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Abstract

Background.—The Food and Drug Administration recently added a new clinical endpoint for 

evaluating the efficacy of alcohol use disorder (AUD) treatment that is more inclusive of treatment 

goals besides abstinence: no heavy drinking days (NHDD). However, numerous critiques have 

been noted for such binary models of treatment outcome. Further, there is mounting evidence that 

participants inaccurately estimate the quantities of alcohol they consume during drinking episodes 

(i.e., drink size misestimation), which may be particularly problematic when using a binary 

criterion (NHDD) compared to a similar, continuous alternative outcome variable: percent heavy 

drinking days (PHDD). Yet, the impact of drinking misestimation on binary (e.g., NHDD) versus 

continuous outcome variables (e.g., PHDD) has not been studied.

Objectives.—Using simulation methods, the present study examined the potential impact of 

drink size misestimation on NHDD and PHDD.

Methods.—Data simulations were based on previously published findings of the amount of error 

in how much alcohol is actually poured when estimating standard drinks. We started with self-

reported daily drinking data from COMBINE study participants with complete data (N = 888; 

68.1% male), then simulated inaccuracy in those estimations based on literature on standard drink 

size misestimation.

Results.—Clinical trial effect sizes were consistently lower for NHDD than for PHDD. Drink 

size misestimation further lowered effect sizes for NHDD and PHDD.

Conclusions.—Drink size misestimation may lead to inaccurate conclusions about drinking 

outcomes and the comparative effectiveness of AUD treatments, including inflated type-II error 

rates, particularly when treatment “success” is defined by binary outcomes such as NHDD.
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Introduction

The Food and Drug Administration recently approved using the percentage of subjects with 

no heavy drinking days (NHDD) (i.e., no days with more than 3 or 4 standard drinks for 

women and men, respectively (1)), as a new endpoint for evaluating the efficacy of alcohol 

use disorder (AUD) medications. This approval marks an important shift away from 

abstinence as the only marker of success and towards accepting non-abstinence outcomes. 

However, there are numerous critiques of binary treatment outcomes, including the potential 

to create false dichotomies between “successes” and “failures” (2).

Dichotomizing continuous variables also has numerous statistical consequences (3–5), 

including the obscuring of individual differences, loss of reliability, reduced effect sizes, and 

loss of power. Researchers have cautioned against collapsing continuous drinking data (e.g., 

percentage of heavy drinking days; PHDD) into more coarse categories (6,7), noting 

potentially reduced effect sizes, which may be particularly detrimental for AUD clinical 

trials that often yield relatively small effect sizes (8,9). There is ample statistical evidence to 

conclude that dichotomizing continuous outcomes has a detrimental impact on effect size 

estimation; however, we do not know how much of a detriment this creates specifically when 

the continuous PHDD variable is dichotomized into NHDD.

The detrimental effects of collapsing continuous PHDD values into a binary NHDD 

outcome may be further impacted by participants’ drink size misestimation. Drinking 

measures assume accurate “standard drink” size reporting by research participants – i.e., one 

“standard drink” containing exactly 14g of pure ethanol (http://www.niaaa.nih.gov/alcohol-

health/overview-alcohol-consumption/standard-drink). However, participants have 

inconsistent conceptualizations of standard drink sizes, and typically inaccurately estimate 

their own drinking (10,11,12,13; see Table 1). There is mounting evidence that participants 

are unaware of standard drink definitions, that federal definitions of a “standard drink” are 

inconsistent with participants’ own definitions of one drink, and that participants 

inaccurately estimate their drinking (10,11,12,13,14,15; see Table 1). These findings that 

participants misestimate their drink size have been consistent across cultures and across 

populations with varying levels of experience and training both consuming and pouring 

(e.g., bartenders) alcoholic beverages (10,11,12,13,14; see Table 1). Gender, drink type (e.g., 

wine, beer, spirits), and glass sizes are additional factors that further influence the amount of 

misestimation (13,14); however, across scenarios, participants typically underestimate 

(rather than overestimate) the number of drinks they consume.

