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Abstract

Background—Aittrition is common in alcohol clinical trials and the resultant loss of data
represents an important methodological problem. In the absence of a simulation study, the
drinking outcomes among those who are lost to follow-up are not known. Individuals who drop
out of treatment and continue to provide drinking data, however, may be a reasonable proxy group
for making inferences about the drinking outcomes of those lost to follow-up.

Methods—We used data from the COMBINE study, a multisite, randomized clinical trial, to
examine drinking during the four months of treatment among individuals who dropped out of
treatment but continued to provide drinking data (i.e., “treatment dropouts;” n=185). First, we
estimated the observed treatment effect size for naltrexone versus placebo in a sample that
included both treatment completers (n=961) and treatment dropouts (n=185; total N=1146), as
well as the observed treatment effect size among just those who dropped out of treatment (n=185).
In both the total sample (N=1146) and the dropout sample (n=185), we then deleted the drinking
data after treatment dropout from those 185 individuals to simulate missing data. Using the deleted
datasets we then estimated the effect of naltrexone on the continuous outcome percent heavy
drinking days using six methods to handle missing data (last observation carried forward, baseline
observation carried forward, placebo mean imputation, missing=heavy drinking days, multiple
imputation (MI), and full information maximum likelihood (FIML)).
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Results—MI and FIML produced effect size estimates that were most similar to the true effects
observed in the full data set in all analyses, while missing=heavy drinking days performed the

worst.

Conclusions—Although missing drinking data should be avoided whenever possible, Ml and
FIML yield the best estimates of the treatment effect for a continuous outcome measure of heavy
drinking when there is dropout in an alcohol clinical trial.
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Introduction

Participant dropout (i.e., attrition or loss to follow-up) from alcohol clinical trials is
problematic on multiple levels. From a research perspective, the loss of participants due to
attrition reduces the sample size, with a corresponding reduction of statistical power to
detect effects of treatment, leading to biased estimates of the treatment effect (Roy et al.,
2007), particularly when there is differential dropout rates across treatment groups.
Clinically, treatment dropout is often attributed to client factors, such as medication side
effects or limited motivation to change, although poor therapeutic alliance and program
demands have also been reflected in the clinician's perspective on treatment dropout (Palmer
et al., 2009). From a regulatory perspective, it is critical to understand how and why
treatment dropout may impact the ultimate treatment efficacy (National Research Council,
2010). Intent-to-treat (ITT) analyses, often considered the gold standard for clinical trials,
require that patients assigned to a specific treatment be included in the analysis of that
assigned treatment, regardless of their adherence to treatment. Yet missing data can
undermine the certainty of effect sizes in ITT and researchers are encouraged to use multiple
approaches to estimate effects in ITT when missing data are an issue (Nich & Carroll, 2002).

Prior studies have identified several important predictors of attrition from clinical trials, as
well as alcohol treatment dropout. Demographic factors that may be related to attrition and
treatment dropout include membership in a minority group, unemployment, younger age,
and male gender (see Palmer et al., 2009 for a review). Client factors, such as lower
motivation to change, lower severity of problems, mental health comorbidity, and poor
social support have all been shown to predict higher rates of attrition and treatment dropout
(Elbreder et al., 2011; McKeller et al., 2006; Palmer et al., 2009; Tull and Gratz, 2012).
Program factors, such as more controlling environments and greater barriers to treatment
engagement have been shown to predict treatment dropout (McKellar et al., 2006; Palmer et
al., 2009). In pharmacotherapy studies, within-treatment factors such as lack of benefit and
adverse events have been associated with early non-adherence to treatment (Gueorguieva et
al., 2013).

