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Abstract

Background : Clinical guidelines remain unclear on which medications for gambling disorder are to be preferred in terms of efficacy and tolerability. We 

aimed to compare pharmacological treatments for gambling disorder in terms of efficacy and tolerability, using network meta-analysis (NMA).

Methods : Based on our pre-registered protocol [CRD42022329520], a structured search was conducted across broad range of databases, for double-blind 

randomisedrandomized controlled trials (RCTs) of medications for gambling disorder. Data were independently extracted by two researchers. We used 

standardized mean differences (SMD) using Hedges’' g to measure the efficacy outcomes, and for the effect for tolerability we used dropout rate due to 

medication side effects, expressed as odds ratio (OR). Confidence in the network estimates was assessed using the CINeMA framework. We followed the 

PRISMA-NMA guidelines for this work. Outcomes were gambling symptom severity and quality of life (for efficacy), and tolerability.

Findings : We included 22 RCTs in the systematic review and 16 RCTs (n = 977 participants) in the NMA. Compared with placebo, moderate confidence 

evidence indicated that nalmefene [Standardized Mean Difference (SMD): ‐−0.86; 95%95 % confidence interval (CI: ‐−1.32,-0.41)] reduced gambling severity, 

followed by naltrexone (SMD: -0.42; 95%95  %CI: (‐−0.85,0.01)). Naltrexone (SMD: -0.50; 95%95  %CI: (‐−0.85,-0.14)) and nalmefene (SMD: -0.36; 

95%95 %CI: (‐−0.72,-0.01) were also more beneficial than placebo in terms of quality of life. Olanzapine and topiramate were not more efficacious than 

placebo. Nalmefene [Odds Ratio (OR): 7.55; 95%95 %CI: (2.24‐–25.41)] and naltrexone (OR: 7.82; 95%95 %CI: (1.26‐–48.70)) had significantly higher 

dropout due to side effects (lower tolerability) compared with placebo.

Interpretation : Based on NMA, nalmefene and naltrexone currently have the most supportive evidence for the pharmacological treatment of gambling 

disorder. Further clinical trials of novel compounds, and analysis of individual participant data are needed, to strengthen the evidence base, and help tailor 

treatments at the individual patient level.

Data availability

The data that support the findings of this study are available upon reasonable request from the corresponding author (e.g. for peer review purposes) and will be published 

upon acceptance of the manuscript.

1.1 INTRODUCTIONntroduction

Q1

Konstantinos Ioannidis
a,b,⁎

, k.ioannidis@soton.ac.uk, Cinzia Del Giovane
c
, Charidimos Tzagarakis

d
, Jeremy E. Solly

b,e
, Samuel J. Westwood

f,1
, Valeria Parlatini

g,klm,1
, 

Henrietta Bowden-Jones
h
, Jon E. Grant

i
, Samuele Cortese

j,nop,q
, Samuel R. Chamberlain

a

a
Department of Psychiatry, Faculty of Medicine, University of Southampton, UK and Hampshire and Isle of Wight Healthcare NHS Foundation Trust, Southampton, 

UK

b
Cambridgeshire and Peterborough NHS Foundation Trust, Cambridge, UK

c
Department of Medical and Surgical Sciences for Children and Adults, University-Hospital of Modena and Reggio Emilia, Modena, Italy and Institute of Primary 

Health Care (BIHAM), University of Bern, Bern, Switzerland

d
Department of Psychiatry, School of Medicine, University of Crete, Iraklion, Greece, Organization Against Drugs (OKANA), Athens, Greece and Department of 

Neuroscience, University of Minnesota, Minneapolis, MN, United States

e
Department of Psychiatry, University of Cambridge, UK

f
Department of Psychology, Institute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

g
CIMH, School of Psychology, University of Southampton, Southampton, UK

h
National Problem Gambling Clinic & National Centre for Gaming Disorders, London, UK; and Department of Psychiatry, University of Cambridge, UK 

Cambridgeshire and Peterborough NHS Foundation Trust, Cambridge, UK

i
Department of Psychiatry and Behavioral Neuroscience, University of Chicago, Chicago, IL, USA

j
Centre for Innovation in Mental Health, School of Psychology, Faculty of Environmental and Life Sciences, University of Southampton, Southampton, UK

k
Hampshire and Isle of Wight NHS Foundation Trust, UK

l
Department of Child and Adolescent Psychiatry, Institute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

m
Department of Forensic and Neurodevelopmental Sciences, Institute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

n
Clinical and Experimental Sciences (CNS and Psychiatry), Faculty of Medicine, University of Southampton, Southampton, UK

o
Solent NHS Trust, Southampton, UK

p
DiMePRe-J-Department of Precision and Rigenerative Medicine-Jonic Area, University of Bari "Aldo Moro", Bari, Italy

q
Department of Child and Adolescent Psychiatry, New York University Grossman School of Medicine, New York, USA

⁎
Corresponding author at: Southern Gambling Service, College Keep, 4-12 Terminus Terrace, Southampton SO14 3DT.

