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Abstract

Aims: Perhaps the most important step when designing and conducting randomized controlled

trials (RCTs) in addiction is to put methodological safeguards in place to minimize the likelihood

for bias to affect trial outcomes. In this study, we applied the revised Cochrane risk of bias tool (ROB

2) to RCTs of drug, alcohol or tobacco interventions.

Methods: We searched for trials published in 15 addiction medicine journals over a 7-year period.

Our primary endpoint is the risk of bias of included studies. We conducted a sensitivity analysis of

publicly funded trials.

Results: Overall, included RCTs were most often at high risk of bias per our judgments (244/487,

50.1%). However, significant proportions of included RCTs were at low risk of bias (123/487, 25.3%)

or some concerns for bias (120/497, 24.6%). RCTs with behavioral modification interventions (19/44,

43.2%) and alcohol interventions (80/150, 53.3%) had the highest proportion of high-risk judgments.

In a sensitivity analysis of publicly funded RCTs), 195/386 (50.5%) were at high risk of bias.

Conclusions: Approximately half of included drug, alcohol or tobacco RCTs in our sample were

judged to be at high risk of bias with the most common reason being a lack of proper blinding or

proper description of blinding. Key action items to reduce bias in future addiction RCTs include

adequate randomization, blinding and inclusion of a trial registry number and protocol.

INTRODUCTION

Randomized controlled trials (RCTs) have led to a number of sig-
nificant advancements in the treatment of drug, alcohol and tobacco
dependence. For example, numerous trials have shown that vareni-
cline is capable of increasing rates of smoking cessation (Koege-
lenberg, Noor, and Bateman, 2014; Ebbert et al., 2015; Jhanjee
et al., 2015). At the request of the National Institute on Drug Abuse
(NIDA), the National Academies of Medicine, in a report about
the behavioral, ethical, legal and social issues surrounding novel
immunotherapeutic medications, stated that ‘NIDA may wish to
encourage research into these issues in parallel with—if not inte-
grated into—clinical trials’ (National Research Council et al., 2004).
Establishing RCTs as a funding priority may increase the validity
of new research findings, since RCTs are generally believed to be

the highest level of primary research evidence (Burns, Rohrich, and
Chung, 2011). However, for RCTs to generate evidence-based results,
they must first exhibit robust design to prevent bias.

Perhaps the most important step when designing and conducting
RCTs in addiction is to put methodological safeguards in place to
minimize the likelihood for bias to affect trial outcomes. Bias may
arise from low-quality a priori design, poor study conduct and poor
data analysis. For example, if authors choose a priori to conduct
an unblinded trial, wherein the investigators, patient or both know
what intervention is being given, the subsequent trial results may
be biased (Schulz et al., 1995; Moher et al., 1998). Similarly, if
during the study efforts to maintain strong intervention compli-
ance are not put forth, unacceptable rates of attrition may ensue,
which can result in unbalanced treatment groups and potential bias
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(Nunan, Aronson, and Bankhead, 2018). Last, if measures are not
taken to adhere to predefined endpoints and analyses, selective
outcome reporting and p-hacking may occur, wherein authors choose
to highlight statistically significant findings at the expense of non-
significant results (Chan et al., 2004; Head et al., 2015; Wayant et al.,
2017). Altogether, conducting an RCT that is at low risk of bias is a
weighty endeavor; however, the consequences of RCTs at high risk of
bias are severe enough to mandate investigations.

While risk of bias has been studied in other fields, including
HIV/AIDS (Wayant et al., 2019), otolaryngology (Skinner et al.,
2019), emergency medicine (Brown et al., 2019) and antithrombotic
therapy (Edwards et al., 2018), we know very little about the risk of
bias of addiction trials. The literature is surprisingly absent in this
regard. Cochrane reviews performed by the Drug and Alcohol group
provide some initial indications that systematic review summary
effects are often limited by studies judged to be at high or moderate
risk of bias due to multiple factors, such as outcome reporting or
allocation concealment (Minozzi et al., 2010, 2015, Rösner et al.,
2010; Gowing et al., 2014; Pani et al., 2014). The absence of
dedicated risk of bias assessments for a large cohort of RCTs of
addiction medicine interventions forms the basis for the present study.