Methods to Analyze Data among Treatment Dropouts

Guidelines for handling missing data in clinical trials from the National Research Council
(2010) are supported by nearly 40 years of research on the mechanisms and handling of
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missing data in psychological and medical research (Little and Rubin, 2002; Rubin, 1976).
In the guidelines it is recommended that researchers emphasize reducing the occurrence of
missing data and when missing data occurs that modern statistical methods for dealing with
missing data be employed (e.g., full information maximum likelihood and multiple
imputation approaches). In a recent simulation study, we compared the performance of
various missing data methods for handling missing data in an alcohol clinical trial that
included pharmacotherapy and behavioral intervention using a common outcome measure,
percent heavy drinking days (PHDD; Hallgren and Witkiewitz, 2013). We found that full
information maximum likelihood estimation and multiple imputation methods produced the
least biased estimates of effect sizes in simulated data, while complete cases analysis (i.e.,
listwise deletion) and single imputation approaches (e.g., last observation carried forward
and the worst-case scenario of assuming missing as reflecting heavy drinking) produced
biased estimates of effect sizes in nearly all simulation conditions. These findings were
consistent with those from studies utilizing simulated and real-world data from treatment
studies of other addictive drugs which also found maximum likelihood and multiple
imputation to be superior methods for handling missing data (e.g., Barnes et al., 2010;
Hedden et al., 2009; Hedeker et al., 2007).

Briefly, full information maximum likelihood estimation and multiple imputation methods
both rely on iterative procedures to obtain parameter estimates using all available data. In
multiple imputation, several datasets are estimated with each dataset containing a single
plausible value for the missing data values based on a prediction equation that utilize mean
and covariance structures of the available data (e.g., where each value is estimated using a
regression-based imputation procedure). Each imputed dataset incorporates random error
variance into the imputed values, then the analysis of interest is performed on each dataset
and the results are pooled to yield estimates and standard errors of treatment effects. In full
information maximum likelihood, the mean and covariance structures for all available data
are analyzed using an expectation maximization algorithm to identify parameter estimates
that maximize the model fit with the observed data (i.e., minimizing the distance between
the observed and predicted data). In other words, data are not imputed or generated, rather
the fit of an estimated model is maximized to reproduce the observed data based on all data
that are available. With both methods, individuals who are missing some data can still be
included in analyses.

Our prior work, using simulated dropout from real-world clinical trial data, found that full
information maximum likelihood estimation and multiple imputation best approximated the
true effect sizes and that other methods yielded substantial bias under varying conditions of
dropout (e.g., different dropout rates between treatment conditions, dropout completely
random vs. stratified by baseline or follow-up heavy drinking). However, these findings
were based on a dataset that included only treatment completers and the missing data were
“simulated” to be missing under varying conditions (e.g., differential dropout rates, different
missing data mechanisms). Thus, the degree to which each method produces biased results
among participants who actually drop out of treatment remains unknown. Although what
happens to individuals who do not complete the research assessments cannot be known with
certainty, we hypothesized that those who dropped out of treatment and continue to report
their drinking data through the end of the study may be a reasonable proxy for those who are
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lost to follow-up. More importantly, the treatment dropouts are a clear proxy for individuals
in clinical trials who drop out of treatment and who would have completed assessments, if
they were followed after dropping out.

The goal of the current study was to examine the performance of these missing data methods
to analyze the effect of naltrexone among “treatment dropouts,” defined as individuals who
completed the research assessments, but dropped out of treatment (i.e., discontinued
medication and stopped attending therapy sessions), within a randomized trial for alcohol
dependence. Specifically, we took advantage of the research design of the COMBINE study
(Anton et al., 2006), in which treatment dropouts were followed and invited to complete all
drinking research assessments through the end of the four-month treatment period, to
examine the effects of missing data among the treatment dropouts.

We started by using the observed data from treatment completers and treatment dropouts,
then, among individuals who dropped out of treatment, we manually deleted (i.e., set to
missing) their drinking data for all time points after they dropped out. We then applied
various missing data methods to estimate effect of naltrexone treatment and compared these
estimates to the treatment effect observed in the actual data. To maximize the sample size of
the treatment dropouts available for analyses, we utilized data from all individuals who were
randomized to receive naltrexone and compared them against all those randomized to
receive placebo naltrexone, irrespective of whether they received only medical management
or a more intensive behavioral intervention (see below).

Materials and Methods

Participants and Measures

The data for this study are from the COMBINE study (COMBINE Study Research Group,
2003), a multi-site, randomized clinical trial for the treatment of alcohol dependence. A total
of 1383 alcohol dependent subjects across 11 research sites were randomized into nine
treatment groups that received a combination of medications, medical management (MM),
and/or a Combined Behavioral Intervention (CBI): Naltrexone + Acamprosate Placebo +
MM; Acamprosate + Naltrexone Placebo + MM; Naltrexone + Acamprosate + MM,;
Acamprosate Placebo + Naltrexone Placebo + MM; Naltrexone + Acamprosate Placebo +
CBI; Acamprosate + Naltrexone Placebo + CBI; Naltrexone + Acamprosate + CBI;
Acamprosate Placebo + Naltrexone Placebo + CBI; and CBI-only.