1
equally contributed

Q2

i Corrections to the list or order of authors will require written approval from all authors and is subject to approval from the journal’s editor. This may delay the publication of your 

article.

Q3

Q4

Q5

Keywords:

Gambling, Network meta-analysis, Pharmacotherapy, treatment



Gambling disorder is a complex behavioural addiction, which affects individuals and those around them and has substantial public health implications worldwide [1]. It is 

characterized by persistent and recurrent gambling leading to negative consequences, including e.g. interpersonal conflict, serious financial problems, homelessness, 

mortgage foreclosure, and elevated risk of suicide [2,3]. Gambling disorder is currently classified as a behavioural addiction in the International classification of Disease 

11th Edition (ICD-11) [4] and as a Substance-Related and Addictive Disorder in the Diagnostic and Statistical Manual 5th Edition (DSM-5-TR) [5].

Psychological interventions (i.e., gambling focused cognitive-behavioural therapy –CBT–, in its many variants) are widely used to treat gambling disorder [3]. However, 

there is no clear consensus about the most effective treatment strategies and the optimal sequencing of psychological and pharmacological options. Some international 

guidelines suggest pharmacological options (specifically, naltrexone), further to CBT, for treatment-resistant gambling disorder [6] or as an adjunct pharmacology to talking 

therapies or naltrexone as monotherapy [7]. Also, those guidelines recommend against the use of antidepressants (such as selective serotonin reuptake inhibitors, SSRIs) as 

monotherapy for gambling disorder, unless there is comorbid depression or anxiety.

A growing body of studies of pharmacological treatments for gambling is emerging. There have been previous attempts to pool evidence from these studies. A pairwise 

meta-analysis including 34 studies (open label, non-randomisedrandomized and randomisedrandomized control trials [RCTs], with or without concomitant psychological 

interventions), showed large effects for pharmacological treatments overall (Hedge’'s g = 1.35 in terms of global severity of gambling; medium effect size, g = 0.41 when 

including RCTs only) [8]. However, this analysis was not designed to compare different compounds, and additionally, did not find differences in effects between classes of 

medication [8].

A recent Cochrane systematic review and pairwise meta-analysis of the pharmacological interventions of disordered and problem gambling [9] used a major-category 

examination approach (e.g. “antidepressants”, “opioid-antagonists”) across 17 RCTs (n  =  1193). The meta-analysis found evidence that antidepressants and mood 

stabilizers were not significantly better than placebo in treating gambling symptoms. Opioid antagonists (SMD: −0.46, 95%95  %CI (−0.74 to −0.19)) and atypical 

antipsychotics (SMD: −0.59, 95%95 %CI (−1.10 to −0.08)) were found to be beneficial in treating gambling symptoms versus placebo. However, the Cochrane meta-

analysis only considered direct (head-to-head) comparisons, and this limited the number of comparisons included due to the paucity of head-to-head studies for gambling 

disorder [9]. Moreover, the Cochrane review and previous meta-analyses did not consider any quality of life outcomes, which are highly relevant outcomes in addition to 

gambling symptoms severity.

Thus, many important questions on the pharmacological treatment of gambling remain unanswered, including: 1) which individual compounds (even from those within the 

same class, e.g. opioid receptor antagonists) are the most efficacious for gambling disorder? 2) which are best tolerated medications when compared to each other? and 3) 

which medications have the strongest impact on quality of life?

Network meta-analysis (NMA) can address these crucial gaps in the field, by providing, under certain assumptions, comparative evidence on the efficacy and tolerability of 

two or more treatments, even when they have not been directly compared in the individual trials included in the NMA [10]. This evidence can then be used to rank or 

compare the effects of several interventions simultaneously [11], using an a priori stated research question and appropriate ranking metrics, which can help avoid common 

controversies which arise in comparative effectiveness research [12]. One of the advantages of NMAs is that combining direct and all possible indirect evidence from a 

network of interventions may increase the precision of the effect size estimate, even when there is direct evidence for that specific comparison [13]. Notably, while the 

useful insights produced by NMAs are well established, many NMAs are commissioned by industry, are not pre-registered, and never get published to allow for an 

equitable dissemination of knowledge and public health benefits [14]. At a time when the UK National Institute for Health and Care Excellence (NICE) is developing 

initial clinical guidelines for gambling disorder [15], an NMA is urgently needed to allow for a thorough and up-to-date examination of evidence supporting 

pharmacological treatment(s) for gambling disorder. Such work is also likely to directly inform other international guidelines (whether new or updated) in the future. 

Therefore, we conducted the first NMA to compare the effects of pharmacological treatments on symptoms and quality of life, in the management of gambling disorder, as 

well as the relative tolerability of such treatments.