With FDA approval for NHDD as a primary endpoint of AUD treatment trials, it is critical to 

understand how much drink size misestimation may impact clinical trial conclusions. Yet, no 

prior studies have examined the impact of drink size misestimation on NHDD or alternative 

non-abstinence endpoints. The current study compares the impact of drink size 
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misestimation on binary NHDD and continuous PHDD treatment outcomes using a 

simulation study that was informed by real data.

Methods

Participants

Self-reported daily drinking data were obtained from the first 90-day follow-up assessment 

in the COMBINE study (N = 1383; 16), including baseline and 90-day follow-up assessment 

data. Full sample data were examined for descriptive statistics. The COMBINE study was a 

multisite randomized clinical trial for participants meeting criteria for alcohol dependence 

(17). Treatments included combinations of medications (naltrexone, acamprosate, or 

placebo) and behavioral treatments (Medication Management or Combined Behavioral 

Intervention). Previous literature (16) found the largest changes in abstinence were for the 

naltrexone versus placebo sub-sample; therefore, these were the conditions compared when 

studying effect sizes in the present study. All treatments lasted 16-weeks; follow-up data 

were collected up to 12-months after treatment. See previous publications for description of 

IRB and ethics committee approval procedures (16).

Drinking data collection

The COMBINE study used a rigorous methodology for accurately collecting drinking data. 

Trained research assistants administered the Form 90, a calendar-based method that asks 

participants about their drinking in the 90 days preceding the assessment (18). Memory cues 

were used to facilitate accurate recollection and visual aids of drink containers were 

provided with active probing about drink sizes in effort to obtain accurate drink size 

estimates. Research assistants collected data on brands and types of beverages and computed 

the number of standard drinks rather than relying on participant calculations. The 

COMBINE study also used biochemical verification for participant drinking using % 

Carbohydrate Deficient Transferrin (%CDT; 16). For the purposes of our simulation, we 

considered the methodology used in the COMBINE study to be the gold standard method 

for accurately assessing drinking quantities in alcohol clinical trials. We therefore used a 

simulation design with the COMBINE data reflecting the “true” amount of alcohol 

consumption, which we then degraded by incorporating increasing levels of drink size 

misestimation.

Simulation design

Drink size misestimation parameters used in the simulation were based on research 

examining how much participants poured in drink containers versus how much they reported 

having poured (see Table 1; 11, 14, 19,20,21,22), which shows that participants usually 

underestimate the amount of alcohol poured. Because country, sample, and study 

methodology varied across studies that were reviewed (10,11,12,13,14; 18,19,20,21) and the 

amount of misestimation often varied by gender, glass size, and type of alcohol, we tested 

multiple degrees of drink size misestimation in the present simulation. The mean number of 

grams of alcohol poured (and average across-study standard deviations) from these studies 

were used to simulate distributions of drinking misestimation randomly sampled from 

gamma distributions to account for the positive skew that is typically observed in these 
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studies (for formula see: 23, p. 238). Studies were derived from a literature search for 

empirical research articles examining “standard drinks” and “drink size” estimation 

methodology. Values used in the present simulation models were derived from the overall 

average misestimation in each study, which was converted into a common metric (grams of 

ethyl alcohol) and calculated in terms of the proportion relative to the study’s country’s 

standard drink definition (e.g., 8g alcohol in the UK, 14g if the study was in the US). Six 

modal levels of drink size misestimation were simulated: 1.0, 1.2, 1.4. 1.6,1.8 and 2.0, which 

corresponded to standard drink size misestimation means of 1.24, 1.41, 1.59, 1.77, 1.95 and 

2.14. These six modes were chosen to represent the variability of mean drink size 

misestimation represented in the literature (Table 1) that corresponds to simulating gamma 

distributions (which uses modes). A constant SD of 0.55 was used on all conditions to test 

how much of an effect varying levels of drink misestimation has on effect sizes while 

holding the amount of variability in misestimation between participants constant. Each of 

the six models had the following shape and rate parameters, respectively: 2.11, 4.11; 6.61, 

4.67; 8.36, 5.26; 10.37, 5.85; 12.63, 6.46; 15.16, 7.08. For each condition of the simulation, 

10,000 simulations were completed.

