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Abstract

Naltrexone (NTX) has been widely studied for the treatment of alcohol use disorder

with overall support for its efficacy. The mechanisms of action of naltrexone are

thought to involve attenuation of the hedonic effects of alcohol and potentiation of

its aversive effects. In order to provide a quantitative estimate of the effects of

naltrexone on subjective response to alcohol, the aims of this meta‐analytic review

are to examine the effects of naltrexone across four domains of subjective response.

Meta‐analyses of naltrexone effects on alcohol craving (k = 16, N = 686), stimulation

(k = 15, N = 675), sedation (k = 18, N = 777), and negative mood (k = 9, N = 281) sug-

gested that under laboratory conditions and compared with placebo, naltrexone

reduces craving (Hedges g = −0.252; SE = 0.054; 95% CI, −0.375 to −0.130;

P < 0.01), reduces stimulation (g = −0.223; SE = 0.067; 95% CI, −0.372 to −0.074;

P < 0.01), increases sedation (g = 0.251; SE = 0.064; 95% CI, 0.112‐0.389;

P < 0.01), and increases negative mood (g = 0.227; SE = 0.047; 95% CI, 0.100‐

0.354; P < 0.01). Results were robust when drinks per month and alcohol dose were

added to the models as covariates. The effects of naltrexone varied by severity of

alcohol use with medication effects on craving and stimulation being observed in

sample of both heavy drinkers and AUD individuals. These results are consistent with

the hypothesized mechanisms of action of NTX, although the effects are of small

magnitude. This meta‐analysis aggregates across multiple human laboratory studies

of NTX's effects on subjective response to alcohol, providing a comprehensive

summary of a key mechanism of NTX efficacy, namely, alteration of the subjective

experience of alcohol.
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1 | INTRODUCTION

Alcohol use disorders (AUDs) are among the most common and costly

psychiatric disorders with relatively few established treatment

options.1-4 The opioid receptor antagonist naltrexone has garnered

considerable empirical support for the treatment of both alcohol5-8

and opioid9 use disorders.

Though naltrexone appears to promote alcohol abstinence, greater

effect sizes are typically observed for reductions in heavy drinking on

naltrexone compared with placebo. Specifically, meta‐analytic results

of randomized controlled trials observed a risk ratio (RR) for the out-

come “return to any drinking” of 0.96 (95% CI, 0.92‐1.00), whereas

the RR for “return to heavy drinking” was 0.83 (95% CI, 0.76‐0.90).8

This same pattern of results was then replicated in a later meta‐
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analysis10 with greater effect sizes observed for heavy drinking

outcomes as compared with abstinence outcomes. Furthermore,

secondary analysis of the large, multisite COMBINE trial5 suggested

that individuals who drank more regularly during the trial showed

greater benefits of naltrexone.11 These results suggest that naltrex-

one's clinical efficacy is partially a result of its interaction with the

pharmacodynamics effects of alcohol.