2.2 METHODSethods

The study protocol was pre-registered on the PROSPERO International prospective register of systematic reviews [Registration number: CRD42022329520, available 

from: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=329520]. This study reporting followed the PRISMA-NMA guidelines [16] (eAppendix 1 in 

Supplement 1). The PRISMA-NMA checklist is shown in the supplementary material (eAppendix 2 in Supplement 1).

2.1.2.1 Search strategy

We searched for published and unpublished data. The search strategy and syntax were determined by consensus amongstamong the co-authors, with further expert 

refinement from Systematic Review Solutions Ltd. (SRS), an independent professional company specialising in meta-research. The search strings used and full list of 

electronic databases and clinical trial registries in which the search was conducted are available in the supplementary material (eAppendix 3 in Supplement 1). The initial 

search was conducted on the 13th of July 2022 and then updated on the 19th of February 2024.

2.2.2.2 Eligibility criteria

We included RCTs comparing an active medication vs. placebo, or active medications with each other, for the treatment of Gambling Disorder/Pathological Gambling. 

Trials with a cross-over design were included if data from the pre cross-over phase were available, to avoid carry-over effects [17]. We included only studies of adults 

(>18 yrs) with a primary DSM (III onwards) or ICD (9 onwards) diagnosis of Gambling Disorder/Pathological Gambling. For the NMA, we excluded studies which had 

insufficient data, or those that specifically included a primary psychiatric condition in the whole sample, other than gambling as part of inclusion criteria.

2.3.2.3 Data extraction and outcomes

Details on data extraction can be found in the supplementary material (eAppendix 1 in Supplement 1).

2.4.2.4 Data synthesis

We calculated the standardized mean differences (SMD) using Hedges’' g to measure the efficacy outcomes, because different scales were used to assess the same outcome. 

The measure of effect for tolerability was the dropout rate due to medication side effects, expressed as odds ratio (OR). Study arms randomizing the same compound at 

different dose were merged into a single arm. First, we conducted conventional pairwise meta-analyses with a random-effects model for all outcomes and treatment 

comparisons with at least two studies, [18] followed by frequentist NMA for all outcomes using random-effects models [19]. We also performed a sensitivity analysis by 

conducting NMA for gambling severity, by analysing each scale of gambling severity separately, and restricting the analysis to mean difference (MD) only. We used 

STATA®/IC 18.1 (StataCorp LLC, College Station, TX, USA, the network command [20] and the network graph package [21]) to perform all analyses and plotting.

2.5.2.5 Study risk of bias assessment and confidence in Network Meta-Analysis estimates (CINeMA)

We used the Confidence in Network Meta-Analysis (CINeMA) framework to assess the confidence in the estimates obtained from the NMA. More information about how 

CINeMA was implemented is presented in the supplementary material (eAppendix 4 in Supplement 1).

3.3 RESULTSesults

The search yielded 4261 references from electronic databases and 71 hits from clinical trial registries. A final set of 22 eligible RCTs were selected for inclusion in the 

systematic review. Inter-rater reliability, determined using the Finn coefficient, was 0.863 (good) for the initial search and 0.991 (excellent) for the updated search, 

calculated using R [package “irr”]([22])). All disagreements were resolved by consensus. Six of these RCTs were excluded from the NMA either due to insufficient data 

(n = 4), or the inclusion of a primary psychiatric co-concurrent condition in the whole sample (n = 2), which we deemed violated the NMA transitivity assumption. 

Randomized participants were ~49% 49 % males (674/1371), and their ages ranged from 29.7 to 51.5 years (Mean = 43.56; SD = 5.81). Each of the 16 RCTs included in 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=329520


the NMA (total participants: 977) contributed to one pairwise comparison, totalling 16 comparisons across studies (16 for gambling severity, 12 for tolerability, nine for 

quality of life). The main characteristics of those studies included in the NMA ([22–37]) are presented in Table 1.

Full details about the search results are presented in the PRISMA flowchart (Fig. 1). Full characteristics of the studies, RoB 2 assessment and ORBIT classifications are 

presented in the supplementary material (eAppendix 5 in Supplement 1).

alt-text: Table 1

Table 1

Overview of literature included in the NMA.

#
First Author 

(Year)
Study Type and Design Arms

N 

randomized

Active/

placebo

Duration Statistical analysis

Was active treatment superior to 

placebo in the original 

publication?

