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Background—~Unhealthy alcohol use may be particularly detrimental among individuals living
with HIV and/or HCV, and is often under-reported. Direct biomarkers of alcohol exposure may
facilitate improved detection of alcohol use.

Methods—We evaluated the association of alcohol exposure determined by both self-report
(Alcohol Use Disorders Identification Test-Consumption [AUDIT-C]) and a direct biomarker
(phosphatidylethanol [PEth]), with mortality among HIV-infected and uninfected in the VACS-
Biomarker Cohort. We considered PEth <8 ng/mL to represent no alcohol use. Alcohol exposure
by AUDIT-C scores (0, 1-3/1-2 (men/women), 4—7/3—7 (men/women), 8-12) and PEth (<8, >8)
were combined into categories to model the relationship of alcohol with mortality. Participants
were followed from blood collection date for five years or until death within five years.

Results—The sample included 2344 (1513 HIV+; 831 uninfected) individuals, 95% men. During
a median follow-up of five years, 13% died. Overall, 36% were infected with HCV (40% HIV
+/HCV+, 27% HIV-/HCV+). Overall, 43% (1015/2344) had AUDIT-C=0 (abstinence). Of these,
15% (149/1015) had PEth =8 suggesting recent alcohol exposure. Among those with AUDIT-C=0,
HCV+ individuals were more likely to have PEth =8. After controlling for age, sex, race, HIV,
HCV and HIV viral suppression, those with AUDIT-C=0 but PEth =8 had the highest risk of
mortality (adjusted hazard ratio 2.15, 95%CI: 1.40, 3.29).

Conclusions—PEth in addition to self-report may improve detection of alcohol use in clinical
settings, particularly among those at increased risk of harm from alcohol use. Individuals infected
with HCV were more likely to under-report alcohol use.

Keywords
HIV; HCV; Alcohol; Mortality; AUDIT-C; Phosphatidylethanol

INTRODUCTION

Unhealthy alcohol use carries a risk of adverse health and social consequences and is a
major public health issue.22 It is common among individuals infected with HIV (HIV+)
and/or hepatitis C virus (HCV+) and may be particularly detrimental in these populations.3%
The potentially high susceptibility to harm from unhealthy alcohol use may be related to its
known association and negative impact on HIV medication adherence,* disease
progression,’-8 risk of hepatic disorders,39 and exacerbation of other effects of HIV
infection.”10 Unhealthy alcohol use is linked to harmful health consequences and
mortality.>-12 A clear dose-dependent relationship between levels of heavy drinking and all-
cause mortality has been reported.12:13

Despite the known health impacts of unhealthy alcohol use, accurate characterization of the
spectrum of alcohol exposure is challenging.141° To assess alcohol consumption among
patients and study participants, health care providers and researchers typically rely on self-
reported measures. However, likely due to social desirability bias, alcohol consumption is
frequently under-reported, especially among populations such as HIV+ or HCV+ individuals
for whom alcohol use is discouraged.16:17 Reliance on self-report is an important limitation
in many alcohol studies;1418 however, it remains the standard method for characterizing
exposure in clinical settings.14 The Alcohol Use Disorders Identification Test-Consumption
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(AUDIT-C) questionnaire is widely used to screen for self-reported alcohol
consumption1920 and has been validated in multiple settings.19-2

To address the biases associated with self-report, several alcohol biomarkers have been
evaluated to objectively assess alcohol use.22 Phosphatidylethanol (PEth) is a direct
metabolite of alcohol consumption formed from phosphatidylcholine by the action of the
enzyme phospholipase D, and can detect alcohol exposure up to three weeks following
consumption.22-25 PEth performs relatively well compared to other established alcohol
biomarkers because it is both highly sensitive (ranging from 85% to 99%) and specific
(almost 100%).28:27 |t does not appear to be affected by age, sex, other ingested substances
or non-alcohol-associated diseases.24 However, it can vary between persons consuming the
same amount of alcohol, likely due to differences in alcohol metabolism.28 In settings in
which under-reported alcohol use is common, the high specificity of both PEth and self-
report have been used in combination (considered positive if positive on either measure) to
increase sensitivity.29

