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Executive Summary 
For many individuals, AUD is a chronic relapsing disease where maintaining abstinence is often difficult. 
However, significant improvement in drinking, short of full abstinence, can have many health, social, and 
economic benefits. Analyses done by a Public-Private Partnership workgroup, the Alcohol Clinical Trials 
Initiative (ACTIVE), herein demonstrate that a reduction in a relatively new metric of alcohol harm reduction, 
the World Health Organization (WHO) risk drinking level, has validity in real-world settings and could be 
a viable AUD clinical trial endpoint. For example, we show that individuals drinking at WHO very high-risk 
levels, who subsequently reduce their WHO risk drinking level, report clinically significant improvements 
in how they feel and function. These improvements include a lower risk for alcohol dependence, less 
severe alcohol-related consequences, reduction in health care costs, improved mental health, improved 
quality of life, improved liver function and lower systolic blood pressure. In addition, the WHO risk drinking 
level endpoint is as sensitive or, in some instances, more sensitive than the standard FDA guided “total 
abstinence” and “percent of subjects with no heavy drinking” endpoints in detecting differences between 
an experimental medication and placebo in alcohol treatment clinical trials. Moreover, this endpoint 
identifies more individuals as improved compared to “full abstinence” or “percent subjects with no heavy 
drinking”. Finally, the WHO risk drinking reduction endpoint appears to maintain its efficacy in predicting 
improved function after extended periods of time (at least 1 year for function and up to 3 years for health 
costs). Furthermore, this outcome displays considerable stability by the third or fourth month of clinical 
trial participation, suggesting that a clinical trial length of 3-4 months might be an adequate duration for 
AUD phase three clinical trials using this outcome as a primary endpoint. 

International publicly-available data suggest that reducing drinking from very high levels to more moderate 
levels can reduce long-term mortality and overall disease burden. Also, the use of the same outcome by 
regulatory agencies in the United States and Europe, where a 2-level reduction in WHO risk drinking is 
accepted, would harmonize regulatory requirements and provide efficiency in medication development 
for this undertreated disorder. In addition, the WHO risk drinking level outcomes capture reductions in 
drinking, the preferred goal of most patients, and are more readily achieved as a measure of success than 
“abstinence” or “no heavy drinking days”. Substantial reductions in drinking, if agreed upon as a suitable 
goal of alcohol treatment, could increase the desirability and acceptability of treatment to patients and 
caregivers, and enhance the drug development process by providing additional outcomes for clinical trials 
of this underserved and costly disorder. 

In sum, it is felt that data provided by ACTIVE in conjunction with the National Institute of Alcohol Abuse 
and Alcoholism, as detailed in this report, support the use of the reduction in WHO risk drinking levels as 
a primary-efficacy endpoint for phase-3 AUD pharmacotherapy clinical trials in the United States. It is with 
great interest that we request FDA discussion and guidance on this proposal. 
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Description and Purpose of the Alcohol Clinical Trials Initiative (ACTIVE) 
(2009-2018) 
ACTIVE was formed nearly 10 years ago at the request of the American College of Neuropsychopharmacology 
(ACNP), one of the most prestigious societies focusing on the biological causes and cures for psychiatric 
brain disease. Despite great clinical and public health need, the ACNP recognized that few drugs were 
submitted and/or approved by regulatory authorities for the treatment of alcohol and other substance use 
disorders. As such, after an initial planning meeting (attended by the Directors of the National Institute on 
Alcohol Abuse and Alcoholism and the National Institute on Drug Abuse (NIAAA), representatives from the 
FDA, academics, and 23 Pharmaceutical Companies), the decision was made to focus initially on Alcohol 
Use Disorder (AUD). From its start, ACTIVE was envisioned as a Public-Private partnership, funded by 
the Pharma Industry but receiving in-kind support from NIH (e.g. for ancillary data analysis) and FDA (by 
attendance). Recently, ACTIVE applied for and received “Public-Private Partnership” approval from the 
FDA and has complied with the required public disclosure guidelines. 

ACTIVE has held 2 meetings per year focusing on the improvement and standardization of AUD clinical 
trial methodology. The goals, mission, and questions to be addressed by ACTIVE were laid out in its 
initial publication (Anton et al., 2012). The overarching goal has been to inform AUD clinical trials design, 
analysis, and outcomes that would not only meet regulatory approval, but would also increase clinical trial 
participation, and ultimately treatment to a wider spectrum of AUD affected individuals. 

To this end, ACTIVE has sought to better understand the efficacy, and clinical relevance, of various drinking 
outcomes (i.e., endpoints) for AUD trials. ACTIVE’s current focus has been to develop a new drinking 
reduction outcome for AUD trials that reflects what has been observed by clinicians and researchers to 
date—that the vast majority of individuals with AUD would like to reduce their drinking and that reductions 
in drinking, short of abstinence, can result in improvements in feeling and functions. Such a reduction-
oriented drinking outcome, if appropriately validated, could significantly improve both patient satisfaction, 
treatment seeking, and ultimately public health (see the section below for the rationale underlying this 
focus). 

ACTIVE has requested a meeting with the FDA-CPIM to share data analysis that supports this concept 
of a drinking reduction and request guidance and consideration as to whether a reduction in the World 
Health Organization (WHO) risk drinking levels of alcohol consumption could be used as a primary efficacy 
endpoint in Phase III clinical trials for this underserved and costly disorder. 
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Introduction and Rationale for a Reduction in the World Health Organization 
(WHO) Risk Drinking Levels as an Efficacy Outcome in Alcohol Use Disorder 
(AUD) Clinical Trials 
Alcohol use disorder (AUD), previously called alcohol dependence, is a devastating brain disease that 
causes a myriad of medical, psychological, social, and economic problems, affecting over 15 million 
adults and over 620,000 adolescents in the United States (U.S.) (https://pubs.niaaa.nih.gov/publications/ 
AlcoholFacts&Stats/AlcoholFacts&Stats.htm). It estimated that over 88,000 Americans die from alcohol-
related causes annually, costing society over $249 billion a year in medical, economic, and social costs. 
Moreover, 3.3 million deaths, or 5.9 percent of all global deaths annually are attributable to alcohol 
consumption, one of the highest ranked causes of death. Globally, alcohol misuse is the fifth leading 
risk factor for premature death and disability. Heavy alcohol use is known to increase heart disease, 
stroke, cancer, gastrointestinal problems, and is the leading cause of liver transplantation. In the U.S. and 
elsewhere, heavy alcohol consumption contributes to many social problems such as accidental injury, 
domestic violence, rape, assaults, and murders, while more than 10 percent of children live with a parent 
with identifiable alcohol problems. Despite this immense burden of disease and associated social costs, 
and despite the advanced neuroscience identification of pharmacological targets, there are a limited 
number of FDA approved medications to treat AUD. 

Currently, only 3 medications have been approved by the FDA for “alcohol dependence”: disulfiram, oral 
and injectable long-acting naltrexone, and acamprosate (Litten et al., 2016), and as seen in the table below 
the last one being over 12 years ago.  

COMMERCIAL NAME GENERIC NAME DATE OF FDA APPROVAL 

ANTABUSE Disulfiram 08/28/1951 
REVIA Naltrexone, oral 11/20/1984 
Campral Acamprosate 07/29/2004 
VIVITROL Naltrexone for extended-release 

injectable suspension 
04/13/2006 

However, partially because of the heterogeneity of AUD, these medications are not universally effective, 
especially when applying the conservative “success criteria” of “total abstinence” or “no heavy drinking 
days” currently recommended by the FDA. Since developing new and more effective medications is a 
priority for the National Institute on Alcohol Abuse and Alcoholism (NIAAA), in conjunction with the ACTIVE 
workgroup, it has engaged in an effort to evaluate better ways to evaluate the effectiveness of novel 
medications, including evaluating methods to measure and validate a new efficacy outcome of drinking 
harm reduction, a reduction in the WHO risk levels of alcohol consumption. 

To date, the FDA recommends 2 primary dichotomous outcomes for defining a successful response to 
treatment in Phase 3 alcohol pharmacotherapy trials: a) total abstinence and b) the percent of subjects with 
no heavy drinking days (where a heavy drinking day is defined as 5 or more drinks for men and 4 or more 
drinks for women) (https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/ 
Guidances/UCM433618.pdf). These 2 measures are excellent at capturing incidences of abstinence and 
low risk-drinking; however, they fail to capture large numbers of individuals with AUD who might achieve 
significant clinical benefit from lesser, but potentially clinically meaningful, reductions in drinking. 

Currently, less than 10 percent of individuals with AUD seek treatment for their drinking problems (Grant et 
al., 2015), and the majority of individuals with AUD who do not seek alcohol treatment report not wanting 
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to stop drinking as the primary reason for not seeking treatment (Figure 25 in https://www.samhsa.gov/ 
data/sites/default/files/NSDUH-DR-FRR3-2014/NSDUH-DR-FRR3-2014/NSDUH-DR-FRR3-2014.htm). 
Many individuals with AUD who do not initially accept an abstinence goal may find treatment more 
appealing if it is focused on reductions in drinking (Probst et al., 2015; van Amsterdam and van den Brink, 
2013). This is partially based on the perception/anticipation that a reduction in drinking will lead to a 
reduction in alcohol-induced harm. Recent evidence suggests that reduction in drinking is an important 
goal for many individuals with AUD. In 3 recent AUD multisite pharmacotherapy clinical trials, individuals 
seeking participation who had a non-abstinence goal of drinking reduction ranged from 72 to 91 percent 
(Falk et al., 2018; Litten et al, 2013; Ryan et al., 2017). Additionally, many individuals with AUD report 
fear of the “stigma” associated with being identified as having AUD and are therefore reluctant to stop 
drinking completely (Probst et al., 2015) since abstinence is often interpreted by others has having an 
alcohol problem. Moreover, AUD is a chronic relapsing disorder for many people, whereby focusing on 
the reduction of harmful drinking can be an important aspect of disease management (Maremmani et 
al., 2015) similar to the management of other chronic diseases like diabetes, obesity, and hypertension 
where objective measures of reduced-harm (e.g. lowered blood sugar, weight, and blood pressure) are 
acceptable goals. Indeed, there are numerous benefits to reductions in drinking, including decreases in 
morbidity and mortality (Laramee et al., 2015), lower healthcare costs (Kline-Simon et al., 2014), decreased 
alcohol-related consequences (Falk et al., 2010; Witkiewitz, 2013), and improved psychosocial functioning 
(Kline-Simon et al., 2013; Witkiewitz, 2013).  
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Objective of the Meeting 
Given the perceived utility and need for an alcohol consumption reduction measure for clinical trials, 
the objective of this meeting is to discuss a new endpoint for alcohol medications development that we 
believe successfully identifies individuals with AUD whose reductions in drinking are associated with 
clinically meaningful improvements in how they feel and function. Through careful research, NIAAA in 
conjunction with ACTIVE has conducted a series of analyses to validate the World Health Organization 
(WHO) risk levels of alcohol consumption as a clinically meaningful indicator of drinking reduction for AUD 
clinical trials. The WHO risk drinking levels include very high-risk drinking, high-risk drinking, moderate-
risk drinking, and low-risk drinking based on grams of ethanol consumed per day (see below). 