1
Alho et al. [

23] (2022)

Double Blind RCT 

Parallel design, 2 arms

naloxone vs. 

placebo

62/64 12-weeks ITT, Linear mixed-effects model No

2
De Brito et al. 

[24] (2017)

Double Blind RCT 

Parallel design, 2 arms

topiramate 

vs. placebo

18/20 12-weeks No ITT, imputation method not clearly stated Yes

3

Kovanen et 

al. [31] 

(2016)

Double Blind RCT 

Parallel design, 2 arms

naltrexone 

vs. placebo
50/51 20-weeks Linear Random Effects model (outcome-time) No

4

McElroy et 

al. [32] 

(2008)

Double Blind RCT 

Parallel design, 2 arms

olanzapine 

vs. placebo
21/21 12-weeks

ITT Random-effects regression (treatment, time and 

treatment × time interaction)
No

5

Berlin et al. [

33] (2013)

Double Blind RCT 

Parallel design, 2 arms

topiramate 

vs. placebo
20/22 14-weeks

Completers only

(ITT with regression used for CGI-I only, not included in 

NMA due to data format limitations)

No

6

Grant et al. [

37] (2010)

Double Blind RCT 

Parallel design, 3 arms

nalmefene 

vs. placebo
159/74 16-weeks

Completers only

(ITT with MLM used in the paper but not available for 

NMA due to data format limitations)

Yes

(only for those who received full 

titration for at least 1 week)

7
Grant et al. [

36] (2008)

Double Blind RCT 

Parallel design, 2 arms

naltrexone 

vs. placebo

58/19 17-weeks
ITT linear mixed model, the covariance structure of 

repeated visit data was modelled as autoregressive

Yes

8
Fong et al. [

25] (2008)

Double Blind RCT 

Parallel design, 2 arms

olanzapine 

vs. placebo

11/12 6-weeks ITT, mixed model repeated measures approach No

9
Black et al. [

26] (2008)

Double Blind RCT 

Parallel design, 2 arms

bupropion 

vs. placebo

18/21 12-weeks
ITT, linear mixed-effects model (treatment, time and 

treatment × time interaction)

No

10

Grant et al. [

35] (2006)

Double Blind RCT 

Parallel design, 4 arms

nalmefene 

vs. placebo
156/51 16-weeks

Linear mixed-effects model treatment, time, site, treatment × 

time, treatment × site for all participants with two data 

points

Yes

11

Dannon et al. 

[27] (2005)

Single-blinded (rater) 

RCT Parallel design, 2 

arms

naltrexone 

vs. 

bupropion

17/19 12-weeks ITT method not clearly stated N/A

12
Kim et al. [30

] (2002)

Double Blind RCT 

Parallel design, 2 arms

paroxetine 

vs. placebo

23/22 8-weeks ITT with LOCF for all participants with two data points Yes

13
Grant et al. [

34] (2003)

Double Blind RCT 

Parallel design, 2 arms

paroxetine 

vs. placebo

36/40 16-weeks ITT with LOCF for all participants with two data points No

14
Kim et al. [28

] (2001)

Double Blind RCT 

Parallel design, 2 arms

naltrexone 

vs. placebo

20/25 11-weeks
LOCF for all participants who reached week 6, according to 

a priori hypothesis

Yes

15

Hollander et 

al. [29] 

(2000)

Double Blind RCT Cross-

over design, 2 arms

fluvoxamine 

vs. placebo
6/7 8-weeks Completers only Yes

16
Grant et al. [

38] (2024)

Double Blind RCT 

Parallel design, 2 arms

silymarin vs 

placebo

17/26 8-weeks
ITT, Linear mixed-effect model treatment, time, treatment × 

time

No

Legend: RCT = Randomized Control Trial; ITT = Intend-to-Treat; LOCF = Last Observation Carried Forward; MLM = Mixed Linear Models; CGI-I = Clinical Global Impression-Improvement; 

NMA = Network Meta-Analysis.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To view the 

actual presentation of the table, please click on the  located at the top of the page.
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Comparisons included in the NMA comprised nine different medications: three opioid receptor antagonists, (naltrexone, nalmefene, naloxone); two selective serotonin 

reuptake inhibitors (SSRIs - paroxetine and fluvoxamine); one mood stabilizer/antiepileptic (topiramate); one norepinephrine–dopamine reuptake inhibitor (NDRI, 

bupropion); one antipsychotic (olanzapine); and one plant-based antioxidant (silymarin). Six more medications were included in the studies retained in the systematic 

review only: lithium, sertraline, clomipramine, baclofen, acamprosate and n-acetyl-cysteine (NAC). We did not identify any clear evidence that the transitivity assumption 

did not hold.

Results from the conventional pairwise meta-analysis for each outcome and within each treatment comparison are showed in the forest plots in the supplementary material 

(eAppendix 6 in Supplement 1). Fig. 2 shows the network plots for efficacy on gambling severity, tolerability and efficacy on quality of life.

Forest plots of NMA results for gambling severity, tolerability, and quality of life showing the network estimates for each treatment versus placebo are presented in Fig. 3. 