Recently, we have shown that data-sharing practices in addiction
RCTs are lacking (Vassar et al., 2020), RCT reporting may be
improved (Vassar et al., 2019a), and bias from selective outcome
reporting is prevalent (Vassar et al., 2019b). This investigation builds
on those previous by examining global risk of bias in a cross section
of RCTs published in addiction medicine journals. We applied the
revised Cochrane risk of bias tool (ROB 2) to RCTs of drug, alcohol
or tobacco interventions. The revised ROB 2 tool is currently the most
comprehensive and robust risk of bias tool for clinical trials. ROB 2
was designed, and is recommended, by members of the Cochrane Col-
laboration to assess five Domains of bias that have been empirically
shown to affect RCT results (Higgins et al., 2019). The structure of
ROB 2 is unique and improves upon previous risk of bias tools. For
example, ROB 2 uses decision tree algorithms and signaling questions
to objectively guide an investigator to a risk of bias judgment, rather
than relying on the investigator’s subjective judgment or feeling. In
this study, our primary objective is to investigate the overall risk
of bias of included trials. Our secondary objective is to explore the
Domains of bias that contribute to overall judgments. We further
conducted a sensitivity analysis of publicly funded RCTs to determine
the risk of bias for RCTs dependent on tax-payer dollars.

METHODS

Our study did not meet the regulatory definition of human subject
research and did not require Institutional Review Board oversight. We
followed the published guidance for reporting meta-epidemiological
(Murad and Wang, 2017) and, where relevant, systematic reviews
(Moher et al., 2009).

Using PubMed (which includes Medline), we searched for trials
published in addiction medicine journals over a 7-year period (2013–
2019). We selected the 15 highest-ranking addiction journals, as
indexed by Google Scholar, by sequentially searching each journal to
determine whether at least 10 clinical trials were published in them.
Our database search strategy was chosen to maximize sensitivity
across the included journals and date parameter (Hoogendam et al.,
2009). The exact strategy was as follows: (Addiction (Abingdon,
England) [Journal] OR Drug and Alcohol Dependence [Journal] OR
Nicotine & Tobacco Research: official journal of the Society for

Research on Nicotine and Tobacco [Journal] OR Addictive Behaviors
[Journal] OR Alcoholism: Clinical and Experimental Research [Jour-
nal] OR Psychology of Addictive Behaviors: Journal of the Society of
Psychologists in Addictive Behaviors [Journal] OR Addiction Biology
[Journal] OR Journal of Studies on Alcohol and Drugs [Journal] OR
International Journal on Drug Policy [Journal] OR Drug and Alcohol
Review [Journal] OR Alcohol and Alcoholism (Oxford, Oxfordshire)
[Journal] OR Journal of Substance Abuse Treatment [Journal] OR
Alcohol (Fayetteville, NY) [Journal] OR The American Journal on
Addictions [Journal] OR Substance Use & Misuse [Journal] AND
Clinical Trial[ptyp] AND ‘2013/01/01’ [PDat]: ‘2017/12/31’ [PDat]).
After peer review feedback, we supplemented our search by duplicat-
ing the search strategy above with the exception of a date range filter
of 01 January 2018 to 31 December 2019.

Included studies were screened independently by two investiga-
tors who were unaware of each other’s responses, consistent with
best practice methods (Checketts et al., 2018; Wayant et al., 2018;
Austin et al., 2018), using Rayyan (Ouzzani et al., 2016) to determine
whether studies met the inclusion criteria. After initial screening, all
discrepancies were resolved by group discussion. These criteria were
randomized clinical trials that addressed one of the following related
to drugs, alcohol or tobacco: (1) addiction prevention, (2) stabiliza-
tion following excessive use of a substance, (3) relapse prevention
and (4) recovery maintenance. We used the National Institutes of
Health definition of an RCT (National Institutes of Health, 2019).
Thus, we excluded observational studies, letters to the editor, meta-
analyses and other studies not using RCT designs.

