretical covariates model). For the “impaired” 
model, the effect size of naltrexone on “impaired” moved from b=−.18, p=.027 (in-text) to b=−.17, p=.031 (only theoretical covariates 
model).
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associated with feeling buzzed, drunk, or impaired. There were significant indirect effects 

of medication dosage on all three subjective response items through drinking in the same 

direction as craving; taking 1 (vs. 0) pills was associated with weaker subjective response 

through lighter drinking, and taking 2 (vs. 1) pills was associated with stronger subjective 

response through heavier drinking (Figure 2)2.

Post-Hoc Analysis: Drunk and Impaired

Based on the results of the prior analyses, we conducted a post-hoc test to determine 

whether treatment condition had an effect on a latent factor for feeling drunk and 

impaired, which represent higher-dose subjective response items. We estimated a latent 

factor partialling out the commonality between the two subjective response items. This 

was done by setting standardized factor weights of the two indicators to be equal. Both 

“impaired” and “drunk” loaded significantly onto the factor (β = .93, SE = .01, p < .001, 

95% CI = [.92, .95]), which we refer to as “intense” subjective response from this point 

forward. This latent factor replaced the individual subjective response items in the post-hoc 

model.

At the between-person level, naltrexone treatment was associated with feeling lower levels 

of intense subjective response (b = −.45, SE = .21, p = .029, 95% CI = [−.30, −.02]) (Figure 

3), and there was a significant indirect effect of naltrexone on intense subjective response 

through lighter drinking. Thus, naltrexone treatment was associated with a .45 unit decrease 

in levels of feeling intense subjective response. At the within-person level, heavier drinking 

(b = .30, SE = .02, p < .001, 95% CI = [.56, .67]) and weekend days (b = .21, SE = .07, p = 

.004, 95% CI = [.03, .14]) were associated with stronger intense subjective response. Neither 

contrast code of medication dose was associated with intense subjective response, though 

indirect effects mirrored those in previous models.3

Alpha Adjustment

Because the current study tested 4 a priori hypotheses and 1 post hoc hypothesis (i.e., 

the effects of naltrexone on craving, “buzzed”, “drunk”, and “impaired”, and intense 

subjective response), we corrected for alpha inflation using the Benjamini-Hochberg false 

discovery rate correction procedure (Benjamini and Hochberg, 1995). Accounting for all 5 

comparisons, previously significant effects of naltrexone on feeling “impaired” and intense 

subjective response were no longer significant. Naltrexone was not significantly associated 

with craving, feeling “buzzed”, or feeling “drunk”, both before and after correction. 

However, the size of the effects of naltrexone on feeling less “drunk” (b=.14), “impaired” 

(b=.18), and intense subjective response (b=.16) were all above the threshold for the post 

hoc determined SESOI (i.e., b=.13) and consistent with the small but meaningful effects 

of naltrexone in prior studies. Indirect blunting effects of naltrexone (vs. placebo) through 

lighter drinking remained statistically significant after alpha correction.

3Models were also run with only theoretical covariates (i.e., sex, family history, weekend vs weekday, and day of treatment) and 
no covariates. In both models, effect sizes and significance levels remained nearly identical, the only difference being that the 
between-person effect of naltrexone on intense subjective response moved from b=−.16, p=.029 (in-text) to b=−.15, p=.054 (only 
theoretical covariates model).
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Medication Dosage

To determine whether treatment condition (naltrexone vs. placebo) moderated the effect of 

daily medication dosage on subjective response and craving, we estimated a multiple group 

multilevel mediation model. A model that constrained structural paths from medication dose 

to craving to be equal (X2 (4) = 5.35, p = .25) showed no significant decrement in model 

fit from a model that allowed these paths to freely vary (X2 (2) = 5.62, p = .06; ΔX2 (2) 

=1.26, p = .53). For subjective response, there were also no differences in relations between 

medication dose and feeling buzzed (X2 (2) = 3.10, p = .21; X2 (4) = 3.51, p = .48; ΔX2 

(2) =.22, p = .90), drunk (X2 (2) = .59, p = .75; X2 (4) = 2.06, p = .73; ΔX2 (2) =1.54, p = 

.46), impaired (X2 (2) =1.64, p = .44; X2 (4) = 4.44, p = .35; ΔX2 (2) = 2.84, p = .24), or 

intense subjective response (X2 (31) = 59.62, p = .001; X2 (33) = 59.67, p = .003; ΔX2 (2) = 

1.13, p = .57) by treatment condition. Thus, there was no indication that treatment condition 

moderated effects of daily dose on subjective response or craving.