Alcohol's pharmacodynamic interactions are complex, affecting a

host of neurotransmitter systems including GABA, glutamate, dopa-

mine, and endogenous opioids.12 The reinforcing effects of alcohol

are in part a consequence of β‐endorphin release in mesolimbic

reward systems.13,14 Further, animal studies have demonstrated that

naltrexone reduces ethanol self‐administration by interfering with

the dopamine‐mediated effects of ethanol in the nucleus accum-

bens.15 Multiple candidate gene studies of the μ‐opioid receptor gene

(OPRM1) have shown genetic variation in this opioidergic receptor to

affect level of alcohol reward and reinforcement in terms of subjective

responses to alcohol,16-18 alcohol self‐administration,19 and striatal

activity in the PET environment.20 As a competitive opioid antagonist

with primary affinity for μ‐opioid receptors, one proposed mechanism

of action for naltrexone is the suppression of alcohol's rewarding sub-

jective effects.21,22 In support, a PET study found that naltrexone at

the 50‐mg dose produced near complete inhibition of the μ‐opioid

receptor in a sample of individuals with AUD in early abstinence.23

The human behavioral pharmacology laboratory is ideal for testing

this biobehavioral mechanism of action via controlled alcohol adminis-

tration paradigms.24-26 A systematic review of the alcoholism medica-

tion development literature identified 15 different pharmacological

compounds that have been tested for their effects on laboratory out-

comes,27 and naltrexone is by far the most widely studied medication

in the human laboratory (eg,28-33). Furthermore, while these studies

appear to provide a consistent picture wherein naltrexone reduces

the rewarding effects of alcohol and alcohol craving, only one system-

atic review and meta‐analysis has been published addressing a subset

of human laboratory outcomes, namely, alcohol craving and self‐

administration.34 Hendershot et al.34 analyzed data from 20 placebo‐

controlled studies on the effects of naltrexone on craving in response

to alcohol administration and/or cue presentation, as well as the

effects of naltrexone on alcohol self‐administration. Hendershot and

colleagues observed significant, though relatively small effect sizes

for naltrexone on craving (Hedges g = −0.29; 95% CI, −0.42 to

−0.16) and self‐administration (Hedges g = −0.28; 95% CI, −0.42 to

−0.13) in the human laboratory.

While Hendershot et al.34 is the first study to quantify the magni-

tude of naltrexone effects on measures of alcohol reinforcement (ie,

craving and self‐administration), no study has examined the putative

mechanism of action of blunting hedonic responses to alcohol

and/or potentiating aversive responses.35,36 The importance of a

quantitative review, as compared with a qualitative review, is

underscored by the common practice in human laboratory research

of collecting many outcomes within a given study.24 As there are no

established guidelines on the assessment of subjective alcohol

responses, there is strong potential for systematic bias in reporting

of statistical results and potentially inflating the apparent reliability

and effect sizes of naltrexone.37 Furthermore, most behavioral phar-

macology studies involve small samples (approximately 20‐40 sub-

jects), which may increase these risks.38 Therefore, the aims of this

meta‐analytic review are to examine the effects of naltrexone on sub-

jective response to alcohol across the four domains of (a) craving, (b)

stimulation, (c) sedation, and (d) negative affect. These four domains

of subjective response to alcohol have been identified in previous

factor‐analytic work as capturing the full spectrum of SR in the human

laboratory.39,40 Specifically, by synthesizing data across a wide range

of human laboratory studies of naltrexone, this meta‐analysis exam-

ines whether naltrexone reduces alcohol‐induced craving and stimula-

tion while increasing alcohol‐induced sedation and negative affect.

These behavioral pharmacology endpoints, in turn, represent some

of the strongest putative mechanisms of action of naltrexone, based

on single studies and qualitative reviews of the literature.22

2 | METHODS

2.1 | Literature review and study coding

Inclusion criteria were (1) randomized placebo‐controlled administra-

tion of naltrexone in individuals who consume alcohol for the pur-

poses of testing AUD outcomes (eg, studies aiming to test smoking

outcomes were not included), (2) alcohol administration in the labora-

tory to a target BrAC via alcohol challenge or priming for self‐

administration paradigms,* (3) subjective response outcomes mea-

sured via self‐report questionnaires, (4) reported in the English lan-

guage, or translated to English, and (5) publication in a peer

reviewed and PubMed indexed journal.

Literature searching consisted of multiple stages. First, published

reviews of AUD psychopharmacology were reviewed to identify stud-

ies of naltrexone on subjective responses to alcohol.24,27,41,42 Second,

PubMed searches were conducted with the following phrases:

“naltrexone,” “alcohol challenge,” “alcohol response,” “response* to

alcohol,” “alcohol response,” “alcohol priming,” “alcohol intoxication,”

“ethanol intoxication,” “response* to ethanol,” and “ethanol response.”

These PubMed searches yielded a total of 88 citations that were

assessed for relevance in the present paper via abstract review.