Our primary objective was to evaluate the association between alcohol consumption,
determined using a combination of AUDIT-C and PEth, and all-cause mortality, among a
cohort of HIV-infected and uninfected comparators. The secondary objectives were to: 1)
evaluate the level of agreement between the alcohol measures; and 2) determine whether
HIV or HCV status were associated with under-reporting of alcohol.

METHODS

Study Design, Setting and Participants

We used data from the Veterans Aging Cohort Study (VACS), an ongoing longitudinal
cohort study with the aim of understanding the role of alcohol use on health. All HIV+
individuals receiving care in the Veterans Affairs (VA) Healthcare System are included plus
an age-, race-, and site-of-care matched control group without HIV infection. In addition to
full electronic health record data, a sub-set of consented patients also provide survey data on
alcohol use and other behaviors. Detailed information about VACS has been reported
elsewhere.30:31 The Institutional Review Boards of the participating VA sites and the
coordinating center approved the VACS.

The present study was restricted to 2344 VACS survey participants (1513 HIV+ and 831
uninfected) who consented to be included in a tissue repository sub-study (VACS-Biomarker
Cohort [VACS-BC]), provided blood specimen between 2005-2007, as previously
described,32:33 and for whom PEth assay was available. Analyses were performed only
among participants for whom complete AUDIT-C survey data characterizing self-reported
alcohol consumption in the past year were available. Participant baseline was defined as the
date of collection of the blood specimen.

Main Outcome

The primary outcome was all-cause five-year mortality. Participants were followed for five
years after their baseline date or until death within five years. Deaths during follow-up were
ascertained from the VA vital status file which uses multiple sources including: (i) the
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Patient Treatment File, which records hospital deaths in the VA healthcare system; (ii) the
Beneficiary Identification Records Locating System, which tracks VA death benefits; (iii)
the Medicare Vital Status File, containing vital statistics records including death information
on all Medicare beneficiaries; and (iv) the Social Security Death Master File, containing
information on deceased persons that is typically collected in connection with filing of
benefits by family members.

Primary Explanatory Variable

Our primary explanatory variable was alcohol exposure, which was characterized using two
different alcohol exposure measures, separately and combined: (i) self-reported AUDIT-C;
and (ii) PEth. AUDIT-C data were collected as part of a confidential self-administered
survey conducted at VACS enrolment and during annual follow-ups. PEth assays were
performed on dried blood spot samples by United States Drug Testing Laboratories
(USDTL), in Des Plaines, IL, using a previously reported method.3* A positive PEth
(measuring phosphatidylethanol species 16:0/18:1) indicates alcohol exposure for up to
approximately 21 days prior to sample collection.22:35

Alcohol Exposure Categories

AUDIT-C consists of the first 3-items on the 10-item AUDIT survey that asks about quantity
and frequency of alcohol consumption as well as the frequency of heavy episodic drinking.
Details of the questions and possible responses have been described previously.1* Responses
to each of the 3-items are assigned 0 to 4 points. Summing points for the 3-items in AUDIT-
C results in a score total ranging from 0 to 12, with higher scores reflecting greater severity
of alcohol use.3¢ Since the recommended AUDIT-C threshold for unhealthy alcohol use
differs between men (= 4) and women (= 3),20 we categorized self-reported alcohol
consumption in the past year according to AUDIT-C using the following cutoffs: 0 (no
alcohol use/“abstinence”); 1-3 for men/1-2 for women (lower risk drinking); 4-7 for
men/3—7 for women (at-risk drinking); and 8-12 (high risk drinking).