Post-Hoc Power Analyses

We conducted several post hoc power analyses using GPower 3.1 to evaluate the size of 

between-person and within-person effects that future studies similar to the current study 

would be powered to detect. Power calculations assumed a moderate-to-high correlation 

among repeated measures (r=.50), specified two groups of interest (i.e., naltrexone and 

placebo), and 13 measurements per person (i.e., 1543 daily reports/115 participants). For 

tests of between-person naltrexone effects, future studies that have the same size (N=115) 

and number of measurements (1543 daily reports) would have 82.6% power to detect an 

effect size of b=.20, 58.4% power to detect an effect size of b=.15, and 46.9% power to 

detect an effect size of b=.13. For tests of within-person dosing effects, future studies that 

have the same size (N=115) and number of measurements (1543 daily reports) would have 

over 99% power to detect effects of b=.20, b=.15, and b=.13.

To detect between-person effect sizes of b=.13, b=.15, and b=20, sample sizes of N=254, 

N=190, and N=108, respectively, would be required to achieve 80% a-priori power.

Discussion

The current study tested the effects of naltrexone (vs. placebo) on two hallmark treatment 

mediators: subjective response and craving. This is one of the first studies to investigate 

naltrexone’s effects on both subjective response and craving at the daily level in young 

adults. We found that naltrexone blunted more intense subjective effects (“impaired”, 

“drunk”), but not feeling “buzzed” on drinking days. We also found that, at the daily level, 

regardless of treatment condition, there was an effect of taking 2 (vs. 1) medication pills 

on feeling more “buzzed”. Finally, we also found indirect effects of naltrexone through 

reduced drinking quantity at both levels. Between-person effects of naltrexone were not 

statistically significant after adjusting the alpha level, but all were above the SESOI. Thus, 

the current study interprets paths that were above the SESOI as “effects”, but we do not refer 

to statistical significance levels here forward.
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At the between-person level, there was an indirect effect of naltrexone (vs. placebo) on 

blunted subjective effects through lighter drinking. Although the indirect effect of naltrexone 

on craving through drinking did not exceed the SESOI (standardized b = −.11, p = .051), 

it was in the expected direction, whereas the direct effect of naltrexone on craving was 

opposite in direction from predictions (standardized b = .05). At the within-person level, 

there was an effect of taking 1 (vs. 0) pills on weaker subjective response/craving through 

lighter drinking, and taking 2 (vs. 1) pills on stronger subjective response/craving through 

heavier drinking.

Study findings support a model in which there may be direct blunting effects of naltrexone 

treatment on subjective measures (particularly intense subjective ones), above and beyond 

the indirect effects of naltrexone on subjective response through lighter drinking. The lack 

of global naltrexone effects on feeling “buzzed” may be due to the fact that these effects 

are experienced at lower blood alcohol concentrations, and may be associated with lighter 

drinking patterns. Heavier drinkers may feel less “buzzed” when drinking (Piasecki et al., 

2012) and “buzzed” may be present at lower levels of intoxication (e.g., Linden-Carmichael 

et al., 2021). In contrast, feeling “drunk” and “impaired” are subjective effects that may 

only be endorsed during heavier drinking episodes, showing mean-level differences in 

number of drinks needed to feel these effects compared to feeling “buzzed”. Therefore, 

one interpretation of the current findings is that naltrexone may blunt acute effects present at 

higher BAC levels, but may not blunt effects experienced early in a drinking episode. These 

findings also fit into the literature on trajectories of drinking, as Gueorguieva et al. (2007) 

found that naltrexone was associated with lower odds of being in the heaviest drinking 

category, and thus there may be a higher likelihood of naltrexone blunting effects such as 

“impaired” and “drunk”. Future research is needed to confirm these hypotheses.