Of the total sample (N = 1383), we excluded CBI-only participants (n = 157) and all
participants who were lost to follow-up (i.e., dropped out of treatment and did not complete
research assessments; n = 24); resulting in a sample size of 1202 individuals who received
medication and either completed treatment and provided some drinking data during
treatment (n = 968) or dropped out of treatment and provided some drinking data during
treatment (n = 234). The CBI-only participants were excluded because they did not receive
naltrexone or placebo naltrexone, which was the main independent variable for the analyses
described below. Of this sample, 4.7% (56 out of 1202) had some missing drinking data
during treatment, with 1% of drinking data missing among treatment completers (7 out of
968) and 20.9% of drinking data missing among treatment dropouts (49 out of 234). Thus,
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participants who dropped out of treatment and completed some assessments were
significantly more likely to have missing data than those who completed treatment (x2 (1) =
173.40, p < 0.001). Individuals with some missing drinking data in both groups (n=56; 7
treatment completers and 49 treatment dropouts) were excluded from the remainder of the
analyses, leaving 1146 individuals for analysis.

Individuals with some missing data were deleted from subsequent analyses because we
wanted to start the analyses with those individuals who had complete drinking data.
Importantly, all analyses were conducted with and without these 56 individuals included and
the results were consistent regardless of including or not including those individuals with
some missing data. The results reported below are based on the sample with complete data
(n=1146).

Treatment Completer and Dropout Sample—The “Treatment Completer and
Dropout” sample (n = 1146) included individuals in the medication/placebo conditions who
completed all research assessments and either completed all four months of treatment
(n=961) or dropped out of treatment (n = 185) but provided drinking data. As shown in
Table 1, approximately 31% were female, 23.2% were ethnic minorities (76.8% Non-
Hispanic White, 11.1% Hispanic, 8.2% African American, 1.4% identified as “multi-racial,”
1.3% American Indian or Alaska Native, 0.2% Asian American or Pacific Islander, and
1.0% “other”), 94.1% had at least 12 years of education, 42.4% were married and the
average age was 44.6 (SD = 10.3).

Treatment Dropout Sample—The “Treatment Dropout” sample included the individuals
in the medication/placebo conditions who completed all research assessments and provided
drinking data through the end of the 16 week trial but also dropped out of treatment (i.e.,
stopped medications and counseling; n = 185). Of this sample, 43 (23.2%) dropped out
during the first month of treatment, 64 (34.6%) dropped out during the second month of
treatment, 32 (17.3%) dropped out during the third month of treatment, and 46 (24.9%)
dropped out during the fourth/last month of treatment.

As seen in Table 1, individuals who dropped out of treatment and completed assessments
were significantly younger (t (1146) = 4.91, p < 0.001), more likely to be American Indian
or Alaska Native (2 (1) = 6.39, p = 0.01), Hispanic (32 (1) = 10.22, p = 0.001), less likely to
be African American (x2 (1) = 4.41, p = 0.04), be married (32 (1) = 6.30, p = 0.01), or to
complete 12 years of education (x2 (1) = 7.43, p = 0.006) compared to those who completed
treatment. This is consistent with demographic variables that commonly predict attrition
from follow-up assessments in other clinical trials (Palmer et al., 1999). Differences between
samples at baseline were also observed for alcohol dependence severity: Individuals who
dropped out of treatment and completed research assessments had significantly higher scores
on the Alcohol Dependence Scale (ADS; Skinner & Horn, 1984) than those who completed
treatment (t (1146) = -2.48, p = 0.01), but the groups did not differ on salient drinking
measures (e.g., PHDD) at baseline.

Lost to Follow-Up Sample—The “Lost to Follow-Up” sample included individuals in
the medication/placebo conditions who dropped out of treatment and did not complete
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research assessments (n = 24) during the four months of treatment. This sample was not
included in any of the analyses, but is included in Table 1 to provide comparisons with the
Treatment Completer and Treatment Dropout samples. Compared to the Treatment Dropout
sample, individuals in the Lost to Follow-up sample were significantly younger (t (207) =
2.42, p = 0.021), but did not differ on any of the other demographic variables, alcohol
dependence severity (as measured by the ADS), or baseline PHDD.