Drink misestimation coefficients were randomly drawn from a gamma distribution for each 

participant who had complete drinking data in the 90-day windows prior to baseline and 

post-treatment (N = 888; i.e., participants with missing data within the baseline or post-

treatment assessment windows were excluded to minimize the impact of missing data on the 

simulation tested here). These drink misestimation coefficients reflected the number of 

standard drinks participants would be expected to pour in a free pour task based on previous 

research (reported in Table 1). For example, a mean coefficient of 1.25 would indicate that a 

participant poured 1.25 standard drinks when asked to pour 1 standard drink. Simulated 

misestimation of daily drinking was then computed by dividing the “true” number of 

standard drinks by the drink misestimation coefficient. For example, if a participant reported 

10 standard drinks as their “true” alcohol consumption level in the COMBINE study, a drink 

misestimation coefficient of 1.25 would indicate that this participant would have reported 
consuming 8 standard drinks due to a drink size misestimation under less rigorous 

methodological conditions than the COMBINE study (e.g., simply asking a participant how 

many drinks they have consumed). By dividing the number of standard drinks in COMBINE 

by the drink misestimation coefficient, the present study simulates the underestimation of 

“true” standard drink consumption; stated differently, what would have been reported had 

the study used less rigorous methods of collecting drinking data given the tendency for 

participants to underestimate the number of standard drinks they consume.

PHDD and NHDD outcome variables were then derived for each simulated dataset; both 

PHDD and NHDD used gender-specific definitions for heavy drinking (24). Effect sizes 

comparing naltrexone versus placebo were computed for these simulated (misestimated) 

PHDD and NHDD values using Cohen’s d and Cohen’s h, for continuous and binary 

variables, respectively (25). We then averaged across simulations within each of the six 

conditions. Previous research has compared Cohen’s d values to those of Cohen’s h to 

examine the different effect sizes generated by using PHDD versus the percentage of 
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participants with NHDD (26). Simulations and analyses were conducted in R version 3.3 

(27).

Results

Table 2 and Figures 1–2 show mean values of PHDD and NHDD for the original and 

simulated drinking data. Observed PHDD was 61.6% at baseline and 18.2% at post-

treatment. Simulations with increasing misestimation in standard drink reporting reduced 

PHDD values to 52.6–30.3% at baseline and 15.5–7.0% at post-treatment. The original 

percentage of subjects with NHDD was 0.05% and 43.0% at baseline and post-treatment. 

Simulations with increasing misestimation in standard drink reporting increased these values 

to 5.3–20.7% at baseline and 50.2–71.0% at post-treatment.

Effect sizes comparing naltrexone versus placebo were directly impacted by drink size 

misestimation, with a greater impact observed for NHDD than for PHDD (see Table 2 and 

Figure 3). The effect size for PHDD in the original data was −0.088 and ranged from −0.089 

to −0.056 across the simulated misestimation conditions (see Figure 3). The effect size for 

NHDD in the original data was −0.055 and ranged from −0.055 to −0.019 across the 

simulated misestimation conditions (see Figure 3). Effect sizes for PHDD decreased by as 

much as 36% when drink misestimation was greatest (simulation 6). Effect sizes for NHDD 

were more drastically impacted at each level of the simulation, with greatest decrease in 

effect size at maximum drink misestimation (simulation 6, 65% decreased effect size). At 

almost every change in drink misestimation simulated, effect sizes of NHDD were weakened 

at nearly double the severity of those for PHDD: 5% versus 13%, 11% versus 24%, 17% 

versus 35%, 26% versus 49%, and 36% versus 65%. The sole exception was for simulation 

1, where drink misestimation was smallest, effect sizes were negligibly impacted for PHDD 

and NHDD (1% improvement and no change, respectively).