Based on abstract reviews, from these 88 initial studies, 28 were

deemed relevant for full text review. The 60 citations that were

excluded from abstract review were excluded because they were (1)

review papers, (2) animal studies, (3) clinical trials, or (4) observational

studies, From the 28 studies reviewed in full, eight studies were

excluded based on full text review (four for lack of controlled alcohol

administration, two for lack of SR outcomes, and two for reporting

previously published results, which were already included in this anal-

ysis; see Figure 1). This resulted in a final sample of 20 studies that

were included in this analysis comprising 21 independent samples with

*Studies that only reported subjective response data in the context of a self‐administration

paradigm were excluded due to the potential for large confounding effects of BrAC differ-

ences between medication groups.
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822 total subjects. All studies were coded by at least two raters (S.B.,

D.J.O.R., or R.G.). Where coding discrepancies arose, all raters met in

person to reach a consensus. Furthermore, when sufficient data to

generate effect size estimates were not reported in the published

paper, corresponding authors were contacted via email in an attempt

to obtain the necessary information. The DigitizeIt software43 was

also utilized to extract data from published figures44 where necessary.

Assigning of outcome variables to SR domains was also determined

through consensus discussion among all study coders referencing the

prior factor analytic work,39,40 other published articles, and/or through

referencing the specific items. The full list of variables included in each

domain can be found in Figure 2. Studies were also coded on the fol-

lowing design and sample characteristics in order to control for them

when estimating naltrexone effects on the laboratory outcomes of

interest: (a) final/target BrAC, (b) mean drinks per month for the study

sample, and (c) target naltrexone dose.

2.2 | Effect size computation

Hedges g effect sizes, which are unbiased estimators of standardized

mean differences,45 were computed for naltrexone main effects based

on the reported results, extraction of data from published figures, or

through contact with the study authors. Effect sizes from within‐

subjects studies were converted to a “raw score” metric that repre-

sents expected effect size and error variance as if the estimate was

coming from a between‐subject study design, thus permitting the

comparison with other between‐subject studies.46 Where results were

described as “nonsignificant” or omitted from the study results and

data were not made available from the authors, two approaches were

used. First, a moderate approach was employed wherein missing

results were imputed with an effect size associated with a P value of

0.50. Second, a conservative approach was employed wherein a

Hedges g estimate of 0 was imputed. These measures were taken to

address effect size inflation resulting from publication bias. Impor-

tantly, this was a common occurrence (47 of the 171 total study‐level

outcomes), suggesting that there is a high risk of publication bias and

associated effect size inflation. Our approach to measure selection

was to include all available measures. Notably, however, while these

methods will address the issue of publication bias from individual

studies selectively reporting significant outcomes, it does not affect

the related problem of whole studies going unreported.

2.3 | Meta‐analytic approach

Because these laboratory studies typically reported several outcomes

within each SR domain, robust variance estimation (RVE) meta‐

analysis methods were implemented via the robumeta package in

R.47 RVE techniques were utilized as opposed to more traditional ana-

lytic methods for the following reasons: (1) RVE methods allow for the

estimation of an overall effect size accounting for the dependence of

FIGURE 1 PRISMA diagram outlining the record identification, screening, eligibility, and inclusion
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multiple related outcomes reported in a given study,47-49 and (2) RVE

methods are able to correct for small sample sizes that are common in

behavioral pharmacology studies.49 Given the significant methodolog-

ical variation between studies, we expected a substantial degree of

heterogeneity. I2 was used to test for interstudy heterogeneity50-52

and τ2 was used to provide an estimate of between study variance

regardless of sample size.53 Funnel plots were examined to detect

signs of publication and other reporting biases.54,55

Because study population (ie, AUD, heavy drinking, or light drink-

ing sample) is a potentially integral component to the transition of lab-

oratory studies to clinical trials, further analysis was also conducted

examining naltrexone's effect on subjective responses to alcohol in

these different population groups separately. Due to the strong, nearly

tautological relationship between study population and mean drinks

per month, intercept‐only models are reported for these analyses.

Random RVE intercept models were first conducted to estimate

the average effect size of naltrexone on a given SR domain. Following

the fitting of intercept‐only models, meta‐regression techniques were

employed to determine whether between study factors impact

naltrexone effect sizes and test whether naltrexone effects were

robust to controlling for study differences. Specifically, the following

continuous and objective metrics were entered into RVE meta‐

regression models: final target BrAC (centered at 0.06 g/dL) and mean

drinks per month for the study sample (log centered at 100 drinks per

month). Study population was not entered as a covariate because of

(1) the limited number of categories as compared with the continuous

FIGURE 2 Domain assignment table describing the items used to capture each of the four domains of subjective response captured in this meta‐
analysis
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variable of mean drinks per month and (2) potential inconsistency in

terminology, which was not an issue with the objective measures

included.