Data were extracted from all included studies independently
by two investigators who were unaware of each other’s responses.
Extracted data were the journal in which a trial was published, the
trial’s funding source and items comprising the ROB 2 tool. The ROB
2 tool covers five Domains of bias, each with signaling questions that
guide an investigator through a decision tree algorithm to arrive
at a Domain risk of bias judgment. The risk of bias Domains are
as follows (Box 1 in the supplement): Domain 1 (randomization
process), Domain 2 (deviations from the intended interventions),
Domain 3 (missing outcome data), Domain 4 (measurement of
the outcome) and Domain 5 (selection of the reported results).
The signaling questions regarding these bias Domains prompt
bias assessors to respond to each question using one of the five
anchors: yes, probably yes, no, probably no or no information.
Based on a bias assessor’s responses to all signaling questions within
a Domain, they are directed to a Domain bias judgment via a
decision algorithm. To view these decision algorithms and signaling
questions, we recommend the readers review the ROB 2 guidance
document (Sterne et al., 2019).

After each investigator completed risk of bias assessments for all
trials, the two investigators resolved discrepancies. We did not resolve
discrepancies for each signaling question; rather, discrepancies were
resolved only for Domain bias judgments. The rationale for this
decision was that the Domain judgment, rather than the signaling
question response, contributes to the overall bias judgment. Overall
bias judgments were decided based on prespecified criteria. To be
judged as ‘Low Risk’ overall, a trial must be rated as ‘low risk’ for
each bias Domain. To be judged ‘High Risk’, a trial must be rated
‘high risk’ for a single bias Domain or be rated as ‘some concerns’
for a multiple (2+/5) Domains. To be rated as ‘Some Concerns’, a
trial must be rated as ‘some concerns’ for exactly 1 bias Domain.

We categorized the included RCTs by (1) substance (tobacco,
alcohol drug); (2) intervention modality; and (3) treatment setting
(e.g. addiction prevention, stabilization after excessive consumption,
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Box 1. Signaling questions

Domain 1: Randomization

process

Was the allocation sequence

random?

Was the allocation sequence

properly concealed?

Are there baseline

imbalances that suggest a

problem with the

randomization process?

Domain 2: Deviations from

intended interventions

Were participants aware of

their group assignment?

Were those delivering the

intervention aware of group

assignments?

If yes, were there deviations

from the intended

intervention because of trial

context?

If yes, were these deviations

likely to have affected the

trial outcome?

Domain 3: Missing outcome

data

Were data available for all

or nearly all randomized

participants?

If no, is there evidence that

the outcome was not biased?

If no, could missingness in

the outcome depend on its

true value?

If yes, is it likely that

missingness in the outcome

depended on its true value?

Domain 4: Outcome

measurement

Was the outcome

measurement appropriate?

Could measurement have

differed between groups?

If no to both previous

questions, were outcome

assessors aware of the group

assignments?

If yes, could outcome

assessment be affected by

this knowledge?

If yes, is it likely that

outcome assessment was

influenced by knowledge of

intervention received?

Domain 5: Selection of

reported result

Were data analyzed

according to pre-specified

plans?

Is the numerical result likely

to have been selected, on the

basis of results, from

multiple eligible outcomes

or multiple analyses of

outcomes?

relapse prevention, recovery maintenance). Summary statistics were
calculated using Google Sheets. We conducted a sensitivity analysis of
publicly funded RCTs. No further statistical analyses were planned.

RESULTS

Our database search returned 1846 results, of which 487 randomized
controlled trials were included (Fig. 1). The median sample size of
included RCTs was 130 patients (IQR 75–291.5). These RCTs were
most often published in the journals Drug and Alcohol Dependence
(n = 99, 20.3%), Nicotine & Tobacco Research (n = 74, 15.2%) and
Addiction (n = 71, 14.6%) (Table 1). Included trials were most often
funded by public entities (e.g. government; n = 386, 79.3%), followed
by private sources (e.g. foundation or nonprofit = 29, 6.0%), mixed
sources [n = 19 (3.9%) that did not include industry; n = 16 (3.3%)
that included industry] and industry alone (n = 16, 3.3%). Inter-
ventions related to tobacco were most common (n = 158), 32.4%,
followed by alcohol (n = 150, 30.8%)- and drug-related (n = 126,
25.9%) interventions. Interventions were most often designed to
reduce use or cravings (n = 274, 56.3%).