Drinking Outcome—The primary outcome of interest was PHDD, because it combines
both the frequency and intensity of drinking and is thus a commonly used measure in
modern alcohol clinical trials (e.g., Fertig et al., 2012; Litten et al., 2013). The Form-90
interview (Miller and Del Boca, 1994) was used to calculate PHDD with a heavy drinking
day defined as 4 or more drinks in a day for women and 5 or more drinks in a day for men.
PHDD was derived for the prior 30 days at each assessment point (i.e., at the end of months
1, 2, 3, and 4 during treatment). For the independent variable, subjects receiving naltrexone
(with acamprosate or acamprosate placebo) were coded as 1 (Treatment Completer and
Dropout sample: n = 572; Treatment Dropout sample: n = 97) and those receiving
naltrexone placebo (with acamprosate or acamprosate placebo) were coded as 0 (Treatment
Completer and Dropout sample: n = 574; Treatment Dropout sample: n = 88).

Data Analysis

Data were analyzed using general linear mixed models with naltrexone as a predictor of
PHDD across all four months of treatment as the outcome of interest using Mplus version
7.11 (Muthén & Muthén, 2012). To examine the effects of treatment dropout over the course
of treatment, we first created two complete datasets: “Treatment Completers and Dropouts —
Complete,” which included the 1146 individuals who completed all drinking assessments
and either completed treatment (n = 961) or dropped out of treatment (n = 185); and
“Treatment Dropouts Only — Complete,” which included the 185 individuals who dropped
out of treatment but completed all of the drinking assessments. Mixed models provided
estimates of the fixed effects of treatment (naltrexone versus placebo naltrexone) and
random effects of time (months during treatment). We then degraded these datasets by
setting the drinking data to be missing after the point of treatment dropout (i.e., we manually
deleted the drinking data from subjects who dropped out of treatment after the point of
treatment dropout to simulate missing data as if they were completely lost to follow-up
which might occur in a clinical trial). Thus, we created two degraded datasets: “Treatment
Completers and Dropouts — Deleted,” which included the drinking assessments of
individuals who completed treatment (n = 961) and those who dropped out of treatment (n
=185), but drinking data were deleted (set to missing) after the point of treatment dropout
among those who dropped out; and “Treatment Dropouts Only — Deleted,” which included
only the available data from subjects who dropped out of treatment (n =185) with drinking
data deleted (set to missing) after the point of treatment dropout.

Missing data methods—The mixed model results from “Treatment Completers and
Dropout - Complete” and “Treatment Dropout Only - Complete” datasets reflected the
“true” effects of naltrexone in the observed data. For the “Treatment Completers and

Dropout -Deleted” and “Treatment Dropout Only — Deleted” datasets we estimated the
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effect of naltrexone using six different methods for handling missing data: last observation
carried forward (LOCF), baseline observation carried forward (BOCF), placebo mean
imputation (PMI), missing=heavy drinking, multiple imputation (MI), and full information
maximum likelihood (FIML). For the LOCF analyses, the PHDD from the time point prior
to treatment dropout (e.g., the last month of drinking data available) was carried forward to
replace the missing values after treatment dropout. For the BOCF analyses, the PHDD from
baseline was carried forward to replace the missing values after treatment dropout. For the
PMI analyses, the average PHDD for the placebo group (across the treatment period) was
imputed as the PHDD for each missing value after treatment dropout. For the
missing=heavy drinking analyses, subjects were assumed to be heavy drinking on every day
after treatment dropout, thus PHDD=100% was imputed for each month after treatment
dropout. For the MI condition, we created 50 different imputed datasets and then combined
them using a pooled estimate of the treatment effect. For the FIML analyses, the variance-
covariance matrix for all available data was analyzed. For both MI and FIML, “auxiliary
variables” can be included to increase the precision of the estimated parameters (see details
in Hallgren & Witkiewitz, 2013). In the current study we included alcohol dependence
severity (as measured by the ADS; Skinner & Horn, 1984) and age as auxiliary variables.
These variables were selected because they were included in our prior simulation study of
missing data methods in alcohol clinical trials (Hallgren & Witkiewitz, 2013) and because
they were associated with missingness.