3 | RESULTS

3.1 | Study characteristics

In total, 20 studies met the inclusion criteria for this analysis with 822

total subjects. On average, studies included 35.74 ± 21.39 subjects

(range, 10‐85). A majority of these studies (k = 14 of 20) utilized a

within‐subjects design for the primary medication condition (eg,

naltrexone versus matched placebo). Studies typically employed con-

trolled alcohol challenge paradigms (80%), with a smaller subset utiliz-

ing a priming dose of alcohol (20%). Overall, the average target BrAC

of these alcohol administration studies was 0.054 ± 0.022 g/dL.

However, as expected, there were sizeable differences in the target

BrAC between alcohol challenge and priming paradigms (priming

mean = 0.024 ± 0.009; challenge mean = 0.062 ± 0.017; t8.84 = 5.94,

P < 0.001). Only a minority of studies recruited AUD samples (25%),

with most recruiting either light or heavy drinkers (40% and 35%,

respectively). In terms of the average alcohol consumed by the study

samples, there was a wide range of drinking behavior (mean drinks

FIGURE 2 Continued.
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per month = 84.37 ± 81.15); however, as expected, drinking magni-

tude was differentiated by the target population being enrolled in

the study (light drinking mean = 33.7 ± 17; heavy drinking

mean = 59.5 ± 33.8; AUD mean = 200 ± 78; F 2,7 = 23.53,

P < 0.001). Nearly every study tested a 50‐mg/d dose of NTX with

one study testing a 25‐mg/d dose and one study testing a 100‐mg/d

dose. Several studies included multiple (repeated) within‐subjects

observations of a given outcome. In those cases where multiple time

points were available, a single effect size was derived by computing

the effect size from the repeated measures analyses that encompass

all time points, as opposed to deriving an effect size for each time

point in analysis. Table 1 provides a description of each study that

was included in this meta‐analysis. Forest plots describing the effect

size for study included in this meta‐analysis are provided as Figures S1

to S4 for each of the four domains of subjective response examined.

In terms of individual outcomes, obtained from each study, a total

of 171 outcomes (ie, study‐level effects) were coded across these 20

studies. Sedation/motor intoxication outcomes were the most

common with 77 outcomes, followed by stimulation/hedonic reward

(44 outcomes), then craving (29 outcomes), and lastly negative affect

(21 outcomes). As previously stated, 27.5% of all the outcomes

reported in the methods section of these manuscripts did not have

detailed statistical results suggesting a clear risk of publication bias

and effect size inflation.

3.2 | Naltrexone effects on alcohol craving

A total of 16 studies reported one or more craving outcomes with a

total sample size of 686 subjects and 29 total outcomes (ie, study‐

level effects), seven (24.14%) of which had no statistics reported.

Using a moderate imputation of missing outcomes, naltrexone was

found to have a significant, albeit small effect in reducing craving in

the context of alcohol administration (Hedges g = −0.252; 95% CI,

−0.375 to −0.130; SE = 0.054; t8.99 = −4.65; P < 0.01). This effect

was slightly diminished when controlling for mean drinks per month

and target alcohol dose (Hedges g = −0.202; 95% CI, −0.326 to

−0.077), although none of these covariates significantly predicted

craving effect sizes (P ≥ 0.133). Effect size heterogeneity was sub-

stantial (I2 = 26.81%, τ2 = 0.014; Figure 3A) and thus accurately

modeled through a random effects approach.