Overall, included RCTs were most often at high risk of bias
(Table 2; Fig. 2), per our judgments (244/487, 50.1%). However,
significant proportions of included RCTs were at low risk of bias
(123/487, 25.3%) or some concerns for bias (120/497, 24.6%).
Two risk of bias Domains were overwhelmingly low risk (Domain
2 = 442/497 (90.8%) (Domain 4 = 456/487 (93.6%)). Domain 3,
while still mostly low risk (403/487 (82.8%)), had higher rates of
high-risk judgment (44/487 (9.0%)). Finally, Domains 1 and 5 had
the lowest proportion of low risk of bias judgments. Domain 1 had
the highest rate of high-risk judgments (53/497 (10.9%)), often due
to a lack of allocation concealment and baseline imbalances between
groups. Domain 5 had the highest rate of some concerns (237/487
(48.7%)). The risk of bias of included intervention modalities is
shown in Table 3, with RCTs with behavioral modification interven-
tions most often being at high risk of bias (19/44, 43.2%). Analysis by
substance type is shown in Table 4, with alcohol interventions most
often being at high risk of bias (80/150, 53.3%).

In a sensitivity analysis of publicly funded RCTs (Table 5),
195/386 (50.5%) were at high risk of bias, nearly identical to the

overall sample. High risk of bias was most often given to Domain 1
(randomization and blinding) (46/386, 11.9%). Similar to the overall
population of included trials, Domain 5 was at some concerns for
bias most often (95/386, 24.6%). When comparing publicly funded
RCTs by intervention modality, medication interventions were most
common (111/386, 28.8%), and ‘Other’ interventions, including
brain stimulation or situational/simulation exposure interventions,
were at the highest risk of bias (17/24, 70.8%).

DISCUSSION

Results of this investigation indicate that drug, alcohol or tobacco
addiction RCTs comprising our sample were most often at high risk
of bias. Approximately half of included RCTs were judged to be
at high risk of bias with the most common reason being a lack
of proper blinding or proper description of blinding. The way in
which trial authors selected their reported results was often suspected
for bias, because such determinations require a trial registration or
protocol. Neither of these items were included in a majority of RCTs
comprising our sample. Previous studies in which the Cochrane ROB
2 tool has been applied have found that trials across biomedicine
commonly have some concerns or are at high risk of bias, with rates
of high-risk trials ranging from 7.6% to 48.6% (Bowers et al., 2018;
Skinner et al., 2019; Wayant et al., 2019; Meyer et al., 2019, 2020;
Goerke et al., 2020). Our study has significantly more included RCTs
and differs from these previous studies by evaluating all journals’
published RCTs, rather than those cited by clinical practice guidelines.
All of these findings together have significant implications for the
design and interpretation of drug, alcohol or tobacco addiction RCTs.

The first implication of RCTs that are at high risk for bias is that
results from such studies might yield unstable results and potentially
spurious conclusions. Bias in the design, analysis or reporting of trial
results may lead to conclusions that are the result of the bias itself
rather than the intervention effect. For example, a lack of blinding
is known to lead to potentially flawed conclusions, since a lack of
blinding is known to exaggerate treatment effects (Schulz et al., 1995;
Moher et al., 1998). Thus, a lack of blinding in addiction medicine
RCTs may lead authors to conclude that strategies to treat addiction
are more effective than they actually are. To mitigate the effect of
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Fig. 1. Flow diagram of included and excluded studies from our original search and the updated search conducted during the peer review process. DAT = drug,

alcohol or tobacco; RCT = randomized controlled trial.

unblinded interventions, authors may choose to measure objective
endpoints, such as mortality (Evans, 2010). In addiction medicine
trials, self-reported measures may be subject to bias if blinding is not
maintained. Our finding that publicly funded RCTs were less often
at risk of bias in Domain 2—which considers whether consequences
from a lack of blinding were present—than the overall population of
included RCTs is significant because it indicates that publicly funded
trials are more likely to measure endpoints that are not likely to be
affected by a lack of blinding. However, the rate of high risk of bias
judgments in Domain 1 (randomization and blinding) must be further
explored.