Based on the observed data from the full sample, individuals who dropped out of
treatment, including Treatment Dropouts and those Lost to Follow-Up (provided for
comparison purposes only) generally engaged in more frequent heavy drinking during each
month compared to those who continued in treatment (Table 2). Subjects who were assigned
to placebo naltrexone and dropped out of treatment engaged in the most frequent heavy
drinking. Surprisingly, the effect size (Cohen's d) of naltrexone was larger in subjects who
dropped out of treatment than those who continued in treatment.

Treatment Completer and Dropout Sample (n = 1146)

The observed effect of naltrexone on PHDD in the sample composed of subjects who
completed and dropped out of treatment (Treatment Completer and Dropout - Complete),
which represents the mean difference in PHDD for the naltrexone condition compared to the
placebo-naltrexone condition (with negative values favoring naltrexone), was statistically
significant (B (SE) = -3.37 (1.34), p = 0.01; Cohen's d =-0.16) (Table 3). We then deleted
the data (i.e., set the data to be missing) from those who dropped out (n = 185) of treatment
after the time of dropout (Treatment Completer and Dropout - Deleted) and re-estimated the
effect of naltrexone during treatment using the six missing data analysis strategies described
above within the context of a mixed effects model. The FIML and MI approaches most
closely approximated the true effect observed in the full sample, although both approaches
slightly underestimated the standard error and yielded slightly larger Cohen's d effect sizes.
The PMI approach was next closest to the true effect, but also underestimated the standard
error and yielded a larger Cohen's d effect size. Cohen's d effect sizes were greatly
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underestimated using LOCF, BOCF, and missing=heavy drinking, with missing=heavy
drinking having the most biased treatment effect estimate and standard error. The standard
error for LOCF was nearest to the true standard error, while the BOCF and missing=heavy
drinking over-estimated the standard error.

Figure 1 graphically depicts the unstandardized estimate (with error bars representing + 1
standard error) of the actual treatment effect among the Treatment Completers and Dropouts
-Complete dataset (i.e., “Actual Effect”) compared to the treatment effects among the
“Deleted Group” (i.e., treatment dropouts with drinking data set to missing) using the
various approaches for handling missing data. As already noted, the estimates for FIML, Ml
and PMI came closest to the actual treatment effect estimate (shown by the horizontal
dashed line) and the standard error intervals for the BOCF and LOCF models contain the
actual treatment effect estimate. Notably the missing=heavy drinking estimate standard error
interval does not contain the actual treatment effect estimate.

Treatment Dropout Sample (n = 185)

As seen in Table 4, the observed effect (unstandardized regression estimate) of naltrexone
on PHDD in the Treatment Dropout Only sample composed of subjects who dropped out of
treatment (Treatment Dropout Only - Complete) was larger than the effect of naltrexone in
the full sample, however the standard error was also larger and the overall treatment effect
was not statistically significant (B (SE) = -8.89 (4.64), p = 0.06; Cohen's d = - 0.29). We
then deleted the data from those who dropped out of treatment after the time of dropout
(Treatment Dropouts Only - Deleted) and re-estimated the effect of naltrexone on PHDD
during treatment using the six missing data analysis strategies described above within the
context of a mixed effects model. The FIML and MI approach most closely approximated
the true effect (unstandardized regression estimate) observed in the full dropouts only
sample, although both approaches slightly underestimated the standard error leading to a
larger Cohen's d effect size in these missing data conditions. All other missing data
approaches except PMI greatly underestimated the true effect (unstandardized regression
estimate), with missing=heavy drinking performing the worst. The standard errors for
BOCF, PMI, and missing=heavy drinking were underestimated, while the standard error was
over-estimated for the LOCF model. The standard error using the PMI approach was
particularly underestimated, which resulted in the largest Cohen's d effect size.