There is currently no established PEth level for acceptable lower risk alcohol intake,24:26
although a level of =8 ng/mL, the lower limit of quantitation is commonly used as an
indicator of any alcohol use in the prior 21 days.16:37-39 As PEth 8 ng/mL represents the
lower threshold at which the assay can reliably quantify alcohol exposure,3* we considered a
PEth <8 ng/mL to represent no alcohol use and created two PEth levels (<8 versus =8
ng/mL) accordingly. We also considered a PEth variable with 3 levels (<8, 8-49, and =50),
as PEth of =50 has been considered to indicate unhealthy alcohol use.

We further categorized alcohol exposure combining AUDIT-C and PEth measures. We show
characteristics and mortality rates by all AUDIT-C/PEth categories in tabular form. In our
approach to modeling, we prioritized any alcohol use based on self-reported AUDIT-C over
PEth because AUDIT-C assesses alcohol use over the past year whereas PEth detects alcohol
use for only up to 3 weeks. We therefore used a combined AUDIT-C/PEth measure only
among individuals who self-reported abstinence (AUDIT-C= 0). The final alcohol exposure
categories were: (i) AUDIT-C = 0 and PETH <8 (self-reported abstinence with negative
PEth); (ii) AUDIT-C = 0 and PETH =8 (self-reported abstinence with positive PEth); (iii)
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AUDIT-C = 1-3 for men/1-2 for women (lower risk drinking); (iv) AUDIT-C = 4-7 for
men/3-7 for women (at-risk drinking); and (v) AUDIT-C = 8-12 (high risk drinking).

Primary covariates included age, sex, race/ethnicity, HIV, HCV antibody status, and HIV
viral suppression. Age at blood draw was used as both a categorical (< 50, 50-64, and = 65
years) and a continuous variable. Race was classified as African-American, White, and
Hispanic/Other (includes other race not already classified). HI\V+ status was confirmed
during enrolment at the VA sites. HCV infection was defined based on a positive HCV
antibody test, detectable HCV RNA or at least one inpatient and/or two outpatient ICD-9
code.40 Plasma HIV RNA of < 500 copies/mL was used to define viral suppression.
Additional covariates included smoking status (never/past/current), injection drug use in the
past year (yes/no), and having at least some college education (yes/no), all of which were
collected on the VACS surveys.

Statistical Analysis

Sample characteristics were assessed descriptively using chi-square tests for categorical
variables and ztests or Wilcoxon rank-sum tests for continuous variables. We compared
agreement between self-report and PEth-detected alcohol exposure by summarizing PEth
(proportion =8 ng/mL, mean and median) by AUDIT-C for HIV+ and uninfected. Of those
self-reporting abstinence (AUDIT-C=0), we compared the proportion with positive PEth by
HIV and HCV status, using chi-square tests.

We calculated cumulative incidence of mortality over the 5-year follow-up period and
compared across alcohol measures. We fit Cox proportional hazards models for time to
death and estimated mortality hazard ratios with 95% confidence intervals (CI) first using
AUDIT-C as the only alcohol metric, adjusted for age, sex, race/ethnicity, HIV, HCV, and
viral suppression (these variables were identified a priori and are commonly associated with
mortality). We used the lower risk drinking category (AUDIT-C = 1-3 for men/1-2 for
women) as the reference group as this has been suggested to be an ideal comparison group
for studying the effect of alcohol on health outcomes.*! We then refit the model using the
combined AUDIT-C/PEth alcohol exposure categories, and used the likelihood ratio test to
determine whether model fit improved. We further adjusted for smoking status, injection
drug use in the past year, and having at least some college education.

To address potential concern about differences in timing between the PEth blood draw date
and the AUDIT-C date, we restricted the dataset to 682 individuals with blood draw on the
same day or within 21 days prior to the AUDIT-C date and re-ran all analyses on this
restricted sample.