In our sample, urn randomization was commonly employed. To
illustrate urn randomization, consider an urn with equal numbers of
identical red and black balls. To randomize a patient, an investigator
would reach into the urn and select one ball. If red, the patient would
be randomized to the red group. The red ball would then be placed
back into the urn along with an additional black ball. Now, the urn
would contain n red balls and n + 1 black balls. Thus, group sample
size differences should resolve over time if imbalances occur. Urn
randomization was common in our sample and may have been a
contributor to the high risk of bias judgments. Previous simulation
studies have shown that urn randomization exhibits fewer baseline
imbalances than other forms of randomization in substance abuse
trials (Hedden et al., 2006). However, it has also been shown that urn
randomization is susceptible to temporal trends in the recruitment of
patients, which may lead to baseline imbalances and bias (Friedman
et al., 2015), which were common in our sample. Thus, it is possible
that the presence of urn randomization contributed to the high risk
of bias judgments in our sample. In future clinical trials of substance

abuse interventions, we recommend authors employ safeguards to
balance trial groups and protect urn randomization from temporal
trends. Similarly, since lack of blinding was also common, we rec-
ommend that authors carefully describe how blinding is maintained
and that authors choose to measure objective endpoints that are
not subject to bias should blinding toward the intervention not be
possible.

The second implication, related to Domain 5 (selection of the
reported result), is that included drug, alcohol or tobacco addiction
RCTs infrequently reported a trial registry number or protocol such
that reported results could be compared to analyses planned a priori.
Similar findings have been shown previously when ROB 2 was
applied to RCTs in other areas of medicine (Chase Kruse and Matt
Vassar, 2017; Edwards et al., 2018; Bowers et al., 2018; Wayant et al.,
2019). The goal of trial registration is to reduce two key forms of bias:
publication bias and selective outcome reporting bias. Publication
bias occurs when studies with nonsignificant results are published
less often than studies with statistically significant findings (DeVito
and Goldacre, 2019). The result of publication bias is a predominance
of statistically significant findings in the published literature, which
has been shown to bias notions of perceived intervention efficacy
(Turner et al., 2008). Similarly, selective outcome reporting bias is the
addition, omission or modification of study endpoints in published
trial reports to highlight statistically significant findings (Hutton and
Williamson, 2000). Results of selective outcome reporting bias are
published articles that distract from, or omit, nonsignificant results.
Trial registration allows authors to state the planned analyses and
endpoints prior to trial commencement. Thus, trial registration may
decrease the risk of bias for RCTs, and we recommend all journals
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Table 1. Demographic characteristics of included RCTs (n = 487)

Journal Drug and Alcohol Dependence 99 (20.3%)
Nicotine and Tobacco Research 74 (15.2%)
Addiction 71 (14.6%)
Journal of Substance Abuse Treatment 62 (12.7%)
Addictive Behaviors 48 (9.9%)
Alcoholism: Clinical and Experimental Research 42 (8.6%)
Psychology of Addictive Behaviors 24 (4.9%)
Alcohol and Alcoholism 18 (3.7%)
The American Journal on Addictions 16 (3.3%)
Journal of Studies on Alcohol and Drugs 12 (2.5%)
Substance Use & Misuse 12 (2.5%)
Drug and Alcohol Review 5 (1.0%)
Addiction Biology 3 (0.6%)
International Journal on Drug Policy 1 (0.2%)

Funding source Public 386 (79.3%)
Private 29 (6.0%)
Mixed (without industry) 19 (3.9%)
Industry 16 (3.3%)
Mixed (with industry) 16 (3.3%)
None 9 (1.8%)
Not mentioned 8 (1.6%)
University 3 (0.6%)
Self 1 (0.2%)

Intervention modality Medication 158 (32.4%)
Intervention delivery system 120 (24.6%)
Therapy 104 (21.4%)
Behavioral modification 44 (9.0%)
Other 31 (6.4%)
Financial incentive 30 (6.2%)

Substance Domain Tobacco 158 (32.4%)
Alcohol 150 (30.8%)
Drug 126 (25.9%)
Mixed 53 (10.9%)