Naltrexone's effect size in reducing craving did not differ substan-

tially between study populations. Among the five studies recruiting

AUD samples, the estimated effect size was −0.247 (95% CI, −0.366

to −0.127). For heavy drinking samples (seven studies), the effect size

was −0.273 (95% CI, −0.452 to −0.094). For studies that recruited

light drinking samples, the point estimate of the effect size nearly

identical at −0.270, however, the variability was greater, and thus, this

effect was not statistically significant (95% CI, −0.707 to 0.168). Thus,

while the mean estimate across these three populations was

consistent, these findings suggest that light drinking samples are more

variable and thus less reliable in determining efficacy.T
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As expected, when employing a conservative approach to missing

data, the effect of NTX was reduced, but remained statistically

significant (Hedges g = −0.221; 95% CI, −0.333 to −0.108; SE = 0.052;

t11.9 = −4.28; P < 0.01). Again, no covariates predicted alcohol craving

effect sizes (P ≥ 0.112), but their inclusion in the meta‐regression

model reduced the effect size estimate further (Hedges g = −0.167;

95% CI, −0.272 to −0.063). Estimates of heterogeneity were relatively

unchanged (I2 = 29.04%, τ2 = 0.015). The estimated effect of naltrex-

one on craving obtained without imputation was higher (Hedges

g = −0.287; 95% CI, −0.429 to −0.145).

3.3 | Naltrexone effects on alcohol stimulation

Stimulation outcomes were measured in 15 studies, including 675

total subjects and 44 outcomes (ie, study‐level effects), nine

(20.45%) of which did not have reported statistics. With a moderate

imputation approach, naltrexone significantly reduced alcohol

stimulation, though again the effect size was small (Hedges

g = −0.223; 95% CI, −0.372 to −0.074; SE = 0.067; t10.3 = −3.31;

P < 0.01). This effect size was virtually identical when accounting for

study covariates (Hedges g = −0.228; 95% CI, −0.440 to −0.016),

although, as with craving, none of the covariates significantly pre-

dicted the stimulation outcome (P ≥ 0.891). Effect size heterogeneity

was also observed (I2 = 31.25%, τ2 = 0.017; Figure 3B).

Only three studies recruited an AUD sample and measured stimu-

lation outcomes; However, based on these three studies, the

estimated effect size was −0.215 (95% CI, −0.287 to −0.143). Among

the four studies that recruited heavy drinkers, the point estimate of

naltrexone on stimulation was slightly larger, but with significantly

more variability (Hedges g = −0.287; 95% CI, −0.711 to 0.138). Lastly,

naltrexone's effect in blunting stimulation was considerably smaller for

light drinking samples (nine studies; Hedges g = −0.151; 95% CI,

−0.367 to 0.065). Thus, similar to craving, studies that recruited light

drinkers demonstrated smaller and less reliable effect sizes.

FIGURE 3 Funnel plots for NTX effect sizes on the SR domains of (A) craving, (B) stimulation, (C) sedation, and (D) negative affect. Each point
represents an individual outcome, and thus, several points might be from the same study; however, the RVE meta‐analysis approach that was used
is able to account for this nested structure when computing an overall effect. The solid black vertical line represents the point estimate, or average
effect size from all the studies reported in the literature (without any imputation for missing data) analyzed using a random effects RVE meta‐
analysis model without inclusion of study covariates. The sloping lines comprising the triangle represent the 95% CI range of variability based on
study standard error (which is strongly related to study sample size), and thus, observations that fall in the grey region are those that are outside
the 95% CI of the mean. Asymmetry in these plots can be interpreted as representing reporting bias. These funnel plots are relatively symmetric

and thus are not indicative of bias, which would produce effect size inflation. The sign of the effect size is representative of the effect naltrexone
had on that outcome (ie, a positive sign means that naltrexone increased this subjective response, and a negative sign means naltrexone blunted
the response)
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Using a conservative imputation approach, naltrexone reduced

alcohol stimulation, and this effect remained statistically significant,

although the effect size was diminished (Hedges g = −0.186; 95% CI,

−0.316 to −0.056; SE = 0.060; t12.1 = −3.11; P < 0.01). No covariates

were predictive of stimulation effect sizes (P ≥ 0.881), and the inclu-

sion of covariates had minimal effect on the effect size of NTX

(Hedges g = −0.191; 95% CI, −0.371 to −0.011). Estimates of hetero-

geneity were greater using a conservative approach (I2 = 41.61%,

τ2 = 0.023). The estimated effect of naltrexone on stimulation

obtained without imputation was higher (Hedges g = −0.232; 95%

CI, −0.384 to −0.079).