The results of the NMA for efficacy on gambling severity and tolerability for all possible comparisons are shown in Table 2. The results of the NMA for quality of life are 

presented in Table 3. The NMA showed that, in terms of gambling severity, among nine active drugs and placebo, nalmefene [SMD: ‐−0.86; 95%95 % confidence interval 

(CI: ‐−1.32, ‐−0.41)] was associated with higher efficacy compared with placebo, followed by naltrexone (SMD: -0.42; 95%95 %CI: (‐−0.85, 0.01)). Across medications, 

we identified a superiority of nalmefene over naloxone (SMD: 1.01; 95%95 %CI: (0.20, 1.82)). In terms of tolerability, nalmefene (OR: 0.13; 95%95 %CI: (0.04, 0.45)) 

and naltrexone (OR: 0.13; 95%95 %CI: (0.02, 0.80)) were found to be the least tolerated (i.e., having the highest dropout risk due to side effects) as compared with 

placebo. We did not find any significant difference between active treatments on tolerability. Naltrexone (SMD: -0.50; 95%95 %CI: (‐−0.85, ‐−0.14)) and nalmefene 

(SMD: -0.36; 95%95 %CI: (‐−0.01, ‐−0.72)) were associated with higher quality of life outcomes compared with placebo. Across medication treatments, we identified a 

superiority of nalmefene over naloxone (SMD: -1.01; 95%95 %CI: (‐−1.82, ‐−0.20)) on gambling severity and naltrexone over naloxone (SMD: -0.61; 95%95 %CI: (‐

−1.13, ‐−0.09)) on quality of life. Sensitivity analyses did not indicate any material changes the main NMA results. Main NMA results from sensitivity analyses of 

gambling severity are presented in the supplementary material (eAppendix 7 in Supplement 1).

PRISMA Flowchart.

Legend: PRISMA flowchart.

alt-text: Fig. 2

Fig. 2

Network plots.

Legend: Network plots for: (A) – Efficacy on gambling severity (16 studies); (B) tolerability (12 studies); (C) Efficacy on quality of life (9 studies). Size of nodes represents the number of studies 

in each comparison. Width of the edges represents the number of participants in each comparison. Colour of nodes is according to Rob 2 i.e. green = low, yellow = some concerns, red = high. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

i Images may appear blurred during proofing as they have been optimized for fast web viewing. A high quality version will be used in the final publication. Click on the image to 

view the original version.
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Fig. 3

i Images may appear blurred during proofing as they have been optimized for fast web viewing. A high quality version will be used in the final publication. Click on the image to 

view the original version.



Forest plots of Network Meta-Analysis results for gambling severity, tolerability and quality of life.

Legend – Forest plots of NMA results; SUCRA = surface under the cumulative ranking curve, expressed in percentages; CINeMA = Confidence in network meta-analysis; SD = standard deviation.

alt-text: Table 2

Table 2

NMA results for all possible comparisons for gambling severity (lower triangle) and tolerability (upper triangle).

placebo 3.59 (0.64,20.12) 7.82 (1.26,48.70) NA 2.71 (0.38,19.55) NA 3.59 (0.64,20.12) 7.55 (2.24,25.41)
4.09 

(0.14,120.69)

5.87 

(0.80,42.90)

0.22 (‐

−0.42,0.86)

olanzapine 3.38 (0.29,39.08) NA 1.17 (0.09,15.14) NA 1.55 (0.14,16.60) 3.26 (0.43,24.84)
1.77 

(0.04,75.55)

2.54 

(0.19,33.14)

0.42 (‐

−0.01,0.85)

0.20 (‐

−0.57,0.97)

naltrexone NA 0.35 (0.02,5.12) NA 0.46 (0.04,5.67) 1.04 (0.12,9.31)
0.52 

(0.01,24.52)

0.75 

(0.19,2.98)

‐−0.15 (‐

−0.82,0.52)

‐−0.37 (‐

−1.30,0.56)

‐−0.57 (‐

−1.36,0.23)

naloxone NA NA NA NA NA NA

0.33 (‐

−0.28,0.94)

0.11 (‐

−0.78,0.99)

‐−0.09 (‐

−0.83,0.65)

0.48 (‐

−0.43,1.38)

topiramate NA 1.32 (0.10,18.22) 2.78 (0.27,28.29)
1.51 

(0.03,75.96)

2.17 

(0.13,35.73)

‐−0.06 (‐

−0.91,0.79)

‐−0.28 (‐

−1.35,0.78)

‐−0.48 (‐

−1.43,0.47)

0.09 (‐

−1.00,1.17)

‐−0.39 (‐

−1.44,0.65)

silymarin NA NA NA NA

0.17 (‐

−0.38,0.71)

‐−0.06 (‐

−0.89,0.78)

‐−0.25 (‐

−0.94,0.43)

0.31 (‐

−0.55,1.17)

‐−0.17 (‐

−0.98,0.65)

0.23 (‐

−0.78,1.23)

paroxetine 2.10 (0.26,17.30)
1.14 

(0.03,50.82)