It is also possible that feeling “buzzed” captures more expectancy effects than 

pharmacologic ones. Individuals may feel “buzzed” simply from being in the drinking 

environment, even before they have an appreciable BAC. Such a placebo response has been 

demonstrated in several lab-based alcohol administration paradigms (e.g., George et al., 

2012). Relatedly, one study found a positive, rewarding atmosphere (e.g., a bar) produced 

equivalent rewarding alcohol effects in placebo and alcohol conditions (Corbin et al., 2015). 

In summary, findings suggest that naltrexone may reduce subjective effects that depend 

on alcohol pharmacology in addition to expectancies, potentially explaining its blunting of 

more intense but not less intense aspects of subjective response.

It is worth noting that the effect of treatment condition on craving did not exceed the SESOI. 

In addition, the zero-order correlation between treatment condition and craving was very 

small and in the opposite direction of hypotheses (r=−.02). One potential explanation for 

these findings is that the current study focused only on drinking days. It is possible that 

naltrexone reduces overall desire to drink, with lower craving on non-drinking days relative 

to drinking days, an effect that could contribute to reduced frequency of drinking. To capture 

such effects, analyses would need to include non-drinking as well as drinking days, which 

future research should examine. It is also possible that craving differs as a function of 

the amount of time in treatment. Although outside the scope of this study, future research 
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should use time-dependent models to determine whether effects of naltrexone on subjective 

response and craving differ as a function of time in treatment.

The current study also found an effect exceeding the SESOI, contrary to hypotheses, of 

taking 2 (vs.1) pills on feeling more “buzzed” and heavier drinking, compared to an effect 

of taking 1 (vs. 0) pills on lighter drinking. None of these effects differed by treatment 

condition. Although surprising, it is likely that these findings were influenced by the 

instructions participants were given about medication dosing. Because participants were 

instructed to take a targeted dose in anticipation of alcohol consumption, or if they had 

started drinking, it makes sense that taking 2 pills (daily + targeted) would be associated 

with higher levels of drinking, potentially leading to a stronger subjective response and 

craving. Thus, taking 2 (vs 1) pills may be a proxy for the current study’s instructions 

to participants to take a daily + targeted pill when anticipating drinking, which would 

naturally be associated with heavier drinking. In contrast, the association between taking 1 

(vs. 0) pills and lighter drinking may be due to unplanned drinking on days when only 1 

pill was taken. In line with the previous comment, participants may have only taken one 

pill when they were not planning to drink, as they were directly instructed to take two 

pills when they anticipated drinking. Recent studies suggest that unplanned drinking days 

are associated with lower daily drinking quantity (Lauher et al., 2020) and less day-level 

intentions to get drunk/buzzed (Stevens et al., 2020). Thus, if days when only 1 pill was 

taken were unplanned, it would make sense that taking 2 (vs. 1) pills was associated with 

heavier drinking days and taking 1 (vs. 0) pills was associated with lighter drinking days. 

However, motives for taking or not taking both pills is outside the scope of the current 

study. Possibilities may include participants forgetting to take a pill, participants engaging 

in unplanned drinking, and participants not wanting their subjective state to be affected 

by taking two pills. Future research is needed to examine the motivation for medication 

adherence in naltrexone studies of heavy drinking.

Contrary to hypotheses, we did not detect an interaction between treatment condition 

and medication dose predicting subjective response/craving at the daily level, though this 

may have been due to lower power to detect a cross-level interaction than main effects. 

Nevertheless, future research is needed with larger samples to examine dose as a potential 

moderator of naltrexone medication effects at the daily level.