All statistical analyses were performed using Stata, version 14.2 (StataCorp, College Station,
Texas).
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Demographics and Sample Characteristics

Association

Of 2656 VACS-BC participants (1721 HIV+; 935 uninfected) with PEth data (1529 HIV+;
836 uninfected), a total of 2344 participants (1513 HIV+ and 831 uninfected) also had
complete AUDIT-C data and were included in the final sample of this study. The median age
at blood draw was 52 and 53 years among HIV+ and uninfected individuals, respectively.
Over half the sample were aged 50 to 64 years, 95% were men, 70% had at least some
college education, 36% had hepatitis C infection, 27% were current smokers, and 9%
reported using 1V drugs in the past year (Table 1). Approximately two-thirds of the 1513
HIV+ participants had suppressed viral load (< 500 copies/mL) at blood collection date.
Characteristics of the restricted sample were very similar to those of the full sample. The
median time between blood draw (PEth measurement) and AUDIT-C survey date was 46
days (251, 75t percentile: 0, 222) for the entire sample (n= 2344). For the restricted sample
(n=682), the median time between dates was 0 days (25!, 75t percentile: 0, 0), and 91%
had a blood draw and AUDIT-C survey on the same day.

For both HIV+ and uninfected, AUDIT-C characterized a higher proportion of individuals as
alcohol exposed (AUDIT-C >0) compared to PEth (=8 ng/mL) (58% vs. 36% for HIV+;
55% vs. 38% for uninfected). Additionally, AUDIT-C characterized a higher proportion of
individuals as drinking unhealthy levels of alcohol (AUDIT-C =4 for men/3 for women)
compared to (PEth =50) (23% vs. 17% for HIV+; 26% vs. 21% for uninfected) (Table 1).
Comparing AUDIT-C and PEth, the proportion with positive PEth (i.e. =8 ng/mL) increased
as AUDIT-C increased. Among those who reported alcohol use (AUDIT-C>0), median PEth
increased with increasing AUDIT-C (Table 2). Approximately 43% (1015/2344) of
participants self-reported past-year abstinence (AUDIT-C=0). However, 15% (149/1015) of
these individuals had PEth =8 ng/mL suggesting very recent alcohol consumption (Table 2).
Similarly, in the restricted sample 43% (291/682) reported abstinence, and 12% of these
(33/291) had PEth =8 (Table 2), thus corroborating results from the full sample.

Patterns of AUDIT-C and PEth by HIV and HCV status are shown in Figure 1. Among those
who self-reported abstinence, the proportion with PEth =28 ng/mL was similar by HIV status
(14.5% for HIV+; 15.0% for uninfected), but differed by HCV status; a higher proportion of
those with HCV had PEth =8 ng/mL compared to those without HCV (18% vs. 11%, P=.009
for HIV+ and 21% vs. 13%, P=.039 for uninfected) (Figure 1a). Results were similar in the
restricted sample, though not statistically significant. Among those who self-reported
abstinence, a higher proportion of those with HCV had PEth =8 ng/mL compared to those
without HCV (16% vs. 9% for HIV+ and 17% vs. 9% for uninfected) (Figure 1b).