3.4 | Naltrexone effects on alcohol sedation

Alcohol sedation was the most common outcome reported, which was

measured in 18 studies including 777 subjects and 77 total outcomes

(ie, study‐level effects), 22 (28.57%) of which were missing statistical

outcomes. Naltrexone was found to modestly increase alcohol

sedation (Hedges g = 0.251; 95% CI, 0.112‐0.389; SE = 0.064;

t13.2 = 3.91; P < 0.01). Controlling for study covariates increased the

estimate of naltrexone effects, though still within the small range

(Hedges g = 0.321; 95% CI, 0.146‐0.495). Alcohol dose was found to

increase the effect sizes of naltrexone on alcohol sedation (B = 5.24,

t4.78 = 3.25, P < 0.05). Average drinks per month were not a significant

covariate (P = 0.323). Substantial heterogeneity was observed

(I2 = 24.57%, τ2 = 0.016; Figure 3C).

Among AUD samples, naltrexone did not significantly increase sub-

jective sedation (five studies; Hedges g = 0.170; 95% CI, −0.308 to

0.648). The effect size was marginally larger among heavy drinking

samples, though still not statistically significant (five studies; Hedges

g = 0.297; 95% CI, −0.121 to 0.715). Studies that recruited light

drinkers were the only subgroup where naltrexone produced a signif-

icant increase in sedation (nine studies; Hedges g = 0.211; 95% CI,

0.023‐0.400). In sum, sedation was increased to a significant degree

only among light drinkers, which was a different pattern of results

than other domains.

The effect size of naltrexone on alcohol‐induced sedation was still

evident using a conservative approach (Hedges g = 0.214; 95% CI,

0.095‐0.333; SE = 0.056; t15 = 3.83; P < 0.01). This effect was slightly

increased with the inclusion of study covariates (Hedges g = 0.291;

95% CI, 0.145‐0.437), and alcohol dose significantly predicted seda-

tion effect sizes (B = 5.60, t5.88 = 3.80, P < 0.01). Heterogeneity was

substantially increased with a conservative imputation approach

(I2 = 51.32%, τ2 = 0.038). The estimated effect of naltrexone on seda-

tion obtained without imputation was higher (Hedges g = 0.306; 95%

CI, 0.149‐0.464).

3.5 | NTX effects on negative affect

Negative affect was substantially less likely to be included as a mea-

sured outcome in these studies. Specifically, it was measured in only

nine studies, including 281 subjects, and only 21 total outcomes (ie,

study‐level effects), nine (42.86%) of which were unreported in the

results. Naltrexone modestly increased negative affect in the context

of alcohol administration (Hedges g = 0.227; 95% CI, 0.100‐0.354;

SE = 0.047; t4.23 = 4.85; P < 0.01). Though the point estimate did

not change much, when covarying for study characteristics, naltrexone

no longer significantly impacted negative affect (Hedges g = 0.282;

95% CI, −0.797 to 1.360), though none of the covariates significantly

predicted naltrexone's effect sizes (P ≥ 0.741). Due to the small num-

ber of studies, heterogeneity was not able to be estimated in this

model (Figure 3D).

In the four studies that recruited heavy drinkers, naltrexone was

found to significantly increase negative mood (Hedges g = 0.220;

95% CI, 0.001‐0.440). In the five studies on light drinkers, naltrexone

was also associated with a significant increase in negative mood

(Hedges g = 0.272; 95% CI, 0.232‐0.312). No studies that recruited

AUD patients included measures of negative affect; therefore, no esti-

mate of effect size is possible. In sum, NTX was associated with an

increase in negative mood for both heavy and light drinkers, but no

information was available for AUD samples.

Using the conservative imputation of missing statistics, the effect

size of naltrexone was smaller (Hedges g = 0.141; 95% CI, 0.037‐

0.245; SE = 0.044; t7.15 = 3.20; P < 0.05). This effect was not robust

to controlling for study covariates (Hedges g = 0.261; 95% CI,

−0.830 to 1.350), though no covariates were significant predictors

(P ≥ 0.597). Heterogeneity was estimated to be a bit smaller than

other outcome domains (I2 = 15.42%, τ2 = 0.005). The estimated effect

of naltrexone on sedation obtained without imputation was higher

(Hedges g = 0.249; 95% CI, 0.101‐0.398).