In terms of the blunting effect of naltrexone on impaired and “intense” subjective response, 

it is worth noting that the small but meaningful effect sizes observed (bs=.14-.17) were 

consistent with the effect size of naltrexone on stimulant subjective response found in the 

meta-analysis by Ray et al. (2019) (hedges g=.23; b=.15), and exceeded our SESOI. Given 

that naltrexone is a low- burden medication with minimal side effects (e.g., O’Malley et 

al., 2015), the medication’s small effect sizes are nonetheless clinically meaningful and 

a contribution to the literature on the mechanisms of naltrexone’s treatment efficacy. In 

addition to direct effects, we observed stable, robust indirect blunting effects of naltrexone 

on subjective measures (buzzed, drunk, and impaired) via lighter drinking and indirect 

effects on craving that were non-negligable (standardized beta = −.11). Thus, it is also 

possible that naltrexone is indirectly associated with blunted subjective effects/craving 

by reducing drinking, which reinforces lighter future drinking due to a lack of reward/
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reinforcement when drinking. Temporally sequenced momentary designs are needed to test 

such hypotheses. The current study is consistent with that of Miranda et al. (2014) in that 

it accounted for levels of drinking (e.g., drinking quantity at the day level, eBAC at a 

momentary level). However, other EMA studies (e.g., Tidey et al., 2008) did not control 

for levels of drinking, which could lead to an overestimation of naltrexone’s effects on 

subjective response and craving. Thus, future research should test whether drinking levels 

mediate the effects of naltrexone on subjective response and craving. In sum, we believe that 

the current findings advance the literature on mechanisms of naltrexone treatment, informing 

our understanding of the mechanisms of naltrexone’s efficacy.

Although the current study yielded novel findings, they must be interpreted in light 

of several limitations. First, although our analyses were more ecologically valid than 

many, data were collected at the daily rather than momentary level. Although next-day 

retrospective reports of subjective response are subject to recall bias, several other studies 

have used daily dairies to test overall past-day subjective response (e.g., Fairlie et al., 2021; 

Linden-Carmichael et al., 2020; Lipperman-Kreda et al., 2017). Nonetheless, it was not 

possible in the current study to establish temporal precedence for drinking and subjective 

responses/craving and medication ingestion. In addition, the current study did not model 

subjective response and craving together, which did not allow us to examine the possibility 

that subjective response may mediate the effect of condition/medication on craving; future 

research using momentary assessments is needed to establish temporal precedence. Our 

measurement of subjective response was also a limitation. We did not explicitly measure 

stimulant/rewarding effects, and the valence/arousal of items like “buzzed” and “impaired” 

is ambiguous. Future EMA research should include more specific items that operationalize 

stimulation and sedation.

Another limitation was that our sample was mostly young adult men (69%), limiting 

generalizability to heavy drinking samples of women. In addition, the current study had 

little variability in days when 0 pills were taken (5.5% of days). However, despite this lack 

of variability, there were consistent effects of taking 1 (vs. 0) pills on lighter drinking. Thus, 

future research is needed to test medication dosing in samples with more variability. Finally, 

although research has found that naltrexone is most effective at reducing heavier drinking 

(e.g., O’Malley et al., 2015), future research should investigate whether naltrexone dosing 

is associated with the frequency of drinking at the day level, particularly among treatment 

seekers who are motivated to abstain from drinking.

Despite these limitations, the current study builds upon several foundational efficacy studies 

by conducting daily diary analyses of variables that may mediate naltrexone’s efficacy. 

This is one of the first studies to test the effects of naltrexone on subjective response 

and craving using daily diary methods in young adults, in which within- and between-

person effects were disaggregated. We found effects exceeding our SESOI of naltrexone 

on intense subjective response. Thus, naltrexone blunted alcohol effects that are likely to 

occur at higher BACs and are readily differentiated from expectancy effects. In addition, we 

found indirect effects of naltrexone on subjective response via drinking quantity, such that 

naltrexone blunted all subjective effects by reducing drinking. Considering that only one of 

two past EMA studies of naltrexone’s effects controlled for drinking levels, these findings 
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suggest that naltrexone’s direct effects on subjective measures may have been overestimated 

and/or are mediated through levels of drinking. Future research is needed to validate this 

pattern of results in larger, more diverse samples, and with multiple daily assessments and 

broader subjective response measures.
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Figure 1: Craving Model.
Note: All parameters are standardized estimates; Treatment is coded as 1=Naltrexone, 

0=Placebo. At the within-person level, taking 1 (vs. 0) pills was associated with less 

drinking whereas taking 2 (vs. 1) pills was associated heavier drinking. There were 

significant indirect effects of medication dose on craving through drinking, such that taking 

1 (vs. 0) pills was associated with weaker craving through lighter drinking and taking 2 (vs. 