Table 1. WHO risk drinking levels (grams of alcohol consumption) 

Risk level Definition of each level, in grams and US standard drinks 

Very high >100 g (>7.1 drinks) for men; 
>60 g (>4.3 drinks) for women 

High 60–100 g (4.3–7.1 drinks) for men; 
40–60 g (2.9–4.3 drinks) for women 

Moderate 40–60 g (2.9–4.3 drinks) for men; 
20–40 g (1.4–2.9 drinks) for women 

Low 1–40 g (<2.9 drinks) for men; 
1–20 g (<1.4 drinks) for women 

The European Medicines Agency (EMA) currently endorses a 2-level reduction in WHO risk drinking levels 
as one potential outcome in the regulatory evaluation of new drug applications for AUD pharmacotherapy 
trials. Based on our work, we propose that the FDA also consider adding a reduction in the WHO level as a 
primary endpoint to the existing endpoints of total abstinence and the percent of subjects with no heavy 
drinking days in their guidance offered for regulatory approvals of AUD trials. 

In the following sections, we will demonstrate and discuss the following topics: 1) how drinking is measured; 
2) how reductions in the WHO risk drinking level results in improvements in how individuals with AUD feel 
and function; 3) how reductions in WHO risk drinking level translates to long-term reduction in health care 
costs; 4) how this drinking endpoint performs and compares to the current primary drinking endpoints in 
several prominent AUD pharmacotherapy trials; and 5) the degree to which this drinking endpoint remains 
stable during AUD pharmacotherapy trials. 

We welcome the opportunity to discuss these data as well as the advantages of using the reduction in 
WHO risk drinking levels as one of the primary endpoints for evaluating candidate medications in pivotal 
alcohol clinical trials. 
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The Measurement of Alcohol Consumption 
To place the data presented in this report in perspective, it is necessary to understand how and why 
alcohol consumption (i.e. drinking) is measured in clinical trials. Alcohol use disorder (AUD) is a chronic 
disorder, often with varying periods of recovery interspersed with relapses to drinking. Given the complex 
pathogenesis and time course of AUD, the main aim of alcohol treatment should be to improve how a 
patient “feels and functions”. One way of assessing the efficacy of a treatment is to directly measure 
its effects on physical or psychosocial consequences. However, experience has shown that this often is 
impractical, necessitating trials that are too long and large (FDA, 2015). Thus, rather than demonstrating a 
direct effect on these measures in AUD clinical trials, the FDA has allowed the use of “alcohol consumption” 
itself as a suitable “surrogate/estimate” for assessing how a patient feels and functions, provided “the 
pattern of [drinking] behavior can be reasonably predictive of clinical benefit…” (FDA, 2015, line 68). 

Over the past several decades, alcohol consumption typically has been measured using 2 methods: the 
calendar-based estimate of daily drinking, the Timeline Follow-Back (TLFB), and the more global quantify/ 
frequency (Q/F) alcohol consumption measure. In alcohol clinical trials, the TLFB is considered the gold 
standard by alcohol researchers and is recommended by the FDA. 

The TLFB is a semi-structured interview that uses a calendar prompt and other memory aids (e.g., holidays, 
payday, and other personally relevant dates) to facilitate accurate recall of the number of drinks consumed 
each day during a given target period (e.g.,7- 28 days) (Sobell et al., 1996). The TLFB has demonstrated 
good validity and reliability in many research settings (Carey, 1997; Sobell, et al., 1988; Sobell, et al., 1996) 
for periods up to 90 days. In alcohol clinical trials, the TLFB is administered at baseline (e.g. with a 30- to 
90-day recall period) and then multiple times during the treatment period (often weekly, biweekly, or 
monthly, depending on the length of the trial). A variety of drinking endpoints can be derived from the 
daily number of drinks captured by the TLFB; these include the FDA-recommended endpoints (percentage 
of subjects abstinent and the percentage of subjects with no heavy drinking days), as well as the new 
World Health Organization (WHO) risk drinking endpoints, among others (e.g. percent drinking days, 
percent heavy drinking days, drinks per day, and drinks per drinking day). 

The Q/F measure is used commonly in epidemiological studies and survey research. The measure queries 
the number of drinks consumed on a typical drinking day (quantity) and the typical number of drinking 
days (frequency) over a given period (e.g., a week, month, or year). Studies in the general population 
have shown that measuring past-year drinking by Q/F correlate well with a modified TLFB conducted by 
mail over the same time period (Sobell et al., 2003). In clinical trial data, the correlation between the Q/F 
and TLFB (using a 30-day recall period) was less robust. Q/F consistently underestimated the quantity of 
alcohol consumed when compared with the TLFB (NIAAA, unpublished data). Although the Q/F measure 
is easier to administer and requires less time than the TLFB, the TLFB is considered the more accurate 
assessment instrument for clinical trials.  

Finally, the amount of alcohol, measured by the TLFB and Q/F, is often expressed as the number of standard 
drinks consumed. However, the amount of alcohol in a standard drink varies among the different countries, 
ranging from 8 grams in the UK to 14 grams in the U.S. (Hasin et al., 2017). An important advantage of the 
WHO risk drinking categories, which measure the amount of drinking in grams, is that information provided 
can be translated readily into standard drink equivalents per day across countries that use different gram 
to standard drinks conversions. This utility should provide a universal/global metric, allowing easier cross-
border interpretation and comparisons of clinical trial results and medication efficacy. 

While perhaps less germane for the current discussion but alluded to in subsequent data analyses, 
biological estimates of alcohol consumption can be made using laboratory tests performed on urine and 
blood. A few sensitive and reliable lab tests/biomarkers of alcohol consumption are available (Litten et. 
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al. 2010). These range from measurement of low amounts of acute consumption (measured by urinary 
Ethylglucuronide -EtG), moderate amounts of almost daily consumption (measure by red blood cell 
Phosphatidylethanol – PETh) and heavy/harmful alcohol consumption (measured by serum Carbohydrate 
Deficient Transferrin – CDT or gamma glutamyl transferase -GGT). It is possible, and even likely, that the 
combined use of these lab tests could enhance the accuracy of verbal reporting, but these tests have not 
been used widely in AUD clinical trials an may be more vulnerable to missing data compared to the TLFB. 
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Rationale for Evaluating Epidemiological Data in Relationship of Drinking
Reduction to Morbidity and Mortality
Epidemiological evidence shows positive linear and curvilinear relationships between alcohol
consumption (gm/day) and mortality and various chronic diseases, including cancers of the mouth, 
oropharynx, esophagus, larynx, colon, liver, and breast; liver cirrhosis; pancreatitis; hemorrhagic stroke;
hypertension; and epilepsy (Rehm et al., 2017; Shield et al., 2013; Tramacere et al., 2010). Wood et al. 
(2018) recently published the results of 83 prospective studies in 599,912 current drinkers in The Lancet
showing a relationship between alcohol intake (drinks/week) and mortality, as well as cardiovascular 
disease, stroke, and heart failure. 

Although these prospective and retrospective studies (Rehm et al., 2017; Shield et al., 2013; Wood et al., 
2018) have potential limitations, current guidelines on drinking are based, in part, on these types of
studies. With regard to the WHO risk drinking categories, it is readily observable that, in many cases,
moving from the WHO “very high/high risk” level to a “medium/low risk” level is associated with a 
decreased risk of mortality and chronic disease from alcohol consumption. For example, in the dose-
response curve by Tramacere et al (2010) (see Figure below), going from alcohol consumption
corresponding to WHO “very high” risk drinking level (100+ gm/day for men, for example) to a “low” risk 
drinking level (<40 gm/day) corresponds to difference in relative risk reduction of about 5.5 times for
oral and pharyngeal cancers. 

Figure 1. Reduction of  oral and pharyngeal cancer risk in individuals reducing alcohol consumption on
average from greater than 100 grams/day to 40 grams per day.

 
 

 

 
  

 
  

 
  

   
 

 

  
  

  
 

 
  

     
         

 

  
   

 
 
 

 
 

 

Rationale for Evaluating Epidemiological Data in Relationship of Drinking 
Reduction to Morbidity and Mortality 
Epidemiological evidence shows positive linear and curvilinear relationships between alcohol consumption 
(gm/day) and mortality and various chronic diseases, including cancers of the mouth, oropharynx, 
esophagus, larynx, colon, liver, and breast; liver cirrhosis; pancreatitis; hemorrhagic stroke; hypertension; 
and epilepsy (Rehm et al., 2017; Shield et al., 2013; Tramacere et al., 2010). Wood et al. (2018) recently 
published the results of 83 prospective studies in 599,912 current drinkers in The Lancet showing a 
relationship between alcohol intake (drinks/week) and mortality, as well as cardiovascular disease, stroke, 
and heart failure. 

Although these prospective and retrospective studies (Rehm et al., 2017; Shield et al., 2013; Wood et al., 
2018) have potential limitations, current guidelines on drinking are based, in part, on these types of studies. 
With regard to the WHO risk drinking categories, it is readily observable that, in many cases, moving from 
the WHO “very high/high risk” level to a “medium/low risk” level is associated with a decreased risk of 
mortality and chronic disease from alcohol consumption. For example, in the dose-response curve by 
Tramacere et al (2010) (see Figure below), going from alcohol consumption corresponding to WHO “very 
high” risk drinking level (100+ gm/day for men, for example) to a “low” risk drinking level (<40 gm/day) 
corresponds to difference in relative risk reduction of about 5.5 times for oral and pharyngeal cancers. 

Figure 1. Reduction of oral and pharyngeal cancer risk in individuals reducing alcohol consumption on 
average from greater than 100 grams/day to 40 grams per day. 

WHO Low 
Risk Level 

WHO Very High 
Risk Level 

~5.5 difference 

Given the wealth of epidemiological data supporting the link between reduction of alcohol consumption 
and improved longevity and health, it made sense to evaluate available epidemiological data in the United 
States to evaluate the link between reductions in WHO risk drinking levels and changes in function in the 
general population. 
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WHO Risk Drinking Levels in a Nationally Representative General Population 
Sample - Relationship to Clinical Diagnoses and Function 
Over the last 3 years, the ACTIVE group has been working on examining whether reductions in the WHO 
risk drinking levels are associated with benefits to drinkers in the general population, i.e., improvements 
in how they feel and/or function. The ACTIVE group decided to examine these issues in general population 
data for 3 main reasons: (1) Most clinical trial datasets had relatively small sample sizes, and lacked follow-
up periods of sufficient duration to produce meaningful results. (2) Patients in clinical trials are not likely to 
be representative of all individuals who are heavy drinkers. Participants in a large, national study of adult 
household residents would be more representative. (3) Earlier work on the meaning and implications of 
reduction in WHO risk drinking levels emphasized the importance of examining reduction in WHO levels 
by initial drinking level, as a 1-level reduction could mean something entirely different for an initially very 
heavy drinker than for a moderate or light drinker (Rehm J, Roerecke M. Alcohol Alcohol 2013; 48: 509– 
13). For this reason, a large sample that included drinkers across varying levels of the WHO risk drinking 
levels was needed. Such data were found in a large, nationally representative survey of US adults who 
participated in a 3-year follow-up interview (Hasin et al., Lancet Psychiatry 2017). 