4 | DISCUSSION

Naltrexone is by far the most widely studied pharmacotherapy for

AUD. Studies of naltrexone encompass clinical trials as well as

behavioral pharmacology trials combining alcohol administration

with acute naltrexone dosing (typically ranging from 3 to 7 d of

medication/placebo). The overall consensus regarding the clinical

efficacy of naltrexone is that its effects are small in magnitude and

stronger for outcomes involving reduced drinking, compared with

abstinence outcomes.70 Interestingly, recent analyses have suggested

that the clinical effects of naltrexone may be “declining over time of

publication,” such that year of publication predicts trial outcomes with

more recent trials having smaller effect sizes.71 This may be due to

increased quality of clinical trials over time or with the broader issue

of replicability. On the other hand, recent studies have reported larger

effect sizes for naltrexone when accounting for key variables such as

smoking status72,73 and reward drinking,74 thus suggesting that it

possible to identify naltrexone responders. Insofar as the effects of

naltrexone are more robust for outcomes involving alcohol intake,

the effects of naltrexone in altering the pharmacodynamic effects of

alcohol and the associated subjective experience of alcohol have long

been postulated.75
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Given the mature status of the literature on naltrexone, including

its effects during controlled alcohol administration, this quantitative

review of the literature sought to quantify the effects of naltrexone

across four domains of subjective response to alcohol, namely, craving,

stimulation, sedation, and negative mood. Results revealed a signifi-

cant effect of naltrexone, versus placebo, in attenuating craving and

alcohol‐induced stimulation, while exacerbating sedation and negative

affect in the human laboratory (Hedges g of −0.252, −0.223, 0.251,

and 0.227). Notably, the observed estimates were all in the small

effect size range. The results presented using a moderate (ie, “middle

of the road”) imputation approach were generally consistent with

those obtained with a more conservative imputation approach as

well as with analyses that did not include an imputation of missing

data. A clear pattern is observed by which the effect size estimate

using the conservative imputation approach is smaller, followed by

the effect size resulting from the moderate imputation approach

next, and with the no‐imputation method resulting in larger effect

sizes. Nonetheless, as a whole, the complete set of results provided

herein coalesces within the small effect size range and should be

interpreted as such.

The effect sizes for naltrexone‐induced increases in the sedative

and aversive effects of alcohol were by and large similar to effect sizes

for decreases in the stimulant and rewarding effects of alcohol. In the

behavioral pharmacology literature, more studies tend to focus on nal-

trexone's attenuation of rewarding effects,31,75 as compared with

increases in the sedative and aversive effects of alcohol.58,64 Never-

theless, the similar increase in aversive effects highlights how these

biobehavioral mechanisms of action for naltrexone may be working

in comparable magnitude, and possibly synergistically, towards the

clinical efficacy of naltrexone for AUD. Importantly, analyses of

naltrexone effects at each study population found that naltrexone

potentiated the sedative effects of alcohol among light drinkers, but

this effect was not significant in heavy drinking or AUD samples. It

is plausible to hypothesize that perhaps light drinkers experience more

of the sedative effects of alcohol and that naltrexone, in turn, may

potentiate these effects more strongly in this subset of drinkers.