Treatment strategy Reduced use/craving 274 (56.3%)
Recovery maintenance 151 (31.0%)
Mixed 22 (4.5%)
Other (e.g. improved medication adherence) 20 (4.1%)
Prevention (of initial addiction) 14 (2.9%)
Stabilization after excess ingestion (overdose) 6 (1.2%)

Sample size Median (IQR) = 130 (IQR 75–291.5)

Table 2. Risk of bias for all studies (n = 487) for each bias domain

Total Domain 1
randomization
process

Domain 2
deviations from
intended
intervention

Domain 3 missing
data

Domain 4 outcome
measurement

Domain 5 selection
of results

Low risk 123 (25.3%) 246 (50.5%) 442 (90.8%) 403 (82.8%) 456 (93.6%) 242 (49.7%)
Some concern 120 (24.6%) 188 (38.6%) 29 (6.0%) 40 (8.2%) 23 (4.7%) 237 (48.7%)
High risk 244 (50.1%) 53 (10.9%) 16 (3.3%) 44 (9.0%) 8 (1.6%) 8 (1.6%)

Note: A trial may be high risk of bias overall if any single Domain is at high risk or if at least two Domains are some concerns.

require authors to publish a trial registration number, protocol and
statistical analysis plan. An explanation of deviations from the regis-
tration or protocol may further mitigate bias.

This study has several strengths and limitations. First, our study
benefited from dual, independent data extraction, which increases
the rigor of our findings and decreases the risk of bias. Second, we

investigated RCTs in 15 highly read addiction journals over a 7-year
timeframe, which increases the relevance to addiction care providers
and the generalizability of our study. However, our study is not
completely generalizable. We only included RCTs of drug, alcohol
and tobacco interventions, which may limit the external validity of
our findings to other fields of medicine. Third, by searching only
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Table 3. Risk of bias for all studies (n = 487), stratified by intervention modality

High risk Some concern Low risk

Medication (n = 158) 37 (23.4%) 30 (19.0%) 91 (57.6%)
Therapy∗ (n = 104) 32 (30.8%) 29 (27.9%) 43 (41.3%)
Intervention delivery system (n = 120) 30 (25.0%) 39 (32.5%) 51 (42.5%)
Behavioral modification (n = 44) 19 (43.2%) 15 (34.1%) 10 (22.7%)
Financial incentive (n = 30) 11 (36.7%) 8 (26.7%) 11 (36.7%)
Other∗∗ (n = 31) 10 (32.3%) 10 (32.3%) 11 (35.5%)

∗Included cognitive–behavioral or other interpersonal therapies
∗∗includes situational exposures, diagnostic strategies, brain stimulation and simulation exposures.

Table 4. Risk of bias for all studies (n = 487), stratified by substance

High risk Some concern Low risk

Drug (n = 126) 57 (45.2%) 32 (25.4%) 37 (29.4%)
Alcohol (n = 150) 80 (53.3%) 32 (21.3%) 38 (25.3%)
Tobacco (n = 158) 80 (50.6%) 43 (27.2%) 35 (22.2%)
Mixed (n = 53) 27 (50.9%) 13 (24.5%) 13 (24.5%)

Table 5. Risk of bias for all publicly funded studies (n = 386), stratified by intervention modality

High risk Some concern Low risk

Medication (n = 111) 40 (36.0%) 31 (27.9%) 40 (36.0%)
Behavioral modification (n = 36) 25 (69.4%) 4 (11.1%) 7 (19.4%)
Therapy (n = 86) 44 (51.2%) 23 (26.7%) 19 (22.1%)
Financial incentive (n = 30) 19 (63.3%) 8 (26.7%) 3 (10.0%)
Intervention delivery system (n = 99) 50 (50.5%) 25 (25.3%) 24 (24.2%)
Other (n = 24) 17 (70.8%) 4 (16.7%) 3 (12.5%)

addiction journals for RCTs, we have excluded any RCTs of addic-
tion interventions published in general medical journals. Therefore,
our study should not be generalized to studies outside the selected
journals.

In conclusion, most included drug, alcohol and tobacco addiction
RCTs, either had some concerns or high risk of bias. Key action
items to reduce bias in future addiction RCTs include adequate
randomization, blinding and inclusion of a trial registry number and
protocol.
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