Methods 

The survey was the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) in which 
face-to-face interviews were conducted in participants’ homes. The NESARC target population consisted of 
adults age at least 18 years living in households and group quarters. The baseline and follow-up interviews 
are referred to as Wave 1 and 2, respectively. Wave 1 was conducted in 2001-2002, and Wave 2 in 2004-
2005. Wave 1 included 43,093 participants; Wave 2 re-interviewed 34,653 of them, a follow-up response 
rate of 86.7% after excluding deceased or incapacitated individuals. Of the individuals re-interviewed at 
Wave 2, 22,005 were drinkers at Wave 1 (at least 1 drink in the prior 12 months). These constituted the 
analytic sample for the study the ACTIVE group undertook of WHO risk drinking level reduction. 

NESARC measures of WHO risk drinking levels. The baseline and follow-up interviews included state-of-
the-art detailed measures of drinking, including quantity and frequency of drinking by types of alcohol 
(beer, wine, liquor). These measures were used to calculate the WHO risk drinking levels and evaluate 
change in these levels between baseline and follow-up interviews (Dawson et al., 2005). Drinking was 
measured in grams of ethanol and then converted into drinks per day. The 4 WHO risk levels are shown in 
Table 1 (above). As shown, the levels are defined separately for men and women. 

NESARC outcome measures. The surveys also included measures of several conditions that were used as 
outcomes for the study. These all indicated aspects of how participants were feeling and/or functioning at 
Wave 2. They included the following: 

1. DSM-IV Alcohol Dependence. This was diagnosed using the criteria in the Diagnostic and Statistical 
Manual, 4th edition (DSM-IV). To receive the diagnosis, 3 out of the 7 DSM-IV criteria were 
required. The DSM-IV alcohol dependence measure used in the NESARC has been shown to be 
highly reliable in clinical and general population samples in the US and internationally (Grant et al., 
1995; 2003; Ruan et al., 2008; Hasin et al., 1997a; 1997b; Cottler et al., 1997). 

2. Functioning. This was measured on a widely-used functioning scale, the Short-Form 12, 2nd version 
(SF12v2; Ware et al., 2002). We dichotomized this variable to represent impairment among 
participants scoring ≥1 SD below the population mean (Hasin et al., 2017). 

3. AUDIT-C screening scale. Developed initially for the World Health Organization (Saunders et al., 1993), 
this screening scale for risky drinking is validated (Dawson et al., 2005; 2012) and widely used in 
clinical settings, e.g., in yearly screenings across all VA patients with primary care visits (Bradley et 
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al., 2007). AUDIT-C scores were dichotomized at the breakpoint commonly accepted as indicating 
increased risk (Knox et al., in press). 

4. Liver cirrhosis/other liver disease. This is self-reported in the medical conditions’ module of the interview. 
For this study, liver disease was counted as positive only if a doctor made the diagnosis (Knox et 
al., in press). 

5. DSM-IV-defined common psychiatric disorders. In this study, common psychiatric disorders were included 
that are associated with heavy drinking and are indicators of how individuals feel and function. 
These included depressive disorders (major depression, dysthymia), and anxiety disorders (panic, 
generalized anxiety, social or specific phobia). These disorders were also diagnosed using DSM-
IV criteria. Given the strong comorbidity between depressive and anxiety disorders that we 
and others have found (e.g., Hasin et al., 2004; 2018) we created a binary variable for the study 
indicating that any of these disorders were present (Knox et al., under review). 

6. Other DSM-IV substance use disorders. These were abuse or dependence diagnoses for sedatives/ 
tranquilizers, painkillers, marijuana, cocaine/crack, stimulants, club drugs, hallucinogens, inhalants 
and heroin. These were also diagnosed using DSM-IV criteria (Knox et al., in preparation). 
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Analysis. The method of analysis was the same for all 6 outcomes. Logistic regression was used to test 
the relationship between reductions in WHO risk drinking level between Waves 1 and 2 with the status 
of each of the 6 outcomes at Wave 2. Within each overall model, reductions were examined by initial 
WHO risk drinking level at Wave 1. Participants who were very high-risk drinkers at Wave 1 could show 3 
levels of reduction in drinking: 1 level (to high risk), 2 levels (to moderate risk) and 3 levels (to low risk). 
High-risk drinkers could reduce 1 or 2 levels (to moderate or low risk). Table 2 shows the prevalence 
of changes in WHO risk drinking levels at Wave 2 for Wave 1 very high and high-risk drinkers. Change 
in risk for the outcome by change in drinking level was indicated with adjusted odds ratios (aOR). aOR 
indicate the effect of the predictor variable (change in WHO risk drinking level) on the outcome (e.g., 
Wave 2 alcohol dependence), relative to the comparison group consisting of participants whose WHO 
risk drinking level did not change between Waves 1 and 2, adjusted for covariates. aOR >1.00 indicate 
increased odds relative to the comparison group, aOR=1.00 indicate no difference in risk, and aOR <1.00 
indicate decreased risk relative to the comparison group. Statistical significance of an aOR is indicated 
by a 95% confidence interval that does not include 1.00 between its lower and upper limit. All models 
controlled for sex, age, education, race/ethnicity, smoking, body-mass index, health insurance, and Wave 
1 status of the outcome. While all models included the participants in all 4 WHO risk drinking categories 
at Wave 1, in interpreting the results, in this report we focus on the very high-risk and high-risk drinkers, 
since they are the ones most like patients entering AUD pharmacotherapy clinical trials and thus of most 
interest for evaluating reduction in WHO risk drinking levels and improvements in how a patient may feel 
and/or function. 

Table 2. Overall prevalence of WHO risk drinking level change observed at 
Wave 2 for Wave 1 very high and high-risk drinkers 
Wave 1 WHO risk level Wave 2 change in WHO level Prevalence (%) 
Very High (n=512) 

No change 26 

Decreased 1 level 14 

Decreased 2 levels 11 

Decreased 3 levels 41 

Became abstainer 7 

High (n=546) * 

No change 15 

Decreased 1 level 19 

Decreased 2 levels 46 

Became abstainer 6 

* numbers do not total 100% because 14% had increased to the very high-risk 
level by Wave 2 
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Results 

Effect of Who Risk Drinking Level Change on Various Feeling and Function Measures 

Alcohol dependence. Among very-high-risk drinkers at Wave 1, each decrease in WHO risk drinking level 
was associated with significantly lower prevalence and adjusted odds of alcohol dependence at Wave 
2, compared to respondents with no change in drinking level (the reference group; Table 3). Specifically, in 
individuals whose drinking remained at the very high-risk level, 37 % were alcohol dependent at Wave 2, 
whereas among those who decreased their drinking by 1, 2, or 3 WHO risk levels, 14%, 9%, and 4% were 
alcohol dependent, respectively. The risk of alcohol dependence among abstainers was zero. Similarly, 
among high-risk drinkers at Wave 1, each decrease in risk drinking level by Wave 2 was associated with 
significantly lower prevalence and adjusted odds of Wave 2 alcohol dependence. An additional set of 
analyses among the subset of very-high-risk drinkers who were alcohol dependent at Wave 1 (not shown) 
also indicated that each decrease in WHO risk level by Wave 2 was associated with significantly lower 
odds of alcohol dependence at Wave 2, indicating that reduction in WHO risk level not only reduced the 
prevalence but also the persistence of alcohol dependence by Wave 2 (Hasin et al., 2017). 

Table 3. Risk for DSM-IV alcohol dependence at Wave 2 by Wave 1 WHO risk drinking level and 
change in level by Wave 2 
Wave 1 WHO risk 
level 

Wave 2 change in WHO 
level 

% with Wave 2 alcohol 
dependence 

aOR (95% CI) 

Very High (n=512) 
No change 37 Reference 
Decreased 1 level 14 0.27 (0.18-0.41) 
Decreased 2 levels 9 0.17 (0.10-0.27) 
Decreased 3 levels 4 0.07 (0.05-0.10) 
Became abstainer 0 ---

High (n=546) 
No change 27 Reference 
Decreased 1 level 19 0.67 (0.56-0.80) 
Decreased 2 levels 4 0.12 (0.09-0.15) 
Became abstainer 0 ---

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 
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SF-12 functioning. Results were clearest for participants whose WHO risk drinking level was very high 
at Wave 1 (Table 4). Among all very high-risk drinkers at Wave 1, reductions in WHO risk drinking levels 
predicted significantly lower risk of poor functioning at Wave 2 compared to respondents with no change 
in drinking level (the reference group). Additional analyses (not shown) indicated that this was also the 
case for the subset of Wave 1 very high-risk participants who were also alcohol dependent. 

Table 4. Risk for impaired functioning (at least 1 SD below population mean on SF-12v2) at Wave 2 
by Wave 1 WHO risk drinking level and change in level by Wave 2 
Wave 1 WHO risk 
level 

Wave 2 change in risk 
level 

% with Wave 2 impaired 
functioning 

aOR (95% CI) 

Very High (n=512) 
No change 22 Reference 
Decreased 1 level 8 0.34 (0.25-0.45) 
Decreased 2 levels 12 0.51 (0.38-0.67) 
Decreased 3 levels 12 0.51 (0.35-0.75) 
Became abstainer 23 1.10 (0.73-1.67) 

High (n=546) 
No change 18 Reference 
Decreased 1 level 11 0.56 (0.43-0.74) 
Decreased 2 levels 19 1.09 (0.84-1.41) 
Became abstainer 14 0.76 (0.52-1.10) 

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 
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Positive AUDIT-C screening test. Among Wave 1 very high-risk drinkers (Table 5), compared to those with 
no change, each decrease in WHO risk level predicted significantly lower prevalence and adjusted odds 
of a Wave 2 positive AUDIT-C. Additional analyses (not shown) indicated that among those who were 
very high-risk drinkers at Wave 1 and positive on the AUDIT-C, each decrease in WHO risk drinking level 
by Wave 2 predicted significantly lower risk of a persistent Wave 2 positive AUDIT-C score. Among those 
who were high-risk drinkers at Wave 1, all reductions in WHO risk levels were associated with significant 
decreases in risk of a positive Wave 2 AUDIT-C score, compared to respondents with no change in drinking 
level (the reference group). Additional sensitivity analyses (not shown) that additionally controlled for 
Wave 1 alcohol dependence were very similar to the main results (Knox et al., in press). 