1) pills was associated with stronger craving through heavier drinking. ** P < .01, * P < .05, 

† P < .10
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Figure 2: Specific Subjective Response Item Models.
Note: All parameters are standardized estimates; Treatment is coded as 1=Naltrexone, 

0=Placebo. At the between-person level, naltrexone treatment was directly associated with 

feeling less impaired, and there were significant indirect effects of naltrexone medication on 

all subjective response items, such that naltrexone was associated with blunted subjective 

response through lighter drinking. At the within-person level, taking 2 (vs. 1) pills 

was associated with feeling more buzzed, and there were significant indirect effects of 

medication dosage on all subjective response items through drinking, such that taking 1 (vs. 
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0) pills was associated with weaker subjective response through lighter drinking, and taking 

2 (vs. 1) pills was associated with stronger subjective response through heavier drinking. ** 

P < .01, * P < .05, † P < .10
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Figure 3. Intense Subjective Response Model.
Note: All parameters are standardized estimates; Treatment is coded as 1=Naltrexone, 

0=Placebo. At the between-person level, naltrexone treatment was directly associated with 

feeling less intense subjective response, and there were significant indirect effects of 

naltrexone medication on intense subjective response, such that naltrexone was associated 

with blunted intense subjective response through lighter drinking. At the within-person 

level, there were significant indirect effects of medication dosage on intense subjective 

response through drinking, such that taking 1 (vs. 0) pills was associated with weaker 

intense subjective response through lighter drinking and taking 2 (vs. 1) pills was associated 

with stronger intense subjective response through heavier drinking. ** P < .01, * P < .05, † P 

< .10

Waddell et al. Page 21

Alcohol Clin Exp Res. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Waddell et al. Page 22

Table 1:

Descriptive Statistics Across Treatment Group

Naltrexone Placebo

1. Treatment Condition 47% (N=54) 53% (N=61)

2. Family History 41% Positive 36% Positive

3. Sex 70% Male 67% Male

4. Medication Dosage 73% Both Pills 63% Both Pills

5. Weekend (day) 56% Weekends 61% Weekends

6. Drinking Quantity 4.46 (2.93) 5.74 (3.85)

7. Buzzed SR 3.94 (3.09) 4.38 (3.22)

8. Drunk SR 2.32 (2.76) 3.29 (3.26)

9. Impaired SR 1.78 (2.51) 2.72 (3.07)

10. Craving 5.93 (1.54) 5.72 (1.58)

Note: All between-person descriptive statistics are aggregated at the person level (N=115), whereas all within-person descriptives are aggregated at 
the daily level (N=1543). SR = subjective response. Variables 4-10 were measured during the dialy diary protocol.
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Table 2:

Descriptive Statistics Across Treatment Group and Medication Dose

Naltrexone Placebo

0 Pills 1 Pill 2 Pills 0 Pills 1 Pill 2 Pills

Drinking Quantity 3.97 (2.29) 3.59 (2.56) 4.8 (3.14) 6.90 (5.40) 5.50 (1.66) 5.91 (3.67)

Craving 5.5 (1.49) 5.47 (1.81) 6.11 (1.41) 5.78 (1.32) 5.51 (1.66) 5.82 (1.56)

Buzzed SR 2.81 (2.39) 2.88 (2.95) 4.34 (3.08) 4.53 (3.27) 3.79 (3.16) 4.65 (3.22)

Drunk SR 1.86 (2.26) 1.69 (2.49) 2.54 (2.83) 3.47 (3.32) 2.94 (3.23) 3.44 (3.25)

Impaired SR 1.47 (1.78) 1.28 (2.27) 1.96 (2.60) 2.71 (2.80) 2.64 (3.19) 2.77 (3.05)

Note. SR = subjective response.
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Table 3:

Descriptive Statistics and Bivariate Correlations

% or Mean (SD) 2 3 4 5 6 7 8 9 10

1. Treatment 47% Naltrexone .10** .01 .19* −.10 −.28** −.15 −.30** −.30** −.02

2. Family History 38% Positive -- .12 .08 −.13 .09 .07 .11 .17
† .10

3. Sex 69% Male -- .07 −.03 −.23* .09 −.10 .01 .13

4. Medication Dosage 68% Both Pills -- .09** .05* .13** .06* .04 .12**

5. Weekend (day) 58% Weekends -- .22** .19** .18** .18** .09**

6. Drinks Per Day 5.10 (3.48) -- .69** .74** .66** .34**

7. Buzzed SR 4.16 (3.16) -- .83** .70** .41**

8. Drunk SR 2.8 (3.05) -- .87** .37**

9.. Impaired SR 2.25 (2.84) -- .34**

10. Craving 5.83 (1.56) --

Note: Treatment is coded as 1=Naltrexone, 0=Placebo; Family History is coded as 1=positive, 0=negative; Sex is coded as 1=female, 0=male; 
Medication Dosage is coded as 0=no pill, 1=targeted or daily, 2=targeted and daily; Weekend is coded as 1=weekend, 0=weekday; SR is measured 
on a scale from 0-10; Craving is measured on a scale from 1 to 9. All within-person variables were group averaged when correlating with other 
between-level variables.

†
p < .10

*
p < .05

**
p < .01
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Table 4:

Fit Indices for All Models

Chi Square Test RMSEA CFI SRMR

Craving Model 4.39, p = .036 .047 .992 .001 (W) .048 (B)

SR – Buzzed .53, p = .466 .00 1.00 .000 (W) .016 (B)

SR – Drunk .63, p = .427 .00 1.00 .000 (W) .014 (B)

SR – Impaired 1.87, p = .172 .024 .999 .000 (W) .027 (B)

SR - Intense 37.94, p < .001 .037 .985 .010 (W) .032 (B)

Note: SR = subjective response.
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Table 5:

Craving Model Standardized Parameters

b SE p-value 95% CI

Within-Person 

Craving/SR

 Drink Quant .45 .03 < .001 (.40, .51)

 Weekend .01 .03 .71 (−.04, .06)

 Day of Study −.01 .03 .98 (−.06, .06)

 1 vs. 0 .01 .04 .85 (−.07, .08)

 2 vs. 1 .06 .04 .15 (−.02, .14)

Drink Quant

 Weekend .18 .03 < .001 (.13, .23)

 Day of Study −.07 .02 .004 (−.11, −.02)

 1 vs. 0 −.06 .03 .013 (−.11, −.01)

 2 vs. 1 .14 .03 < .001 (.09, .20)

Between-Person 

Craving/SR

 Drink Quant .20 .10 .051 (−.001, .41)

 Fam History .08 .09 .41 (−.11, .26)

 Days Completed −.10 .11 .37 (−.31, .12)

 Percent Med −.01 .08 .95 (−.16, .15)

 Treatment .05 .10 .65 (−.15, .25)

Drink Quant

 Sex −.25 .08 .001 (−.40, −.11)

 Family History .13 .09 .13 (−.04, .30)

 Days Completed −.01 .08 .91 (−.16, .14)

 Percent Med −.13 .09 .15 (−.30, .05)

 Treatment −.28 .08 < .001 (−.43, −.12)

Note. Treatment is coded such that 1=Naltrexone vs. 0=Placebo; Family History is coded as 1=positive, 0=negative; Sex is coded as 1=female, 
0=male; Weekend is coded as 1=weekend, 0=weekday; Days Completed = Total Number of Diary Days Completed; Percent Med = percentage of 
days when medication was taken; Day of Study = day of treatment, with beginning of week two coded as 1.
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Table 6:

Subjective Response Models Standardized Parameters

“Buzzed” Model “Drunk” Model

b SE p-value 95% CI b SE p-value 95% CI

Within-Person 

SR

 Drink Quant .72 .02 < .001 (.69, .76) .74 .02 < .001 (.65, .74)

 Weekend .03 .02 .12 (−.01, .07) .02 .02 .11 (−.01 .08)