Discussion

Evaluating AUD treatment efficacy by dichotomizing self-reported drinking data involves at 

least two potential perils: loss of statistical power and drink size misestimation impacts on 

effect sizes. The consequences of distilling continuous data into binary data were examined 

in addition to the potential consequences of drink size misestimation. Effect sizes were 

consistently smaller for binary NHDD than continuous PHDD and drink size misestimation 

further decreased effect sizes. Results indicated that both NHDD and PHDD are impacted by 

drink size misestimation at rates proportionate to the degree of misestimation. Together, 

these conditions could produce the appearance that many more patients achieve the criterion 

of NHDD at the end of AUD treatment (e.g., up to 71%) compared to the actual number of 

patients who achieved NHDD (e.g., 43%). The practical conclusions drawn from PHDD 

effects were consistently a minority of participants’ days consisted of heavy drinking (18% 

PHDD and 7% PHDD for observed COMBINE data and simulation 6 data, respectively), 

thus drinking misestimation produced less drastic differences in treatment success rates as 

compared to NHDD. The combined impact of dichotomizing drinking data that are 

misestimated highlights the potential threat for researcher conclusions about treatment 

efficacy.
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There was also some difference in the relative impact of drink size misestimation on 

standardized effect size estimates between treatment conditions for NHDD compared to 

PHDD. For example, even a slight standard drink consumption misestimation of 1.41 drinks 

(simulation 2) detrimentally impacted the relative change in effect sizes for NHDD nearly 

three-times more than effect sizes of PHDD (effect sizes reduced by 5% for PHDD 

compared to 13% for NHDD compared to original COMBINE data). Although overall effect 

size values were small, these results demonstrate a potential for differential impact of drink 

size misestimation for binary versus continuous outcomes.

The mechanisms through which drink size misestimation and variable dichotomization may 

impact effect sizes may include several components manipulated through the present study’s 

simulation methodology. First, participants generally underreport their alcohol consumption 

(reflected by the mean bias parameter) and variability in the degree of misestimation 

between participants (reflected by the bias standard deviation parameter) adds additional 

statistical “noise.” Second, the dichotomization of continuous daily drinking data into binary 

heavy or non-heavy drinking days may introduce errors in which many heavy drinking days 

become misclassified as non-heavy days. The reduction of continuous PHDD into a single 

binary value of non-heavy or heavy drinking further reduces the amount of information 

available for analysis. Given the complexity of drinking data, distilling data into binary 

variables poses many potential pitfalls for decreased accuracy of data, especially when 

considering drink size misestimation. Although the lines graphed in Figure 3 portray the 

impacts of drink misestimation as appearing equitable for PHDD and NHDD, examination 

of the raw data highlight the differential impacts on the two outcomes, primarily due to the 

original loss of power with NHDD compared to PHDD. Since the original COMBINE data 

showed effect size of NHDD as −0.055, there was a relatively weaker margin of error 

compared to the original COMBINE effect size of PHDD of −0.088. A change of 0.02, 

therefore impacted NHDD proportionately greater than PHDD. Therefore, using continuous 

outcomes, such as PHDD, has more likelihood to preserve the integrity of complex drinking 

data and may explain why effect sizes for PHDD were somewhat less detrimentally 

impacted by drink size misestimation than those of NHDD.

Limitations

One limitation to the present findings is the assumption that the COMBINE data reflected 

accurate drinking quantities. However, this assumption was the most straightforward 

methodology and is supported by the rigorous data collection methodology with biochemical 

verification employed by the COMBINE study team (16). Another limitation is that effect 

sizes were small in COMBINE (16) and even smaller in the simulated data examined in the 

present study. The present findings merely highlight the proportionate impact of drink 

misestimation on the binary NHDD versus PHDD. Using another dataset that had larger 

treatment effects may have provided more meaningful evidence of the impact of drink 

misestimation. Further, the study samples in the drink misestimation literature were not 

clinical samples like that in COMBINE. It is theoretically possible that individuals with 