Table 5. Positive AUDIT-C score prevalence at Wave 2 by Wave 1 WHO risk drinking level (drinks per 
drinking day) and change in level by Wave 2 
Wave 1 WHO risk level Wave 2 change in risk 

level 
% with Wave 2 positive 
AUDIT-C scores 

aOR (95% CI) 

Very High (n=512) 
No change 93 Reference 
Decreased 1 level 78 0.27 (0.20-0.36) 
Decreased 2 levels 55 0.09 (0.07-0.12) 
Decreased 3 levels 27 0.03 (0.02-0.04) 
Became abstainer 0 ---

High (n=546) 
No change 68 Reference 
Decreased 1 level 56 0.61 (0.54-0.69) 
Decreased 2 levels 35 0.25 (0.23-0.29) 
Became abstainer 0 ---

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 
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Liver Disease. As shown in Table 6, among Wave 1 very high-risk drinkers, each decrease in WHO risk level 
predicted significantly lower adjusted odds of Wave 2 liver disease, compared to respondents with no 
change in drinking level (the reference group), although a decrease to complete abstention was predictive 
of increased risk for liver disease. This latter finding may be due to the “sick quitter” phenomenon, i.e., 
those who stop drinking entirely due to illness. Among Wave 1 high-risk drinkers, reductions in risk for liver 
disease by reduction in WHO risk drinking levels were not significant (Knox et al., in press). 

Table 6. Liver disease prevalence at Wave 2 by Wave 1 WHO risk drinking level (drinks per drinking 
day) and change in level by Wave 2 
Wave 1 WHO risk level Wave 2 change in risk 

level 
% with Wave 2 liver 

disease 
aOR (95% CI) 

Very High (n=512) 
No change 2 Reference 
Decreased 1 level 0.5 0.34 (0.21-0.54) 
Decreased 2 levels 0.4 0.23 (0.15-0.36) 
Decreased 3 levels 0.3 0.17 (0.10-0.29) 
Became abstainer 3 2.03 (1.18-3.51) 

High (n=546) 
No change 0.8 Reference 
Decreased 1 level 0.6 0.71 (0.36-1.41) 
Decreased 2 levels 0.5 0.63 (0.34-1.14) 
Became abstainer 0.1 0.16 (0.05-0.54) 

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 

17 



Common psychiatric disorders. As shown in Table 7, among Wave 1 very high-risk drinkers, each non-
abstinent decrease in WHO risk level predicted significantly lower odds of Wave 2 DSM-IV depression 
and/or anxiety disorders compared to respondents with no change in drinking level (the reference group). 
Results for high-risk drinkers were less consistent, with a decrease of 1 level in WHO risk drinking curiously 
predicting an increased risk for depression and/or anxiety, while a decrease of 2 levels decreased risk 
(Knox et al., under review). 

Table 7. DSM-IV depression and/or anxiety disorders at Wave 2 by Wave 1 WHO risk drinking level 
(drinks per day) and change in level by Wave 2 
Wave 1 WHO risk level Wave 2 change in risk 

level 
% with Wave 2 depressive 
and/or anxiety disorder 

aOR (95% CI) 

Very High (n=512) 
No change 29 Reference 
Decreased 1 level 15 0.42 (0.29-0.63) 
Decreased 2 levels 13 0.37 (0.22-0.62) 
Decreased 3 levels 22 0.67 (0.49-0.93) 
Became abstainer 19 0.56 (0.37-0.83) 

High (n=546) 
No change 16 Reference 
Decreased 1 level 20 1.32 (1.03-1.69) 
Decreased 2 levels 12 0.70 (0.51-0.96) 
Became abstainer 7 0.40 (0.28-0.57) 

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 
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Other substance use disorders. As shown in Table 8, among Wave 1 very high-risk drinkers, each non-
abstinent decrease in WHO risk level predicted significantly lower odds of Wave 2 SUD compared to 
respondents with no change in drinking level (the reference group). Results were less consistent for those 
who were high-risk drinkers at Wave 1. Among this group, a 1-level decrease in WHO risk level predicted 
significantly higher odds of Wave 2 SUD compared to those whose WHO risk level remained unchanged, 
while a 2-level decrease predicted a significantly lower risk of SUD at Wave 2. Sensitivity analyses (not 
shown) indicated that controlling for alcohol dependence at Wave 1 did not affect the findings, nor did 
limiting the sample to the subset of participants who had alcohol dependence at Wave 1. 

Table 8. DSM-IV substance use disorders at Wave 2 by Wave 1 WHO risk drinking level (drinks per 
day) and change in level by Wave 2 
Wave 1 WHO risk level Wave 2 change in risk 

level 
% with Wave 2 substance 

use disorder 
aOR (95% CI) 

Very High (n=512) 
No change 3 Reference 
Decreased 1 level 0.4 0.15 (0.09-0.23) 
Decreased 2 levels 0 0.01 (0.01-0.02) 
Decreased 3 levels 0.7 0.24 (0.12-0.50) 
Became abstainer 0 ---

High (n=546) 
No change 0.5 Reference 
Decreased 1 level 0.7 1.37 (1.10-1.69) 
Decreased 2 levels 0.6 1.04 (0.81-1.33) 
Became abstainer 0 ---

Note: An aOR = 1.0 would indicate that the decrease in WHO risk drinking level did not affect the risk for 
the outcome at Wave 2. An aOR < 1.0 indicates that the decrease in WHO risk drinking level decreased 
the risk for the outcome. An aOR > 1.0 would indicate that the decrease in WHO risk drinking level 
increased the risk for the outcome. All aORs with CI ranges that do not include 1.00 are statistically 
significant. All significant aORs are in bold. 
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Summary and Conclusions
	

As summarized in Table 9, results for the “WHO very high-risk drinkers” there were significant improvement 
of function in all 6 categories examined in those who had either a WHO risk drinking reduction of 1 or 
2 levels. For “WHO high-risk drinkers” a benefit in function is evident for 3 out of our 6 outcomes is 
observed (depending on level of reduction), including the prevalence and persistence of DSM-IV alcohol 
dependence, the prevalence and persistence of impaired functioning, and a positive score on the AUDIT-C 
a screening measure that is widely used in primary care settings. Decreased prevalence of liver disease 
was also predicted by 1- or 2-level reduction in WHO risk drinking levels by Wave 2 – however, since liver 
disease was a very rare outcome in this general population sample, and the reductions in odds were only 
statistically significant in the WHO very high-risk drinking group. 

Table 9. Summary of results for non-abstinent reductions in WHO risk drinking levels by 3-year 
follow-up 

Wave 1 Very high risk drinkers (n=512) Wave 1 High risk drinkers 
(n=546) 

Outcomes 

Decreased 
1 level

 aOR (95% CI) 

Decreased 
2 levels 

aOR (95% CI) 

Decreased 
3 levels 

aOR (95% CI) 

Decreased 
1 level 

aOR (95% CI) 

Decreased 
2 levels 

aOR (95% CI) 
DSM-IV alcohol 
dependence 

0.28 
(0.19-0.42) 

0.17 
(0.11-0.28) 

0.07 
(0.05-0.10) 

0.67 
(0.56-0.80) 

0.12 
(0.09-0.15) 

SF-12v2 
functioning 

0.34 
(0.25-0.45) 

0.51 
(0.38-0.67) 

0.51 
(0.35-0.75) 

0.56 
(0.43-0.74) 

1.09 
(0.84-1.41) 

AUDIT-C 
screening scale 

0.27 
(0.20-0.36) 

0.09 
(0.07-0.12) 

0.03 
(0.02-0.04) 

0.61 
(0.54-0.69) 

0.25 
(0.23-0.29) 

Liver disease 0.34 
(0.21-0.54) 

0.23 
(0.15-0.36) 

0.17 
(0.10-0.29) 

0.71 
(0.36-1.41) 

0.63 
(0.34-1.14) 

DSM-IV 
depressive/ 
anxiety disorders 

0.42 
(0.29-0.63) 

0.37 
(0.22-0.62) 

0.67 
(0.49-0.93) 

1.32 
(1.03-1.69) 

0.70 
(0.51-0.96) 

DSM-IV 
substance use 
disorders 

0.15 
(0.09-0.23) 

0.01 
(0.01-0.02) 

0.24 
(0.12-0.50) 

1.37 
(1.10-1.69) 

1.04 
(0.81-1.33) 

Note: aOR = 1 indicates no risk; aOR < 1 indicates decreased risk; aOR > 1 indicates increased risk. aORs 
with CIs that include 1.0 are not statistically significant. Significant reductions in outcome are in bold. 

It appears that any reduction in the WHO risk drinking level by Wave 2 was associated with a significant 
decrease in the risk for a wide variety of outcomes that reflect several aspects of how individuals feel 
and function. Thus, the implications of the findings particularly for this highest risk group, arguably the 
group most in need of treatment, are that reductions in WHO risk levels can be used as valid indicators 
of improvement of how a patient might feel and function under natural conditions. As such this suggests 
that those same reductions observed in AUD clinical trials do have meaning and can be translatable to real 
world settings. 
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WHO Risk Drinking Level Reductions in an AUD Clinical Trial Sample - 
Relationship to Behavioral and Physical Function 
As shown above, a reduction of the WHO risk drinking level over time appears to be indicative of 
improvement in how people feel and function in real world/natural settings. A next step would be to 
evaluate how this same metric reflects improvements in individual functioning in AUD pharmacotherapy 
trials. ACTIVE examined the validity of reductions in WHO risk drinking levels in a very large alcohol clinical 
trial. 

Methods 

To examine the clinical relevance of reductions in WHO risk drinking levels in an alcohol clinical trial we used 
the COMBINE study data (Anton et al., 2006), a multi-site, randomized, double-blind placebo-controlled 
clinical trial conducted in the United States that evaluated the efficacy of combinations of medications 
and behavioral interventions in the treatment of alcohol dependence. To be included in COMBINE, all 
participants met the criteria for alcohol dependence based on the Diagnostic and Statistical Manual of 
Mental Disorders, fourth edition (American Psychiatric Association, 1994) and reported at least 2 heavy 
drinking days in a consecutive 30-day period within the 90 days prior to the baseline assessment. Exclusion 
criteria included the presence of another substance use disorder (other than nicotine or cannabis), a 
psychiatric disorder requiring medication, or unstable medical conditions, including serum liver enzyme 
levels that were more than 3 times the upper limit of normal. 

Participants (n=1383) were randomized using a 2 x 2 x 2 design in which they received: 1) active naltrexone 
(100 mg/day) or placebo naltrexone, 2) active acamprosate (3000 mg/day) or placebo acamprosate, 3) 
medication management with a combined behavioral intervention (CBI) or medication management (MM) 
alone, and an additional group received the CBI intervention without MM or pills. Participants completed 
follow-up assessments at the end of treatment (week 16) and at 3 post-treatment follow-ups: 10 weeks 
(week 26 after baseline), 36 weeks (week 52 after baseline), and 1 year following treatment (week 68 after 
baseline). 

COMBINE measures of WHO risk drinking levels. Daily alcohol consumption was measured using the 
calendar-based Form-90 (Miller, 1996) and Timeline Follow-Back interview (Sobell & Sobell, 1992). We 
calculated WHO risk drinking levels (see Table 1) based on participants’ reports of the number of standard 
drinks (defined as 0.6 ounces of absolute alcohol) consumed, which we converted to grams of pure alcohol 
(0.6 ounces=14 grams). Then, WHO risk drinking levels were calculated based on the average grams of 
alcohol consumed per day (i.e., drinks per day). Importantly, the WHO risk drinking level based on average 
grams per day incorporates both drinking days and abstinent days to define average alcohol consumption 
across days over a specific time period (in the current study we averaged over 1-month time periods). 
For the baseline period, we calculated the WHO risk drinking level using data from the month prior to 
screening. The final endpoint WHO risk drinking level during treatment was defined during the last month 
of treatment, assessed at week 16. 