Figure 2 graphically depicts the unstandardized estimate (with error bars representing + 1
standard error) of the actual treatment effect among the Treatment Dropouts Only -
Complete data (i.e., “Actual Effect”) compared to the treatment effects among the “Deleted
Group” (i.e., treatment dropouts with drinking data set to missing) using the various
approaches for handling missing data. For the Treatment Dropouts Only sample, only FIML
and M1 contain the estimate of the true effect within one standard error of the estimate for
those models. The true effect does not exist within the standard error of the estimate for the
alternative missing data approaches.
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Discussion

Treatment dropout is a considerable problem in alcohol clinical trials. Methods for handling
missing data in the context of treatment dropout have been thoroughly evaluated in
simulation studies (e.g., Hallgren and Witkiewitz, 2013), yet we are not aware of any studies
that have examined the missing data effect of treatment dropout utilizing subjects who
completed the research assessments after treatment dropout in an alcohol clinical trial. In the
current study, we were able to examine the effect of different missing data methods in
estimating the treatment effect among those who discontinued treatment by first estimating
the observed effects of treatment among those who dropped out of treatment but who
continued to participate in the research. We used six different methods to examine the effect
of treatment on a commonly used continuous outcome, percent heavy drinking days, after
manually deleting the data (set the data to be missing) for individuals who dropped out of
treatment but continued to provide research data. Consistent with prior studies (Barnes et al.,
2010; Hallgren and Witkiewitz, 2013; Hedden et al., 2009; Hedeker et al., 2007) and the
recommendations of the National Research Council (2010), the results for the percent heavy
drinking days outcome indicated that full information maximum likelihood (FIML) and
multiple imputation (MI) methods most often produced estimates that were closest to the
true observed estimates for individuals who dropped out of treatment but had all drinking
data reported though the end of the study. Baseline observation carried forward (BOCF), last
observation carried forward (LOCF), and missing=heavy drinking all underestimated the
effect of treatment in the current analyses, while placebo mean imputation (PMI)
overestimated the effect of treatment.

Both FIML and MI methods yielded estimates that were closer to the true effect for two
sample sizes, the Treatment Completer and Dropout sample (n = 1146) and a reduced
Treatment Dropout Only sample (n =185; including only treatment dropouts). Our prior
simulation study (Hallgren & Witkiewitz, 2013) also found that the MI and FIML methods
produced less biased estimates of alcohol treatment outcomes regardless of sample size and
that a larger sample size does not protect against bias when using single imputation methods
(e.g., LOCF; missing = heavy drinking). Importantly, we found both in the current study and
in our prior work (Hallgren & Witkiewitz, 2013) that MI and FIML produced similar
standard errors and seemed to perform equally well in recovering the truth, which is
inconsistent with prior studies that have found MI to produce biased estimates when
distributional assumptions are violated, particularly for smaller sample sizes (Demirtas et al.,
2008; Yuan et al., 2012).

Although many previous studies have similarly shown Ml and FIML to produce greater
accuracy than the alternative methods tested here, a limitation of those studies is that they
have typically used simulated data or real-world treatment data from individuals who have
completed treatment, which may not account for the nuances or differences in outcomes that
would be observed among participants who actually stop completing follow-up assessments
or who drop out of treatment in clinical trials. Although it would be impossible to know the
drinking outcomes of individuals who stopped providing follow-up assessment data in the
COMBINE study, the drinking outcomes for those who stopped participating in treatment
but contributed follow-up drinking data represented a group of participants that were likely
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to more closely approximate the individuals who drop out from alcohol clinical trials
completely (i.e., drop out of treatment and stop providing follow-up data). While not the
primary focus of this analysis, we did observe that certain pre-study variables influenced the
chance of dropping out or being lost to follow-up that reflected the characteristics of
individuals who are less likely to provide follow-up data in other alcohol clinical trials
(Palmer et al., 2009). Those who dropped out were more likely to be Alaska Native or
Hispanic, not married, less educated, and have a more severe alcohol problem. This is not
unexpected since social stability and having economic and social resources are more likely
to provide support for study participation. However, the baseline frequency of heavy
drinking days itself did not differ in treatment completers or dropoults.