 Day of Study −.01 .02 .68 (−.06, .04) −.02 .03 .42 (−.07, .03)

 1 vs. 0 .01 .02 .55 (−.03, .05) .02 .03 .41 (−.03, .07)

 2 vs. 1 .08 .03 .004 (.03, .13) .03 .03 .91 (−.06, .05)

Between-Person 

SR

 Drink Quant .60 .07 < .001 (.47, .73) .69 .08 < .001 (.38, .69)

 Fam History .03 .09 .75 (−.14, .19) .05 .08 .083 (−.02, .29)

 Days Completed −.03 .10 .74 (−.23, .17) −.12 .09 .11 (−.31, .03)

 Percent Med −.01 .06 .99 (−.13, .12) .03 .09 .86 (−.16, .19)

 Treatment −.01 .09 .97 (−.17, .16) −.14 .08 .027 (−.33, −.02)

“Impaired” Model Intense SR Model

b SE p-value 95% CI b SE p-value 95% CI

Within-Person 

SR

 Drink Quant .69 .02 < .001 (.65, .74) .62 .03 < .001 (.56, .67)

 Weekend .04 .02 .11 (−.01 .08) .08 .03 .004 (.03, .14)

 Day of Study −.02 .03 .42 (−.07, .03) −.01 .03 .82 (−.05, .04)

 1 vs. 0 .02 .03 .41 (−.03, .07) .02 .03 .41 (−.03, .08)

 2 vs. 1 −.01 .03 .91 (−.06, .05) −.04 .05 .41 (−.14, .06)

Between-Person

SR

 Drink Quant .54 .08 < .001 (.38, .69) .62 .07 < .001 (.50, .75)

 Fam History .14 .08 .083 (−.02, .29) .10 .07 .13 (−.05, .24)

 Days Completed −.14 .09 .11 (−.31, .03) −.14 .10 .15 (−.32, .05)

 Percent Med .02 .09 .86 (−.16, .19) .04 .06 .47 (−.07, .16)

 Treatment −.18 .08 .027 (−.33, −.02) −.16 .07 .029 (−.30, −.02)

Note. Treatment is coded such that 1=Naltrexone and 0=Placebo; Family History is coded as 1=positive, 0=negative; Sex is coded as 1=female, 
0=male; Weekend is coded as 1=weekend, 0=weekday; Days Completed = Total Number of Diary Days Completed; Percent Med = percentage of 
days when medication was taken; Day of Study = day of treatment, with beginning of week two coded as 1; Drinking quantity estimates at the 
between and within-person levels were identical to those in Table 5 and are not shown here.
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Table 7:

Indirect Effects from All Models

Beta SE 95% CI

Between-Person

Treatment – Drinking – Craving −.11 .07 (−.24, .03)

Treatment – Drinking – Buzzed −.64 .21 (−1.04, −.24)

Treatment – Drinking – Drunk −.70 .22 (−1.13, −.27)

Treatment – Drinking – Impaired −.54 .19 (−.91, −.17)

Treatment – Drinking – Intense SR −.48 .16 (−.80, −.16)

Within-Person

2 (vs. 1) Pills – Drinking – Craving .17 .04 (.10, .25)

1 (vs 0) Pills – Drinking – Craving −.16 .06 (−.28, −.04)

2 (vs 1) Pills – Drinking – Buzzed .56 .12 (.34, .79)

1 (vs 0) Pills – Drinking – Buzzed −.51 .21 (−.92, −.11)

2 (vs 1) Pills – Drinking – Drunk .57 .12 (.34, .80)

1 (vs 0) Pills – Drinking – Drunk −.51 .21 (−.92, −.10)

2 (vs 1) Pills – Drinking – Impaired .48 .10 (.28, .68)

1 (vs 0) Pills – Drinking – Impaired −.43 .18 (−.79, −.08)

2 (vs 1) Pills – Drinking – Intense SR .24 .05 (.14, .35)

1 (vs 0) Pills – Drinking – Intense SR −.22 .09 (−.40, −.04)

Note: All indirect effects were tested using the product of coefficients method. Treatment is coded as 1=Naltrexone, 0=Placebo. SR = subjective 
response.
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