COMBINE outcome measures. The COMBINE study also included self-report measures of several conditions 
and biological markers/laboratory results. These measures assess aspects of how participants were feeling 
and/or functioning at the post-treatment (week 16), and/or 36 weeks (week 52 post-baseline) or 52 weeks 
(week 68 post-baseline) follow-ups. Outcome measures included the following: 

1. Drinking Consequences. Drinking consequences were assessed with the Drinker Inventory of 
Consequences (DrInC; Miller, Tonigan, & Longabaugh, 1995)MD”,”title”:”The Drinker Inventory of 
Consequences (DrInC), a 50-item measure that uses a 4-level response scale (0=never, 3=daily or almost 
daily). We used the DrInC total score (based on 45 drinking consequences, excluding the 5 control items) 
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to assess alcohol-related consequences over the prior 3 months at baseline, the prior 2 months at the end 
of treatment (week 16), and the prior 4 months at the 1-year follow-up (week 68, 1-year post-treatment). 
DrInC internal consistency and reliability exceeded Cronbach’s α = 0.93 at all time periods. 

2. Mental Health Functioning. Mental health was assessed using the 12-item Short Form Health Survey 
(SF-12; Ware, Kosinski, & Keller, 1996) mental health subscale, which included 6 items assessed on a Likert-
type response scale (1=all of the time, 5=none of the time). We used T-scores (with average functioning 
of 50 and standard deviation of 10 in the general population) from the SF-12 mental health subscale, 
with higher scores indicating better mental health functioning over the past month at baseline, end of 
treatment (week 16), and the last follow-up at which the SF-12 was administered (week 52, 9 months 
following treatment).  The reliability of the SF-12 items exceeded Cronbach’s α = 0.80 at all time periods. 

3. Physical/Biological Markers. Systolic blood pressure (SBP) was assessed at each clinic visit by clinical 
staff. Blood samples for liver enzyme levels and liver cell pathology, including percent carbohydrate-
deficient transferrin (%CDT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and 
γ-glutamyltransferase (GGT), were collected at specified clinic visits. AST, ALT, and GGT are liver enzyme 
markers which typically reflect liver cell damage while %CDT is a sensitive and alcohol specific biochemical 
marker of alcohol’s effects on the protein transferrin. SBP and liver enzyme/pathology levels were included 
as biological markers of physical health that have been shown to be associated with heavy drinking and 
AUD (Baros et al., 2008; LoCastro et al., 2009; Stewart et al., 2008). SBP was examined rather than diastolic 
blood pressure (DBP) because prior research has shown SBP is more impacted by reductions in alcohol use 
than DBP (Stewart et al., 2008). Lower SBP and liver enzyme/pathology levels are associated with more 
positive health outcomes. 

4. Quality of Life. Quality of life was assessed with the World Health Organization Quality of Life Brief 
version (WHOQOL-BREF; World Health Organization, 1998), a 25-item measure with response options 
ranging from 1 (“not at all”) to 5 (“an extreme amount”) of quality of life in four domains: physical 
health, psychological health, social relationships, and environmental quality of life. Higher scores on each 
domain indicate better quality of life with maximum possible domain scores of 35 (physical health), 30 
(psychological health), 15 (social health) and 40 (environmental domain). Scores in the COMBINE sample 
represented the full range of scores on each domain. Internal consistency reliabilities for each domain 
exceeded Cronbach’s α=.70 at all time points. 

Analysis. The method of analysis was the same for all outcomes. Data from the post-treatment assessments 
were used to examine the associations between WHO risk drinking level reduction and biopsychosocial 
indicators of clinical benefit. Regression analyses with WHO risk level reduction as an independent variable 
were conducted with the following covariates: baseline levels of the clinical outcome, sex (male=1), 
age, body mass index, smoking status (smoker=1), and WHO risk drinking level at baseline. Results are 
reported as adjusted, unstandardized regression coefficients betas (B) (with standard errors), which can be 
interpreted as the decrease in outcomes based on achieving at least the 1- and 2-level reductions, holding 
all other covariates constant. B >0.00 indicates an increase in the outcome versus the reference group, and 
B <0.00 indicates a decrease in the outcome relative to the reference group. Statistical significance of a 
B is indicated by a 95% confidence interval that does not include 0.00 between its lower and upper limit. 
The Cohen’s d effect sizes are also reported, which represent the standardized mean differences between 
groups, where d=.2 is a small effect, d=.5 is a medium effect, and d= .8 is a large effect (Cohen, 1992). 

For all analyses, we computed 2 binary variables that reflected at least 1- or 2-level reductions in the WHO 
risk drinking levels based on the reduction from baseline to the last month of treatment. The reference 
group for the 1-level reduction was no change or an increase in the WHO risk drinking level from baseline 
to the last month of treatment and the reference group for the 2-level reduction was the 1-level reduction, 
no change, or increase in the WHO risk level from baseline to the last month of treatment. This reference 
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group was chosen to be consistent with the EMA guidelines which define a responder as achieving at least 
a 2-level reduction (and thus a non-responder would someone who did not achieve those reductions). 
Individuals with missing data on the WHO risk drinking level were coded as nonresponders (e.g., no change 
or increase in WHO risk drinking level). Missing data in the outcomes were estimated using maximum 
likelihood estimation, thus all individuals were included in the regression analyses. 

Results 

The number of participants categorized at each WHO risk drinking level based on drinking during the 28 
days prior to screening and the last month of treatment were examined. At baseline, most individuals 
(69.1%) were in the “very high-risk” category and there were no abstainers. During the last month of 
treatment (month 4), 36.3% of the sample was abstinent, 39.4% categorized as “low risk” drinkers, 9.9% 
categorized as “medium risk” drinkers, 6.3% categorized as “high risk drinkers”, and 8.1% categorized 
as “very high-risk” drinkers. The binary WHO drinking risk level reduction variables were created by 
calculating the reduction in risk drinking level from baseline to the last month of treatment. The majority 
of the sample reduced WHO risk drinking by at least 1 level (n=1011, 82.5%) or at least 2 levels (n=881, 
71.9%) from baseline to the last month of treatment. 

Drinking Consequences. As shown in Table 10, individuals with at least 1-level or at least 2-level reductions 
in WHO risk level from baseline to the last month of treatment reported significantly fewer drinking 
consequences at the end of treatment and up to 1 year following treatment (all p<0.001) with large effect 
sizes reductions in drinking consequences in those with at least 1-level or at least 2-level reductions (all 
Cohen’s d>.80). As reported by Witkiewitz et al (2017), and shown in Figure 1, even a 1-level reduction in 
WHO risk drinking was associated with large and significant reductions in drinking consequences at the 
end of treatment and up to 1 year following treatment. 

Table 10. Drinking consequences by WHO risk drinking level reduction from baseline to last month of treatment 
End of Treatment (week 16) Drinking Consequences 

WHO Risk Drinking: 1 Level Reduction n Mean drinking consequences (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

35.91 (26.16) 
11.05 (16.64) 

Reference 
-26.29 (-31.66, -20.92) 

WHO Risk Drinking: 2 Level Reduction n Mean drinking consequences (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

25.30 (23.49) 
10.09 (16.16) 

Reference 
-20.76 (-23.00, -18.52) 

One Year Follow-Up Drinking Consequences 
WHO Risk Drinking: 1 Level Reduction n Mean drinking consequences (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

38.21 (27.22) 
18.13 (20.25) 

Reference 
-19.44 (-26.12, -12.77) 

WHO Risk Drinking: 2 Level Reduction n Mean drinking consequences (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

33.51 (25.43) 
16.52 (19.30) 

Reference 
-20.28 (-23.84, -16.72) 
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Figure 1. Average Drinker Inventory of Consequences (DrInC) total scores by reduction in WHO Risk level. 
Vertical bars indicate 95% Confidence Intervals (CIs). 

Mental Health Functioning. As shown in Table 11, individuals with at least 1-level or at least 2-level 
reductions in WHO risk drinking level from baseline to the last month of treatment reported significantly 
greater mental health functioning, as measured by SF-12 mental health composite T-scores (with average 
functioning of 50 and standard deviation of 10 in the general population), at the end of treatment and up 
to 9 months following treatment (all p<0.001) with medium effect sizes improvements in mental health 
functioning in those with at least 1-level or at least 2-level reductions (all Cohen’s d>.60). 

Table 11. Mental health functioning by WHO risk drinking level reduction from baseline to the last month of 
treatment (16 weeks) 

End of Treatment (week 16) Mental Health Functioning 
WHO Risk Drinking: 1 Level Reduction n Mean mental health (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

42.67 (11.37) 
50.06 (9.18) 

Reference 
7.75 (5.28, 9.82) 

WHO Risk Drinking: 2 Level Reduction n Mean mental health (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

44.97 (10.99) 
50.55 (8.89) 

Reference 
6.86 (5.51, 8.22) 

9-Month Follow-Up Mental Health Functioning 
WHO Risk Drinking: 1 Level Reduction n Mean mental health (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

43.65 (10.00) 
48.34 (10.26) 

Reference 
4.54 (3.25, 5.83) 

WHO Risk Drinking: 2 Level Reduction n Mean mental health (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

45.42 (9.79) 
48.54 (10.36) 

Reference 
4.25 (2.72, 5.78) 

Note: Higher scores indicate improvement in mental health functioning. 
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 Biological Markers. As reported in Witkiewitz et al (in press) and summarized in Table 12, individuals with 
at least 1-level or at least 2-level reductions in WHO risk drinking level, from baseline to the last month of 
treatment, reported significantly lower SBP, lower %CDT, lower AST, lower ALT, and lower GGT (all p<0.01). 
As summarized in Figure 2, there were small-to-medium effect sizes reductions in biological markers in 
those with at least 1-level or at least 2-level reductions (all Cohen’s d>.20). 