1.64 

(0.12,22.72)

0.86 (0.41,1.32)
0.64 (‐

−0.15,1.43)

0.44 (‐

−0.18,1.07)

1.01 

(0.20,1.82)

0.53 (‐

−0.23,1.29)

0.92 (‐

−0.04,1.89)

0.70 (‐

−0.01,1.41)

nalmefene
0.54 

(0.01,19.75)

0.78 

(0.08,8.00)

0.14 (‐

−1.24,1.52)

‐−0.08 (‐

−1.61,1.44)

‐−0.28 (‐

−1.73,1.17)

0.29 (‐

−1.25,1.82)

‐−0.19 (‐

−1.70,1.32)

0.20 (‐

−1.42,1.82)

‐−0.03 (‐

−1.51,1.46)

‐−0.72 (‐

−2.18,0.73)

fluvoxamine 1.44 

(0.03,72.75)

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To view the 

actual presentation of the table, please click on the  located at the top of the page.



Heterogeneity measures (i.e., common standard deviation heterogeneity estimates) and results from incoherence assessment for all outcomes are presented in the 

supplementary material (eAppendix 8 in Supplement 1). We found low heterogeneity within each network and we did not find evidence of incoherence. In ROB-MEN, 

since all comparisons had fewer than 10 studies, the construction of funnel plots and testing for small-study effects was not possible.

Treatment ranking measures based on NMA results are presented in detail in the supplementary material (eAppendix 9 in Supplement 1) for primary outcomes. Sensitivity 

analysis for low risk of bias studies was not possible due to all available studies having scored “some concerns” or above.

3.1.3.1 Confidence in network meta-analysis estimates based on CINeMA

The confidence in the NMA estimates ranged between very low to high. Moderate confidence was assigned to most of the comparisons versus placebo. In particular, we 

were moderately confident that nalmefene and naltrexone were the most effective when compared to placebo. We were highly confident that nalmefene was the least 

tolerated treatment when compared to placebo. The main reasons for downgrading confidence were within-study-bias, imprecision and heterogeneity. Full CINeMA 

assessment for gambling severity, tolerability, quality of life and sensitivity analyses are presented in the supplementary material (eAppendix 10 in Supplement 1).

4.4 DISCUSSIONiscussion

This is the first NMA of RCTs for the pharmacological management of gambling disorder. Based on NMA, we found moderate confidence evidence indicating that the 

opioid antagonist nalmefene was the most efficacious treatment in reducing gambling symptom severity. The other opioid antagonist often used in clinical practice, 

naltrexone, had moderate confidence evidence of being the second most efficacious treatment and the highest probability of improving quality of life, but with very low 

confidence in the evidence for the latter. However, both these treatments were associated with significantly higher dropout, due to side effects, than placebo, with 

confidence of the evidence from moderate (naltrexone) to high (nalmefene). Both nalmefene (in gambling severity, low confidence) and naltrexone (in quality of life, low 

confidence) showed superiority against naloxone in indirect comparisons. We did not find any other significant differences among medications. Naloxone did not 

differentiate from placebo in the one available study [23]. Notably, naloxone is an opioid antagonist but has a very short duration of effect (short half-life) [39], so lack of 

efficacy is perhaps unsurprising. Overall, these results provide useful insights that can support clinical decision-making around the pharmacological management of 

gambling. There are differences between opioid receptor antagonists in how they bind to brain receptors. For example, naltrexone has a preference for mu opioid receptors 

(MOR) and binds to a lesser extend to kappa opioid receptors (KOR), while nalmefene binds with similar strength to MOR and KOR [39]. Such differences could 

theoretically influence treatment effects and tolerability profiles, but ultimately, both medications are thought to dampen dopamine neurotransmission in the nucleus 

accumbens and associated motivational neurocircuitry, reducing gambling excitement and craving [40]. In the context of other disorders, it has been argued that nalmefene 

may have advantages over naltrexone in terms of its bioavailability, ability to bind differentially to particular brain opioid receptors (stronger affinity to kappa opioid 

receptors, mechanistically relevant in exerting antidepressant effects, but can also alter the side effect profile), [41,42] and its apparent absence of dose-dependent liver 

toxicity (for discussion see Soyka) [43]. However, given that the side-effect profiles and overall tolerability can impact on the treatment’'s effectiveness in clinical practice, it 

is important to cautiously interpret the efficacy results and pursue further ascertainment of naltrexone’'s and nalmefene’'s effectiveness. Further to that, it is important to 

acknowledge that there is currently no licensed pharmacological option for the treatment of gambling disorder, so that any such prescriptions would be off-label. It is, 

however, important to highlight the distinction between “off-label” and lacking supportive evidence for efficacy, as often prescribing off-label is a common feature of 

prescribing in general psychiatry and having a license does not constitute proof of efficacy or safety [44]. The pros and cons of such prescriptions need to be considered on 

a case-by-case basis and a balance has to be struck between undue therapeutic conservatism that limits patient choice and reduces chances of optimising treatment 

approaches (i.e. in this case by restricting access to valid medication options) and overenthusiastic approaches which may steer away from best-treatment approaches [44] 

(e.g. in this case by over-relying on pharmacotherapies for GD while withholding other evidence-based options).