Limitations and Conclusions

The current study was unique in its focus on treatment dropouts; however, these individuals
completed the research assessments and thus did not drop out completely from the alcohol
clinical trial The number of individuals who were “lost to follow-up,” dropped out of
treatment, and did not provide drinking data (i.e., research dropouts) from the COMBINE
study was too small (n = 24) to conduct analyses, especially considering that most of the
research dropout occurred in the first month, thus they provided very little data to estimate
the effects of treatment in a mixed modeling framework. The lack of data in this group is
expected (they were lost to follow-up) and also unfortunate because researchers may be
most interested in examining the missing data methods among research dropouts who are
lost to follow-up. Nonetheless, the treatment dropout group (which consisted of individuals
who dropped out of treatment and provided complete drinking data) is our best proxy for the
research dropout group (who were lost to follow-up). We did not find significant differences
between the two groups of dropouts (treatment dropouts who provide complete data and
research dropouts who provide no follow-up data) on demographic measures, other than age,
and no differences existed on measures of alcohol dependence severity or PHDD at baseline.

In cases of research dropout it is impossible to know the individuals' reasons for dropout or
their drinking behavior after they drop out. However, the results from the current study show
that the treatment dropouts were drinking heavily on more days than the treatment
completers, so by extrapolation, it may be that the research dropouts may have even worse
outcomes. Yet it is important to note that this is an untestable assumption and automatically
assuming research dropouts are treatment failures has been discouraged (Arndt, 2009).

Although the current study assessed six missing data methods, other approaches exist and
may be of equal value. For example, pattern mixture models and weighted estimating
equations have been recommended for use with missing data in clinical trials (National
Research Council, 2010) and could have performed better than the methods used in the
current study. We chose the six methods based on our observation that they are commonly
used in applied research (Del Re et al., 2013). One of most commonly applied missing data
approaches, assuming that missing days=heavy drinking days (i.e., the worst case scenario),
performed the worst in the current study using percent heavy drinking days as an outcome
and was also the most biased of all of the missing data approaches in our prior simulation
study that used the same outcome (Hallgren and Witkiewitz, 2013). Importantly the current
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study (and our prior simulation study) focused solely on PHDD as a continuous outcome
and it is unclear how the different missing data approaches will perform with a binary
outcome (e.g., percent subjects with no heavy drinking days, Falk et al., 2010) and how the
missing data approaches will perform with alternative continuous and binary outcomes (e.g.,
percent days abstinent, any drinking). However other research has consistently found similar
problems with assuming missing = heavy drinking or last observation carried forward for
binary outcomes in other contexts (Barnes et al., 2010; Hedeker et al., 2007)

The COMBINE Study included substantial efforts to minimize missing drinking data, even
among those who dropped out of treatment (Anton et al., 2005, 2006) and differs from most
alcohol clinical trials, in which participant attrition is more common and a greater amount of
missing drinking data is encountered. Reported here and elsewhere, there are several
methods for handling data that inevitably are missing and need to be accounted for in
outcome analyses. Importantly, the FIML and MI methods are increasingly available in
many popular software programs. While minimizing missing drinking data should be a
primary objective in alcohol clinical trials, consistent with many prior reports (Little et al.,
2012; Mallinckrodt et al., 2008; Schafer & Graham, 2002), we strongly urge researchers to
consider implementing the missing data techniques found most effective in this report in
analyses of treatment effects in alcohol clinical trials. Further, we encourage journal
reviewers and editors to insist on the use of proper statistical techniques for handling
missing data and to avoid publication of manuscripts that use inferior methods, including the
single imputation methods discussed in this paper.
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Figure 1.

Estimates from the mixed model of percent heavy drinking days in treatment completers and
treatment dropouts (“Actual Effect” among Completers and Dropouts — Complete; n = 1146;
solid line) and for the data from the treatment dropouts where post dropout drinking data
was set to missing (“Deleted Group” Completers and Dropouts — Deleted; dashed-dotted
line) using missing data methods (standard error bars based on the data in Table 3). The
dashed horizontal line represents “true” (i.e., “actual effect”) placebo-naltrexone difference
based on the Treatment Completers and Dropouts — Complete sample.
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Figure 2.

Estimates from mixed model of percent heavy drinking days among treatment dropouts
(“Actual Effect” among Treatment Dropouts Only — Complete; n = 185; solid line) and for
the data from the treatment dropouts where post dropout drinking data was set to missing
(“Deleted Group” Treatment Dropouts Only — Deleted; dashed-dotted line) using missing
data methods (standard error bars based on the data in Table 4). The dashed horizontal line
represents “true” (i.e., “actual effect”) placebo-naltrexone difference based on the Treatment
Completers and Dropouts — Complete sample.
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