Table 12. Biological markers by WHO risk drinking level reduction from baseline to the last month of treatment 
Systolic Blood Pressure (SBP) 

WHO Risk Drinking : 1-Level Reduction n Mean SBP (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

137.77 (17.53) 
129.82 (16.56) 

Reference 
-7.87 (-11.77, -3.97) 

WHO Risk Drinking: 2-Level Reduction N Mean SBP (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

134.16 (17.03) 
129.54 (16.58) 

Reference 
-7.31 (-11.02, -3.61) 

% Carbohydrate-deficient Transferrin (%CDT) 
WHO Risk Drinking: 1-Level Reduction n Mean %CDT (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

3.68 (2.12) 
2.96 (1.81) 

Reference 
-0.65 (-0.95, -0.34) 

WHO Risk Drinking: 2-Level Reduction n Mean %CDT (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

3.52 (2.89) 
2.91 (1.72) 

Reference 
-0.73 (-1.11, -0.36) 

Aspartate Aminotransferase (AST) 
WHO Risk Drinking: 1-Level Reduction n Mean AST (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

40.88 (35.38) 
28.27 (15.99) 

Reference 
-11.56 (-20.96, -2.15) 

WHO Risk Drinking: 2-Level Reduction n Mean AST (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

36.25 (28.99) 
27.65 (14.71) 

Reference 
-9.86 (-14.17, -5.56) 

Alanine Aminotransferase (ALT) 
WHO Risk Drinking: 1-Level Reduction n Mean ALT (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

40.79 (32.34) 
30.77 (23.48) 

Reference 
-8.13 (-15.23, -1.04) 

WHO Risk Drinking: 2Level Reduction n Mean ALT (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

38.00 (28.82) 
30.08 (23.06) 

Reference 
-7.74 (-11.25, -4.22) 

γ-Glutamyltransferase (GGT) 
WHO Risk Drinking: 1-Level Reduction n Mean GGT (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

142.78 (450.92) 
43.47 (61.97) 

Reference 
-41.09 (-72.15, -10.03) 

WHO Risk Drinking: 2-Level Reduction n Mean GGT (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

86.93 (301.86) 
42.96 (63.34) 

Reference 
-23.66 (-38.28, -9.04) 
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Figure 2. WHO Risk Drinking Level Reductions from Baseline to End of Treatment Predicting End of 
Treatment Biomarkers (N=1142) for at least 1- and 2-Level WHO Risk Drinking Reduction with 95% 
Confidence Intervals. Cohen’s d indicates effect size of reduction vs. no change. 
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Quality of Life. As shown in Table 13, individuals with at least 1-level or at least 2-level reductions in WHO 
risk drinking level from baseline to the last month of treatment reported significantly greater quality of life 
across all domains at the end of treatment (all p<0.01) with small-to-medium effect sizes improvements 
in mental health functioning in those with at least 1-level or at least 2-level reductions (all Cohen’s d>.20, 
see Witkiewitz et al., in press). 

Table 13. Quality of Life by WHO risk drinking level reduction from baseline to the last month of treatment 
End of Treatment Quality of Life (QoL) 

WHO Risk Drinking: 1- Level Reduction n Mean Physical QoL (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

27.11 (4.81) 
29.37 (4.19) 

Reference 
2.21 (1.88, 2.53) 

WHO Risk Drinking: 2-Level Reduction n Mean Physical QoL (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

27.82 (4.31) 
29.50 (4.24) 

Reference 
2.20 (1.66, 2.73) 

WHO Risk Drinking: 1-Level Reduction n Mean Psychological QoL (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

21.06 (3.81) 
22.97 (4.12) 

Reference 
2.21 (1.67, 2.75) 

WHO Risk Drinking: 2-Level Reduction n Mean Psychological QoL (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

21.19 (4.45) 
23.09 (4.11) 

Reference 
2.23 (1.75, 2.72) 

WHO Risk Drinking: 1-Level Reduction n Mean Social QoL (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

10.27 (2.63) 
10.90 (2.57) 

Reference 
0.77 (0.36, 1.18) 

WHO Risk Drinking: 2-Level Reduction n Mean Social QoL (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

10.32 (2.55) 
10.93 (2.57) 

Reference 
0.83 (0.49, 1.18) 

WHO Risk Drinking: 1-Level Reduction n Mean Environmental QoL (SD) Adjusted B (95% CI) 
No change or increase 
At least 1-level reduction 

214 
1011 

28.86 (6.46) 
31.57 (5.36) 

Reference 
2.14 (1.06, 3.21) 

WHO Risk Drinking: 2-Level Reduction n Mean Environmental QoL (SD) Adjusted B (95% CI) 
1-level reduction, no change or increase 
At least 2-level reduction 

344 
881 

29.37 (6.01) 
31.82 (5.28) 

Reference 
2.33 (1.45, 3.21) 

Note: increase in score indicates improvement. 

Stability of WHO Risk Level Reductions. In addition, data from the 1-year follow-up assessment was used 
to assess stability of the WHO risk level reductions over time. Specifically, we were interested in whether 
those who achieved at least 1- and/or 2-level reductions in WHO risk level were able to maintain the 
1- and 2-level reductions at 1 year following treatment. Cross-tabulations of WHO risk levels across post-
treatment and 1-year follow-up timepoints were conducted to assess stability of WHO risk level over time. 

Results indicated that 85.5% of those who achieved at least a 1-level reduction by the end of treatment 
reported at least a 1-level reduction at 1 year following treatment (χ2 (1) =147.23, p<0.001), and 77.8% 
of those who achieved at least a 2-level reduction by the end of treatment reported at least a 2-level 
reduction by 1 year following treatment (χ2 (1) =204.50, p<0.001). Thus, there was significant stability of 
achieving the WHO risk reduction endpoints over time. 
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Summary and Conclusions 

As summarized in Table 14, at least 1- and 2-level reductions in the WHO risk drinking level were associated 
with significant improvements at the end of treatment for a variety of outcomes that reflect different 
aspects of how individuals feel and function. 

Table 14. Summary of results unstandardized regression results (B (95% CI)) on reductions in WHO risk drinking 
levels in the COMBINE Study 

Risk Drinking level reduction 

Outcomes At least 1-level reduction vs. no 
change or increase 

At least 2-level reduction vs. 1-level 
reduction, no change or increase 

Drinking Consequences -26.29 (-31.66, -20.92) -20.76 (-23.00, -18.52) 
SF-12 Mental Health Functioning 7.75 (5.28, 9.82) 6.86 (5.51, 8.22) 
Systolic Blood Pressure -7.87 (-11.77, -3.97) -7.31 (-11.02, -3.61) 
%CDT -0.65 (-0.95, -0.34) -0.73 (-1.11, -0.36) 
AST -11.56 (-20.96, -2.15) -9.86 (-14.17, -5.56) 
ALT -8.13 (-15.23, -1.04) -7.74 (-11.25, -4.22) 
GGT -41.09 (-72.15, -10.03) -23.66 (-38.28, -9.04) 
Physical Quality of Life 2.21 (1.88, 2.53) 2.20 (1.66, 2.73) 
Psychological Quality of Life 2.21 (1.67, 2.75) 2.23 (1.75, 2.72) 
Social Quality of Life 0.77 (0.36, 1.18) 0.83 (0.49, 1.18) 
Environmental Quality of Life 2.14 (1.06, 3.21) 2.33 (1.45, 3.21) 

The effects of reductions in WHO risk levels through the last month of treatment were associated with 
fewer drinking consequences and improvements in mental health through 9 months and 1 year following 
treatment (Witkiewitz et al., 2017). Reductions in WHO risk drinking levels were also stable through 1 year 
following treatment for the large majority of individuals who achieved the WHO risk level reductions. 
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Reductions in WHO Risk Drinking Levels and Health Care Costs in an Alcohol Use 
Disorder Clinical Trial Sample 
In this section we examine another important outcome—health care costs —that are of interest to 
researchers and policymakers who want to assess improved alcohol-related functioning as it might relate 
to reductions in WHO risk drinking levels observed in clinical trials. Specifically, we first estimated the 
relationship between reductions in WHO risk drinking levels during the 4 months of the COMBINE clinical 
trial (same trial used for the previous analysis) and then we evaluated the long-term effect of these WHO 
risk drinking reductions on health care costs 1-year post treatment and 3-years post randomization.  

Methods 

We used data from the COMBINE trial (Anton et al., 2006), a multi-site randomized controlled trial 
designed to measure the effectiveness of combinations of 2 pharmacological treatments—Acamprosate 
and Naltrexone—and a behavioral intervention. The COMBINE trial recruited 1,383 patients across 11 
sites. Patients received treatment for 16 weeks and provided data up through a year following treatment. 
A subset of patients (N=786 from 9 study sites) volunteered to participate in additional follow-up data 
collection for up to 3 years after randomization to support a cost and cost-effectiveness analysis called the 
COMBINE Economic Study (CES) (Zarkin et al., 2010). 

We used data from the Economic Form 90 (Bray et al., 2007) and timeline follow-back (TLFB) instruments 
(Sobell & Sobell, 1992) collected at baseline, during treatment (at weeks 8 and 16 post-randomization), 
and after treatment (weeks 26, 52, and 68). CES study subjects participated in additional interviews at 
weeks 88, 105, 122, 139, and 156. The Economic Form 90 collected demographic, socioeconomic (e.g.., 
employment, income, and criminal justice), and health care utilization data. We used unit costs for health 
care events from the peer-reviewed literature (French & Martin, 1996; Roebuck, French, & McLellan, 
2003; Zarkin et al., 2010) and inflated them to 2016 U.S. prices using the medical care consumer price 
index (Bureau of Labor Statistics, 2018). 

COMBINE measures of WHO risk drinking levels. Daily alcohol consumption was measured using the 
calendar-based Form-90 (Miller, 1996) and Timeline Follow-Back interview (Sobell & Sobell, 1992). 
Mutually-exclusive risk drinking groups were created based on sustained reductions in drinking across 
the entire 16-week treatment period: 1) no sustained risk drinking reduction, 2) sustained risk drinking 
reduction of 1 level, but not 2 or more levels, 3) sustained risk drinking reduction of at least 2 levels. A 
sensitivity analysis was conducted evaluating the WHO risk drinking reduction over different time periods 
during the trial (e.g., the last month, the last 2 months, the last 3 months of the trial). 

COMBINE Health Care Outcomes. The dependent variable in our analysis is total healthcare costs calculated 
by multiplying the number of healthcare events recorded on the Economic Form 90 by the unit cost in 
2016 U.S. dollars. The Economic Form 90 collected data on inpatient hospital stays (for behavioral and 
physical health), outpatient visits (for behavioral and physical health), and emergency department visits. 
The dependent variable for the 1-year cost analysis is the sum of total healthcare costs from the end of 
treatment (week 16) through 1-year post treatment completion. The dependent variable for the 3-year 
analysis is the sum over the entire data collection period from the end of treatment (week 16) through 
3-years post treatment completion. 

Covariates. Covariates in our analysis include demographic controls (gender, race/ethnicity, and age), 
socioeconomic controls (indicators of unemployment, marital status, and years of educational attainment), 
and health-related controls (indicators of whether participants had ever used marijuana or other illicit 
drugs and physical and psychological health domain scores from the WHO Quality of Life Instrument (The 
WHOQOL Group, 1998)). We also controlled for pre-randomization health care costs and the study site 
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where the patient received COMBINE treatment. Finally, because there was some attrition over the 3 years 
of data collection, we included in the 3-year cost models a covariate for the number of days for which each 
patient reported their costs (Aldridge et al., 2016). 

Analysis. We estimated generalized gamma regression models with a log-link function to account for 
the positive skew commonly encountered in health care cost data (Manning & Mullahy, 2001). Tests of 
the distribution and heteroskedasticity of log-scale residuals and the modified Park test as suggested by 
Manning and Mullahy (2001) confirmed that this was the proper estimation technique. The dependent 
variables in our analysis were health care costs over 1-year post-treatment and 3-years post randomization. 