Contrary to a previous Cochrane review [9], this NMA showed that olanzapine was not statistically better than placebo in terms of primary or secondary efficacy outcomes. 

Due to combining direct and indirect evidence, as well as head-to-head comparisons, an NMA analysis may provide more accurate and complete results as compared to a 

conventional pairwise meta-analysis. Our NMA indicated that olanzapine is a less suitable treatment option for gambling disorder than previously considered, due to lack of 

efficacy. We found low confidence evidence indicating that olanzapine was the most well-tolerated among treatments. This is in contrast with the side effect profile reported 

more widely in the psychiatric literature [45]. However, considering the lack of evidence of its efficacy, a preferable tolerability profile becomes less relevant.

Furthermore, we observed moderate confidence evidence that topiramate was not different from placebo in NMA on any of the primary or secondary outcomes, however it 

achieved relatively good rankings in all outcomes. It is also important to consider that in general terms the placebo effects in the pharmacological trials of GD are of large 

magnitude, making it challenging to detect a true active effect of medication [46]. Topiramate has a complex pharmacology and has been used in other areas of addiction 

psychiatry. Therefore, given the relatively good rankings, topiramate might merit further evaluation in clinical trials before being dismissed as a treatment option for 

gambling disorder.

4.1.4.1 Limitations
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Legend: Lower triangle: SMD and 95%95 %CI in brackets for efficacy on gambling severity; read from left to right, positive scores favour treatment on the right (better treatment effect). Upper 

triangle: tolerability assessed with ORs from drop outs due to side effects and relative 95%95 %CI; read from right to left; ORs below 1 favour treatment on the left (better tolerated). Note: Alho 

et al. 2022 (naloxone vs. placebo) and Grant et al. 2024 (silymarin vs. placebo) were excluded from tolerability analysis due to non-events in both treatment arms.
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Table 3

NMA results for all possible comparisons for quality of life.

topiramate

‐−0.45 (‐−0.92,0.02) placebo

‐−0.36 (‐−1.02,0.30) 0.09 (‐−0.37,0.56) paroxetine

0.04 (‐−0.55,0.63) 0.50 (0.14,0.85) 0.40 (‐−0.18,0.99) naltrexone

‐−0.57 (‐−1.18,0.03) ‐−0.12 (‐−0.50,0.27) ‐−0.21 (‐−0.81,0.39) ‐−0.61 (‐−1.13,‐−0.09) naloxone

-0.09 (‐−0.68,0.50) 0.36 (0.01,0.72) 0.27 (‐−0.32,0.86) ‐−0.13 (‐−0.64,0.37) 0.48 (‐−0.04,1.00) nalmefene

‐−0.22 (‐−1.02,0.59) 0.24 (‐−0.42,0.89) 0.15 (‐−0.66,0.95) ‐−0.26 (‐−1.00,0.48) 0.35 (‐−0.40,1.11) ‐−0.12 (‐−0.87,0.62) silymarin

‐−0.52 (‐−1.35,0.31) ‐−0.07 (‐−0.75,0.62) ‐−0.16 (‐−0.99,0.67) ‐−0.56 (‐−1.33,0.21) 0.05 (‐−0.73,0.84) ‐−0.43 (‐−1.20,0.34) ‐−0.30 (‐−1.25,0.64) bupropion

Legend: Lower triangle: SMD and 95%95 %CI in brackets for quality of life; read from left to right, positive scores favour treatment on the right (better treatment effect).

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To view the 

actual presentation of the table, please click on the  located at the top of the page.



Several limitations should be considered, reflecting both limitations of the included RCTs and of our NMA. In terms of limitations of the included RCTs, 81.25%25 % 

[13/16] of them were judged of moderate quality and 18.75%75 % [3/16] of low quality at the RoB2, mainly due to concerns over bias in the selection of reported result, 

but also missing outcome data. This reflects the state of the field and the fact that gambling disorder has been relatively neglected as compared to other mental health 

conditions, with most studies having been completed more than a decade ago. High quality RCTs are scarce and, in our view, this highlights further the importance of this 

NMA analysis in guiding the design of future RCTs. Moreover, the vast majority of the samples included both genders of middle aged participants. Differential gender 

effects could not be examined and the results cannot be extrapolated to other age groups e.g. older people or children and adolescents. Furthermore, while we did not detect 

significant heterogeneity across studies overall, there were some methodological differences among studies that need to be considered. Different dosing schemes could have 

accounted for some heterogeneity – for example, Kovanen et al. [31] used as required (PRN) dosing of naltrexone, as opposed to previous studies which used daily 

schemes with titration to a maximum tolerated dose using clinical judgement [28,36]. Similarly, the two nalmefene studies used different dosing schemes (20 mg/40 mg vs. 