AUD diagnoses may be more or less accurate in their reporting of standard drinks; future 

research should examine how misestimation may vary as a function of stage of treatment or 

recovery status. Third, the studies included in Table 1 are not comprehensive of the entire 
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drink mis-estimation literature and studies that did not report drink misestimation standard 

deviations were omitted from the present study (e.g., 28,29,15). However, a recent 

systematic review suggests average misestimation values fall within similar ranges of those 

modeled in the present study (see 10 for systematic review). Moreover, the present 

methodology simulates varying levels of misestimation, which was designed to provide 

readers with extrapolatable information to determine what kinds of impacts to their data 

might be expected if drink size misestimations are outside of the exact simulated values in 

the present study. Another limitation was that we assumed within-participant estimation was 

consistent across and within drinking occasions within 90-day assessments. Future research 

may aim to quantify the extent to which within-participant drink size misestimation varies 

between each drink consumed, as has been done across drink types (e.g., wine, beer, spirits) 

and drink glass sizes (e.g., 14,15).

Conclusions and recommendations

The present study examined the impact of variable dichotomization and drink size 

misestimation on outcomes used to examine the efficacy of treatments for AUD: no heavy 

drinking days (NHDD) and percent heavy drinking days (PHDD). Results indicated that the 

effect sizes of naltrexone versus placebo for the binary outcome of NHDD were overall 

lower than those for PHDD. Drink size misestimation further decreased effect sizes. 

Specifically, increasing levels of drinking data misestimation decreased the treatment effect 

sizes for NHDD at approximately twice the impact of that compared to effect sizes for the 

continuous PHDD variable. Such findings provide caution for future research in considering 

both measurement methods where drink size misestimation may be more prevalent (e.g., 

quantity-frequency questionnaires (30–36) and outcome variable selection (e.g., variable 

dichotomization).

Based on the present findings and the need to use a consistent “yardstick” in reporting 

treatment outcomes for AUD treatment efficacy studies (37), the increased power of using 

continuous PHDD highlights the potential danger of using dichotomous NHDD as the sole 

determination of treatment efficacy since NHDD will inherently have less statistical power 

to demonstrate treatment effects. Moreover, non-addiction treatment efficacy studies (e.g., 

chronic obstructive pulmonary disease, weight management, pulmonary arterial 

hypertension, depression medication trials) do not regularly use binary endpoints in their 

research (38–41). That addiction research stands alone in healthcare research as using a 

binary outcome that inherently has less statistical power than alternative, continuous 

outcomes is a readily correctable limitation of our current science.

Perhaps a less easily correctable limitation of our current AUD treatment science is the 

limitation of using self-reported drinking data, which holds potential for drink size 

misestimation. Given that the efficacy of AUD treatments is often tested by examining 

alcohol consumption, future research may benefit from exploring new data collection 

methodologies, such as real-time monitoring of drinking behavior (42). At a policy level, 

printing standard drink information on alcohol container labels may improve drink reporting 

accuracy (43). Future research may also benefit from broadening the conceptualization of 

treatment outcomes to consistently include non-consumption outcomes, such as 
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psychosocial functioning and quality of life (44,45). Such non-consumption definitions 

would not only address the limitations inherent with drink size misestimation but would also 

address decades’ worth of researchers’ calls for more client individualized definitions of 

treatment success (44–46). Additional research in identifying measures of non-consumption 

outcomes with the best psychometric properties and greatest sensitivity and specificity for 

short- and long-term outcomes is needed so AUD treatment researchers can adopt consistent 

“yardsticks of success” (37; 47,48,49).
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Figure 1. 
Impact of drink size misestimation at baseline and post-treatment timepoints for PHDD.

Note: PHDD = percent heavy drinking days. Initial data point is the original COMBINE 

value; subsequent data points are for simulations 1 through 6, respectively.
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Figure 2. 
Impact of drink size misestimation at baseline and post-treatment timepoints for NHDD.

Note: NHDD = percent subjects with no heavy drinking days. Initial data point is the 

original COMBINE value; subsequent data points are for simulations 1 through 6, 

respectively.
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Figure 3. 
Impact of drink size misestimation on naltrexone versus placebo effect sizes: PHDD and 

NHDD.

Note: PHDD = percent heavy drinking days: NHDD = percent subjects with no heavy 

drinking days. Initial data point is the original COMBINE value; subsequent data points are 

for simulations 1 through 6, respectively.
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