For each dependent variable, we estimated models comparing health care costs for people with a 
reduction of exactly 1 level and a reduction of at least 2 levels to those with no shift or an increase in 
risk. We estimated the models with heteroskedasticity-consistent standard errors (White, 1980). We also 
present model-predicted average costs per reduction group and percent differences in cost relative to 
the reference group. We estimated this model for 4 time periods: the entire 4-month treatment period, 
the last 3 months of treatment (i.e., excluding the first month), the last 2 months of treatment, and the 
last month of treatment only. We considered different time periods to explore the extent to which our 
findings are sensitive to the period over which post-treatment initiation risk drinking is measured. One 
motivation for dropping the first months of treatment is to provide a “grace period” under the assumption 
that treatment might not be immediately effective (see also Aldridge et al., 2016; Witkiewitz et al., 2017 
who look at drinking only in the last month of treatment.)  

Results 

For 1-year post-treatment, there is no statistically significant association between health care costs and a 
sustained 1-level reduction of WHO risk drinking; however, we find that sustaining a risk drinking reduction 
of at least 2 levels over the course of either the entire 4-month treatment period, the last 3 months or the 
last 2 months is associated with a significant reduction in health care costs relative to subjects who do not 
sustain a risk drinking shift (Table 15, column 1 – 3). While the magnitude and significance of the results 
are barely affected by dropping the first 1 or 2 months of treatment, we find that the effect is diminished 
when only the last month of treatment is considered – compare the 52.3% lower health care costs for a 
sustained at least 2-level shift over the 4-month treatment period (p < 0.001) to a 31.7% reduction for 
those who sustained the same reduction for the last month of treatment only (p = 0.10). 

For 3-years post-randomization, the magnitude and significance of the associations are slightly diminished, 
consistent with the attenuation demonstrated in previous analyses (e.g., Aldridge et al., 2016). One notable 
difference between the 1- and 3-year analyses is that the association between sustaining only a 1-level risk 
reduction and health care costs is significant (Table 14, column 5; p <0.05). This may be explained by the 
fact that the group that sustains a 1-level shift but not a 2-level shift is the smallest (N=132 in the 1-year 
analysis; N=87 in the 3-year analysis) and likely sensitive to small fluctuations brought on by the exclusion 
of some subjects in the 3-year analysis. Note that the magnitudes of the coefficients are similar. 
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Table 16 presents the predicted costs for the WHO risk drinking groups. The difference in 1-year post-
treatment costs among those who sustain at least a 2-level shift over the 4-month treatment period 
compared to those who do not sustain a shift is $2,188, 52.3% of the estimated costs for those who 
do not sustain a shift (Table 15, column 1, $4,182 vs $1,994). The difference in costs over 3-years post-
randomization for the same drinking reduction group is $4,966, 44.0% of the estimated costs for those 
who do not sustain a shift (Table 15, column 5, $11,287 vs $6,321). The predicted reductions in costs for 
those who sustain a 2-level reduction in the final 3, 2, and 1 months of the trial are similar in magnitude. 
The estimated reductions at 1-year for those who sustain a 2-level reduction in the final 3, 2, and 1 months 
of the trial are $1,959 (49.3%), $1,624 (42.9%), and $1,095 (31.7%), respectively. At 3 years, the estimated 
reductions in costs are $5,077 (44.7%), $5,351 (45.6%), and $2,957 (30.5%). 

Table 15. Estimated reductions in healthcare costs by alternative periods of sustained reductions in 
WHO risk levels 

1 Year Post-Treatment 3 Years Post-Randomization 

All 4 

Months 

Last 3 
Months 

Last 2 
Months 

Last 1 

Month 

All 4 

Months 

Last 3 
Months 

Last 2 

Months 

Last 1 
Month 

Sustained 
WHO 1-level 
but not 2-level 
reduction 
throughout 
part of 
treatment 
period (ref: did 
not sustain a 
risk drinking 
reduction) 

-0.3682 -0.1971 -0.1837 -0.2997 -0.4283* -0.3341 -0.3041 -0.1767 
(0.2320) (0.2553) (0.2625) (0.2968) (0.2185) (0.2342) (0.2492) (0.2859) 

[-30.8%] [-17.9%] [-16.8%] [-25.9%] [-34.8%] [-28.4%] [-26.2%] [-16.2%] 

Sustained 
at least 
WHO 2-level 
reduction 
throughout 
part of 
treatment 
period (ref: did 
not sustain a 
risk drinking 
reduction) 

-0.7406*** -0.6785*** -0.5602** -0.3819 -0.5798** -0.5925** -0.6097** -0.3632 
(0.1901) (0.1987) (0.2123) (0.2329) (0.1915) (0.2046) (0.2190) (0.2472) 

[-52.3%] [-49.3%] [-42.9%] [-31.7%] [-44.0%] [-44.7%] [-45.6%] [-30.5%] 

Observations 964 964 964 964 651 651 651 651 
Coefficients and robust standard errors in parentheses from Gamma GLM with log link. Percentage difference 
from reference category in brackets, calculated as exp(coefficient)-1. Each column reflects an individual model in 
which the length of period of a sustained shift is reduced. Models control for demographic and socioeconomic 
characteristics, health status, baseline risk drinking, and study center.   

WHO risk levels based on average drinks per day. 
* p<0.05, ** p<0.01, *** p<0.001 
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Table 16. Predicted healthcare costs based on the estimated model 
1 Year Post-Treatment 3 Years Post-Randomization 

All 4 
Months 

Last 3 
Months 

Last 2 
Months 

Last 1 
Month 

All 4 
Months 

Last 3 
Months 

Last 2 
Months 

Last 1 
Month 

Did not sustain 
a risk drinking 
reduction 

$4,182 $3,977 $3,787 $3,450 $11,287 $11,358 $11,723 $9,710 

Sustained WHO 
1-level but not 
2-level reduction 
throughout part of 
treatment period 

$2,893 $3,265 $3,151 $2,557 $7,355 $8,132 $8,649 $8,137 

(-30.8%) (-17.9%) (-16.8%) (-25.9%) (-34.8%) (-28.4%) (-26.2%) (-16.2%) 

Sustained at 
least WHO 
2-level reduction 
throughout part of 
treatment period 

$1,994 $2,018 $2,163 $2,355 $6,321 $6,281 $6,372 $6,753 

(-52.3%) (-49.3%) (-42.9%) (-31.7%) (-44.0%) (-44.7%) (-45.6%) (-30.5%) 

Predicted costs by WHO level reduction group based on models with percentage differences in parentheses from 
the reference group (no sustained drinking reduction). 

Summary and Conclusions 

There is strong evidence that sustained reductions in WHO risk drinking levels through the 4 months of 
COMBINE treatment are associated with statistically significant and meaningfully lower health care costs 
post-treatment. One-year post-treatment we find that sustaining at least a 2-shift reduction is associated 
with 52.3% lower health care costs (p < 0.001) and that sustaining a 1-shift but not a 2-shift reduction in 
risk levels is associated with 30.8% lower health care costs (not statistically significant). The estimated 
relationship between health care costs and reductions in drinking risk levels was generally similar for the 
last 2 and 3 months of treatment but was smaller in magnitude and not statistically significant when only 
the last month of treatment is considered.  

We note that the COMBINE study required participants to be abstinent from alcohol for at least 4 days 
before randomization. In such a study, sustained reductions in drinking from the outset of treatment 
may be meaningful; however, for other studies which do not require pretreatment abstinence and 
for medications where the effects may not be immediate, it might take some time before a stable and 
sustained reduction (WHO risk drinking level reduction) to occur and translate into stable reductions in 
health expenditures. Higher success rates based on sustained reductions in risk drinking during the later 
months of the treatment could encourage sustained participation in treatment. 

We found that our estimated associations generally persist when costs incurred up to 3 years post-
randomization are included with some attenuation observed in the magnitude and significance of the 
estimated effects. 
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Reductions in WHO Risk Drinking Levels as Outcomes in Alcohol 
Pharmacotherapy Trials 
The above data has supported the idea that a reduction in WHO risk drinking level over time, in the general 
population or during the course of treatment, are associated with improvements in how individuals with 
AUD “feel and function” and reductions in health costs. A crucial additional issue was to evaluate how 
sensitive the WHO 1- and 2-level risk drinking reductions are to medication treatment effects in clinical 
trials, i.e. can these reductions capture medication efficacy over placebo in a statistically reliable manner? 
This is an important question from the perspective of clinical trial sponsors and patients alike. Ideally, one 
would like to determine if the treatment effect sizes (i.e., the magnitude of difference between medication 
and placebo on the outcome of interest) obtained using the WHO outcomes are at least comparable to 
those obtained using the current FDA-recommended drinking outcomes of “abstinence” and “no heavy 
drinking days”. In one published study, a WHO 2-level risk drinking reduction differentiated the drug 
nalmefene from placebo in Phase III trials of alcohol dependence among individuals with baseline WHO 
“high or very high-risk” levels (Aubin 2015). However, these outcomes were not contrasted with the FDA-
recommended endpoints.   

To address these issues, the ACTIVE conducted secondary data analyses of the WHO 1- and 2-level risk 
drinking reduction outcomes to evaluate their sensitivity in distinguishing between active medication and 
placebo in 3 multisite alcohol pharmacotherapy trials. Response rates and medication effect sizes for WHO 
risk drinking reduction outcomes were compared with those for the current FDA-recommended outcomes. 

Methods 

Data were from 3 multisite, randomized, double-blind placebo-controlled alcohol dependence 
pharmacotherapy trials in which the active medications were superior to placebo in reducing alcohol 
consumption: 

• COMBINE Study: (N=1383; Phase IV, 11 sites; 2001-2004) focusing on the naltrexone arms without 
a comprehensive behavioral therapy (n=607) 

• Varenicline: (N=200; Phase II, 5 sites; 20011-2012) testing varenicline tartrate (2 mg/d) 

• Topiramate: (N=371; Phase III, 17 sites; 2004-2006) testing oral topiramate (300 mg/d) 

In the COMBINE trial, participants were required to abstain from alcohol for at least 4 days prior to 
randomization, whereas in the other trials, participants could drink up to randomization. Participants in 
all 3 trials were mainly middle-aged, white, men. The majority consumed alcohol at the Very-High or 
High-risk levels. These demographic and alcohol consumption profiles are typical in AUD clinical trials, 
suggesting that the results could be expected to generalize to other AUD trials with similar profiles. 

Measures of WHO Risk Drinking Levels. All trials measured daily alcohol consumption using the calendar-
based Form-90 (Miller, 1996) and Timeline Follow-Back interview (Sobell & Sobell, 1992). WHO risk drinking 
levels (Table 1) were calculated based on average grams of pure ethanol consumed per day (which includes 
zero for abstinent days) during 28-day periods before and during treatment. The WHO 1- and 2-level risk 
drinking reduction outcomes were defined as the percentage of participants who decreased by at least 1 
or 2 risk drinking levels, respectively, from baseline to the last 4 weeks of treatment (used in Table 16) or 
each month of treatment (used in Figure 3). For the 1-level reduction outcome, this included participants 
who reduced from Very High to High risk (or below); High to Medium risk (or below); and Medium to Low 
risk (or below). For the 2-level¬ reduction outcome, this included participants who reduced from Very High 
to Medium risk (or below); High to Low risk (or below); and Medium risk to Abstinence. 
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Measures of Other Endpoints. Abstinence and no heavy drinking days were computed for the same time 
periods. Abstinence was defined as no drinking during the month. No heavy drinking days was defined 
as never consuming 4 or more standard drinks (women) or 5 or more standard drinks (men) on any day 
during the month, with a standard drink containing 14 grams of ethanol. 