25 mg/50 mg/100 mg) [35,37], and dose can potentially influence efficiency and tolerability outcomes, including dropout rates. In terms of limitations of our NMA, due to 

the presence of few closed loops in our network, we were not able to assess incoherence in all areas of our network. In the loops assessed we did not find evidence of 

incoherence. Moreover, due to the limited number of available studies, we were not able to meaningfully perform meta-regression to assess whether duration of treatment or 

mode of administration or dosing moderated effects in our network. However, most of the included studies had a similar duration of treatment between 12‐ and 20 weeks 

and used oral treatments. Furthermore, we did not have enough data to test effect modifiers like study sponsorship, comorbid psychiatric conditions, and mean baseline 

severity. Similarly, due to the small overall number of studies, we were not able to produce funnel plots to graphically identify reporting bias in ROB-MEN; while we could 

not detect such biases, this does not mean that those do not exist. Furthermore, some of the early studies in the field used Last-Observation-carried-Forward (LOCF) 

approach which can bias results when there is an interaction of time × outcome. We opted to use completers only data when these were available (e.g. in Kim et al. 2001). 

Adherence to intention-to-treat (ITT) principles as well as fostering wider collaborations to support data synthesis using individual participant data (IPD) is critical for the 

future. Finally, while NMAs, in general, do not generate randomized evidence, they do provide observational evidence and helpful insights into the clinical dilemma of 

choosing between pharmacological options. Therefore, while NMA allows for indirect head-to-head comparisons, those could theoretically be better estimated from real-

life RCTs. In practice, though, this can be prohibitively expensive and time consuming.

4.2.4.2 Implications of the results for practice, policy, and future research

The current NMA provides the highest level of evidence synthesis to inform clinical practice as well as national and international treatment guidelines in terms of 

pharmacological options that should be considered for gambling disorder. Based on the NMA findings, nalmefene and naltrexone should currently be regarded as having 

the best available evidence for efficacy in the treatment of gambling disorder. However, there are limitations applicable in this data synthesis mainly stemming from the 

relatively small number and variable quality of reporting of available RCTs. In the absence of direct head-to-head comparisons of these two medications in gambling 

disorder, and rigorous health-economic evaluations, we would suggest that both are retained equally as first-line pharmacological treatment options. Retaining several 

options may also reduce the likelihood of patients having no feasible pharmacological treatment option – such as if one medication is not available in a particular 

geographical area/country, or in the case of supply disruptions.

Given the limited number of treatment options identified in the current NMA, and the high public health priority of gambling disorder [3,47], further large-scale clinical 

trials are urgently needed in relation to these and other medications for gambling disorder. A major reason for the low yearly rate (<1/year) of pharmacological RCTs for 

gambling disorder over the past decade, and relatively small number of studies accrued over time, is the lack of independent research funding being made available. 

Therefore, we encourage funding bodies to support independent clinical trials into gambling disorder. A summary of recommendations for future clinical trials for gambling 

disorder are made in Box 1, based on the findings of this review.
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Example STATA code and package information for NMA can be found in the supplementary material (eAppendix 11 in Supplement 1).
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BOX 1:Box 1

Considerations for future clinical trials of pharmacological interventions for gambling

• Full data reporting and adherence to intention to treat principles.

• Fostering wider collaborations and research design and dissemination practices to support data synthesis using individual participant data (IPD) is critical

• Standardization of treatment duration and follow up

• Nalmefene and naltrexone show the best efficacy profile, however they coupled with relatively lower tolerability versus other compounds or placebo. To address tolerability issues, clinicians 

should initially consider doses found to be effective but not in the high range e.g. 50 mg‐–100 mg for naltrexone, 50 mg or less for nalmefene. At the same time, it should be appreciated that 

higher doses may be needed in particular cases, such as in treatment non-response or partial response.

• Topiramate ranked relatively highly in terms of efficacy and tolerability profile, but it was not statistically better than placebo. Further studies are warranted to determine if this is an issue 

with statistical power.

• Due to its good tolerability profile, future controlled studies should further examine NAC to assess its efficacy.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To view the 

actual presentation of the table, please click on the  located at the top of the page.
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Highlights

• Network meta-analysis (NMA) indicated that nalmefene and naltrexone have the most evidence for the treatment of gambling disorder.

• Naltrexone and nalmefene were also more beneficial than placebo in terms of improving quality of life.

• Nalmefene and naltrexone had significantly lower tolerability compared with placebo.

• Olanzapine and topiramate were not more efficacious than placebo.
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