The similarity in effect size across study populations, particularly

for craving, stimulation, and negative affect, suggests that naltrexone

exerts a comparable effect on subjective responses to alcohol span-

ning a range of drinking levels. However, it should be noted that high

levels of alcoholism severity are generally not well represented in

human laboratory studies. This is critical given that the higher severity

and associated “dark side” of addiction is thought to represent a dis-

crete phenotype characterized by a chronic and relapsing pattern of

alcohol misuse with significant dysregulation of mood and stress

systems76,77, although it should be noted that efforts to characterize

the allostatic model in humans, including our own,78,79 have not fully

supported the model, particularly with regard to the “dark side” of

addiction.80

Regarding naltrexone's effects on craving in the human laboratory,

the results obtained in this study are largely consistent with those

recently reported by Hendershot et al.,34 which also found significant

medication effects that were small in magnitude. When contrasted to

the clinical trials literature, however, the effects of naltrexone have

been somewhat smaller, with Hedges g of 0.116 and 0.189 for absti-

nence and heavy drinking, respectively.70 Maisel et al.70 also reported

a somewhat smaller effect size for subjective craving with a Hedges g

of 0.144. A possible explanation for the slight discrepancy in naltrex-

one effect size between laboratory studies and clinical trials is differ-

ences in sample characteristics. Recent studies from our group81 and

others82 suggested that nontreatment seekers, which comprise the

vast majority of participants in human laboratory studies of naltrex-

one, vary widely from treatment‐seeking individuals with AUD. Fur-

ther, a recent meta‐analysis by Klemperer et al.83 found that study

characteristics accounted for 48% of the variance among naltrexone

clinical trials for AUDs after controlling for medication characteris-

tics.83 In the context of laboratory studies, the covariates examined

in the present analyses (mean drinks per month, target alcohol dose,

and target NTX dose) did not alter the significance of our effects,

except for negative affect. Whether study characteristics are more

influential in the context of clinical trials than laboratory studies

remains to be determined.

A number of limitations of the present study should be considered.

These limitations include the fact that while recent studies have sug-

gested a host of potential moderators of the clinical effects of naltrex-

one,72-74,84-86 these were not assessed and/or reported frequently

enough in human laboratory trials to allow for a systematic examina-

tion of predictors of medication response. Notably, genetic factors,

including variants at OPRM1 loci, were not accounted for in this

meta‐analysis and may clearly play a role in subjective responses to

NTX in the laboratory.33,87 Additionally, the present study relied

heavily on US‐based studies, and recent work has suggested discrep-

ancies in AUD pharmacotherapy trials between the United States

and European countries,6 although the results for naltrexone were

consistent across countries. This study does not directly address the

degree to which naltrexone effects in the laboratory in fact predict

clinical trial outcomes. Such comparisons are ultimately needed, yet

they would require within‐subject collection of both human laboratory

outcomes and clinical outcomes. Lastly, as described in detail above,

our approach to measure selection was to include all available mea-

sures. While these methods address the issue of publication bias from

individual studies selectively reporting significant outcomes, it does

not affect the related problem of whole studies going unreported.

However, given the relative difficulty and costs associated with phar-

macotherapy studies, we believe unreported outcomes will be a signif-

icantly larger problem than unreported studies. Nevertheless, the issue

of selective reporting remains a problem, and recent calls for transpar-

ency in science, across a range of disciplines,88 underscore this impor-

tant issue. This meta‐analysis suggested that selective reporting was in

fact an issue in the literature on the effects of naltrexone on subjec-

tive responses to alcohol. Requirements to preregister trials and a

priori outcomes as well as to share data represent a few of the steps

towards addressing this broader issue of scientific integrity and

accountability.89

In conclusion, the current meta‐analysis aggregates across multiple

human laboratory studies of naltrexone effects on subjective
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responses to alcohol, providing a comprehensive summary of key

putative mechanisms of naltrexone efficacy, namely, alteration of the

subjective experience of alcohol intake. While the effect sizes in the

laboratory are marginally larger than those obtained in clinical trials,

both are uniformly small in magnitude. Insofar as these putative

mechanisms of action, in this case subjective response to alcohol, are

closer to the underlying biological effects of naltrexone, larger effect

sizes might be expected. This expectation is also consistent with

an endophenotype approach to psychiatric phenotypes, AUD

included.90-92 Thus, a broader conclusion from the meta‐analytic find-

ings on naltrexone, both in the clinic and in the human laboratory, is

that the small effect size estimates are prevalent across levels of anal-

ysis and that until reliable predictors of treatment efficacy are

detected, the clinical utility of naltrexone for the treatment of AUDs

remains limited. Whether the prediction of naltrexone response will

be driven by human laboratory constructs, by self‐report measures

(eg,74), or by emerging research on brain imaging (eg,73), the overarch-

ing goal is to optimize the use of this pharmacotherapy for AUD.
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