Analysis. To facilitate the comparison of treatment effects (i.e., difference in prevalence rates obtained 
using the various drinking outcomes), a metric called Cohen’s h was used. The size of the treatment effect 
using this metric can be interpreted as: small=0.20, medium=0.50, and large=0.80. The number needed 
to treat (NNT), another measure of size of the treatment effect, was also used. NNT is defined as the 
number of patients needed to be treated with the medication for 1 patient to be a responder on the given 
outcome compared with the control; lower NNT is indicative of a larger treatment effect size. Participants 
with any missing drinking data within a given 28-day period were considered “non-responders.” We also 
performed a sensitivity analysis in which missing data were not imputed. 

Results 

Response Rates and Treatment Effect Sizes (last 4 weeks of treatment; Table 16). Across trials, the 
percentage of participants in the active condition achieving each measure of success during the last 4 
weeks of treatment was lowest for abstinence (7%-35%), followed by no heavy drinking days (21%-51%), 
the WHO 2-level reduction (45%-75%), and WHO 1-level (55%-83%) reduction outcomes.  

Across the trials, the size of the treatment effects and NNT for the WHO 1- and 2-level risk drinking reduction 
outcomes were as large or larger than outcomes currently accepted by the FDA (abstinence or no heavy 
drinking days). The naltrexone treatment effect for the WHO 2-level reduction outcome was greater than 
for abstinence, no heavy drinking days, and the WHO 1-level reduction. The varenicline treatment effect 
for the WHO 1- and 2-level reduction outcomes was larger than for either abstinence or no heavy drinking 
days. There was a slightly larger treatment effect for the WHO 1-level reduction than the 2-level reduction 
outcome. The topiramate treatment effect for the 2-level reduction outcome was comparable to that for 
no heavy drinking days, but smaller than for abstinence. The treatment effect for the 1-level reduction was 
the smallest of the outcomes. 
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Table 16. Treatment Effects for Traditional and WHO Risk Drinking Level Reduction Definitions of Response 
during the Last 4 Weeks of Treatment 

Trial (N) Responder 
Outcome 

Placebo 
% Medication % h (95% CI) NNT (95% CI) 

Naltrexone 
(n=288); 
Placebo 
(n=302) 

Abstinent 28% 35% 0.142 
(-0.020 – 0.303) 

16 
(111.9 [H] to ∞ to 7.1 [B]) 

No heavy 
drinking days 44% 51% 0.140 

(-0.021 – 0.302) 
15 

(96.2 [H] to ∞ to 6.6 [B]) 
WHO 2-level 
reduction 65% 75% 0.214 

(0.053 – 0.375) 
11 

(5.8 [B] to 41.4 [B]) 
WHO 1-level 
reduction 79% 83% 0.116

 (-0.046 – 0.277) 
23 

(55.7 [H] to ∞ to 9.2 [B]) 

Varenicline 
(n=96); 
Placebo 
(n=101) 

Abstinent 4% 7% 0.146 
(-0.133—0.426) 

30 
(32.6 [H] to ∞ to 10.3 [B]) 

No heavy 
drinking days 15% 24% 0.232 

(-0.048—0.511) 
11 

(54.3 [H] to ∞ to 5.0 [B]) 
WHO 2-level 
reduction 42% 55% 0.273 

(-0.006—0.553) 
8 

(486.2 [H] to ∞ to 3.6 [B]) 
WHO 1-level 
reduction 54% 70% 0.338 

(0.058—0.617) 
7 

(3.4 [B] to 34.3 [B]) 

Topiramate 
(n=179); 
Placebo 
(n=185) 

Abstinent 3% 12% 0.369a 
(0.163—0.574) 

12 
(7.0 [B] to 26.2 [B]) 

No heavy 
drinking days  13% 21% 0.207 

(0.002—0.413) 
13 

(6.5 [B] to 1581.1 [B]) 
WHO 2-level 
reduction 34%  45% 0.230 

(0.024—0.435) 
9 

(4.7 [B] to 81.8 [B]) 
WHO 1-level 
reduction 54%  55% 0.014 

(-0.192—0.219) 
144 

(10.5 [H] to ∞ to 9.2 [B]) 

Note: Missing drinking data were imputed as non-responders for all outcomes. H=Number Needed to Harm, B=Number 
Needed to Benefit, WHO = World Health Organization. The WHO 1- and 2-level reduction outcomes represent the 
percentage of participants that reduce by 1 or more and 2 or more WHO risk drinking levels, respectively. 

For Cohen’s h, 95% confidence intervals (CI) that do not include zero are statistically significant, p<0.05. For NNT, 
statistically significant estimates are indicated by CIs with lower and upper bounds both expressed as Number Needed 
to Benefit (B). Nonsignificant estimates are indicated by CIs with a lower bound expressed as Number Needed to 
Harm (H) - indicating less efficacy in the medication than placebo group - and an upper bound expressed as B; infinity 
is included in the confidence interval because NNT is infinity when the absolute risk reduction is 0. 

At first glance, the Cohen’s h for the abstinence outcome in the topiramate trial is larger than might be expected 
given there is only a 9% difference between topiramate and placebo. Indeed, one artifact of using Cohen’s h is that it 
gets disproportionately bigger for a given prevalence difference when one of the prevalence rates is very small. Here, 
it was the rate of abstinence in the placebo group that was very small (3%). 
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Treatment Effects by Month. As shown in Figure 3, treatment effects for all outcomes were generally smallest 
in the first month and increased in later months. Because participants in these trials (and individuals with 
AUD generally) typically have a long history of habitual heavy drinking, treatment providers and patients 
may reasonably expect that maximal drinking reductions may take 1 or more months to emerge, even with 
efficacious treatments. 

Figure 3. Treatment effects (Cohen’s h) for Responder Outcomes by Treatment Month 

Note: Missing drinking data were imputed as non-responders for all outcomes. 

Summary and Conclusions 

Overall, outcomes based on reductions in WHO risk drinking levels, measured in grams of ethanol per 
day, performed well in 3 large multisite alcohol pharmacotherapy trials—reductions of 1 and 2 levels 
differentiated medication effects as well, or better than, outcomes of abstinence and no heavy drinking 
days. However, the 2-level reduction may have some advantages over the 1-level reduction. Specifically, 
the 2-level reduction produced larger effect sizes in 2 of 3 trials and had less variable and lower NNTs 
across studies (8-11 vs. 7-144). 

In addition, the higher percentage of patients classified as responders using the WHO risk drinking 
reduction outcomes could lead to greater optimism about the value of treatment by patients and 
providers. For example, in the varenicline trial, 55% of participants experienced a clinically meaningful 
reduction in drinking (WHO-2 shift) versus only 7% who achieved abstinence, data that clinicians could use 
to encourage individuals to engage pharmacotherapy to assist in successful treatment. 
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Stability of the WHO Risk Drinking Reduction Outcomes in a 6-Month Clinical 
Trial 
The FDA currently recommends a 6-month duration for phase 3 alcohol pharmacotherapy trials, however, 
most phase 2 clinical trials conducted to date were 3-4 months in duration. One question involves how 
stable the WHO 1- and 2-level risk drinking reduction outcomes are over the course of a longer (6-month) 
clinical trial and how this might inform trial length considerations required by the FDA for Phase III 
registration. To answer this question, we conducted a secondary data analysis of a recent NIAAA-sponsored 
6-month multisite clinical trial evaluating the safety and efficacy of the medication, Horizant (gabapentin 
enacarbil), for the treatment of AUD (n=338) (primary manuscript under review in Alcoholism: Clinical and 
Experimental Research). 

Methods 

We computed WHO 1- and 2-level risk drinking reduction outcomes for each month during the 6-month 
treatment period. For this analysis the dependent variable was the WHO 1- or 2-level risk drinking 
reduction outcome from baseline to month 6 of the trial. We then examined how well the same WHO 
outcomes calculated in earlier Months 1-5 agree with the outcome at Month 6 . To formally quantify the 
level of agreement between each previous month and Month 6, we use a metric called kappa (k). A high 
k indicates substantial agreement between months, i.e. participants who were successful in attaining the 
WHO outcome in an early month (e.g., month 3) were also successful in attaining the WHO outcome in 
month 6, and participants who were unsuccessful in attaining the WHO outcome in an early month (e.g., 
month 3) were also unsuccessful in attaining the WHO outcome in month 6. 

Results 

In Figures 4 & 5 (below), we can see that by Month 3 there is already substantial agreement with Month 
6 for both the WHO 1- and 2-level risk drinking reduction outcomes. Thus, it could be indicated that these 
outcomes stabilize by Month 3 and were sustainable through Month 6 (end of the trial). 

Figure 4: Figure 5: 

Summary and Conclusions 

This analysis shows that the WHO risk drinking reduction outcome is sufficiently stable by month 3-4 to 
suggest that trials of this length, using a WHO risk drinking outcome, might be considered for regulatory 
guidance. It is our opinion that a 3-4 month trial, compared to a 6-month trial for instance, would be more 
acceptable to clinical-trial participants thereby leading to higher adherence rates. Trials of 3-4 months 
would also be more cost-effective and less burdensome for medication development plans, leading to 
more drug development for AUD. 
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Review of Important Points and Observations: 
	Alcohol Use Disorder is highly prevalent and costly to our society, leading to great suffering and 
disability. 

	There have been only 3 drugs and 1 variant administration approved by the FDA in the last 60 
years with the last one being over 12 years ago. 

	It is becoming more apparent that many individuals do not seek treatment because of conservative 
treatment goals such as “complete abstinence”. 

	There is growing data to suggest that a reduction in alcohol consumption is both more acceptable 
to individuals seeking treatment, can improve function, and reduce disease burden. 

	Recently a new metric for measuring drinking reduction, the WHO risk drinking level change 
has been accepted in other countries, such as the EMA in Europe, as one potential endpoint of 
improvement in AUD trials. 

	Both epidemiological and clinical trial samples show that a 1 or 2 level change in WHO risk drinking 
level is associated with improvements across an array of diagnostic, mental health, and physical 
functions, as well a reduction in health care costs.. 

	A reduction in WHO risk drinking level endpoint in clinical trials is able to distinguish efficacy of 
active medication from placebo in a reliable and statistically appropriate manner, and at a level 
equal to, or comparable with, currently FDA guided endpoints of “abstinence” and “no heavy 
drinking days”. 

	Initial data suggests that the WHO risk drinking level reduction stabilizes around 3-4 months of a 
clinical trial, providing support for a shorter AUD clinical trial length than the currently FDA guided 
6-month duration. 

	Many more subjects would meet “success criteria” using the WHO risk drinking reduction metric 
thereby encouraging treatment seeking, monitoring, and long term treatment for this relapsing 
and costly illness. This has large public health consequences including likely health care cost 
savings. 
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