of Alcohol Exposure with Mortality According to AUDIT-C and PEth

During a mean of 4.7 years of follow-up time, 13% of the sample died, for cumulative
incidence of 2.71, 95% CI: 2.42, 3.03 per 100 person years (PY). Mortality was higher
among HIV+ (3.13 per 100 PY, 95% CI: 2.74, 3.57) compared to uninfected individuals
(1.96 per 100PY, 95% CI: 1.57, 2.45) (Table 3). Mortality among HIV+ individuals self-
reporting abstinence (3.68 per 100 PY, 95% CI: 3.05, 4.44) was higher than that of those
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with lower risk (2.05 per 100 PY, 95% CI: 1.56, 2.70) and at-risk drinking (3.44 per 100 PY,
95% CI: 2.55, 4.64), but lower than of those with high risk drinking (5.35 per 100 PY, 95%
Cl: 3.33, 8.61) (Table 3). A similar pattern was observed among uninfected individuals,
except where power was limited; the lowest mortality was among those with high risk
drinking (2 deaths with wide confidence intervals). In both HIV+ and uninfected individuals,
mortality rates were higher among individuals with PEth > 8 ng/mL compared to those with
PEth < 8 ng/mL; and highest among those with PEth = 50 ng/mL compared to those with
PEth <8 and PEth 8-49 (Table 3). Among HIV+, the highest mortality was among those
reporting abstinence but with PEth =8 ng/mL (5.69 per 100 PY, 95% CI 3.78-8.56) and
among those with high risk AUDIT-C and PEth =8 ng/mL (6.12 per 100 PY, 95% CI 3.82—
9.85). Among the uninfected, those reporting abstinence but having PEth =8 ng/mL had the
highest mortality rate (3.03 per 100 PY, 95% CI 1.52-6.07). Patterns are similar among the
restricted sample (Table 3).

The association between alcohol exposure and mortality persisted after adjusting for age,
sex, race, HIV status, HCV and viral suppression in Cox models. First, using only AUDIT-C
alcohol characterization, individuals self-reporting abstinence had higher mortality (adjusted
hazard ratio [aHR] 1.45, 95% CI: 1.10, 1.92) compared to those with lower risk drinking
(reference group). Adding PEth improved model fit based on the likelihood ratio test (p=.
027). Compared to those with lower risk drinking, individuals self-reporting abstinence but
with PEth =8 ng/mL had higher mortality (aHR 2.15, 95% CI: 1.40, 3.29) (Figure 2a). Those
with both self-report and PEth suggesting abstinence, at-risk and high risk drinking groups
also had increased mortality risk but the association was not statistically significant. Further
adjustment for smoking, injection drug use, and education results minimally attenuated the
association; (aHR 2.04, 95% CI: 1.33, 3.12) comparing individuals self-reporting abstinence
but with PEth =8 ng/mL to those with lower risk drinking (data not otherwise shown).
Results were similar in the restricted sample; specifically, compared to those with lower risk
drinking, significantly higher mortality was observed only among those individuals with
self-reported abstinence but with a PEth =8 ng/mL (aHR: 2.74, 95 % CI: 1.10, 6.83) (Figure
2h).

DISCUSSION

To our knowledge, this is the first study to evaluate the association between alcohol use
determined via a combined self-report/biomarker-detected measure, and risk of mortality
among a cohort of HIV+ and uninfected individuals. Several important findings emerged
from our study. Likely due to the difference in the encompassed time period, more
individuals overall were characterized as using alcohol and having unhealthy alcohol use
with AUDIT-C than with PEth. However a substantial proportion of those self-reporting
abstinence in the past year had biomarker evidence of alcohol consumption in the past 3
weeks. These individuals appear to be at highest risk of mortality. Additionally, individuals
infected with HCV including those co-infected with HIV were more likely to under-report
exposure and may be at particularly high risk.

Because PEth detects alcohol use only in the 3 weeks prior to blood draw, we also conducted
analysis in a subsample restricted to those with PEth blood draw within 21 days prior to or
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on the same day that AUDIT-C was measured, thus ensuring complete overlap of the 3
weeks covered by PEth measurement with the 1 year encompassed by AUDIT-C. This
analysis yielded results consistent with our findings in the larger sample. It is important to
emphasize that patients who self-reported abstinence are likely a heterogeneous group,
which could include those with lifetime abstinence, those who are currently abstinent but
previously consumed alcohol, and those who do not abstain but report non-drinking due to
social desirability bias or other unknown factors. Taken together, these results underscore the
need for further research evaluating health outcomes among patients who self-report
abstinence. This will help to better understand the drivers of under-reporting alcohol
exposure as well as to fully elucidate the mortality risk associated with this behavior,
especially among HCV+ and HIV+/HCV+ co-infected individuals who are prone to greater
risk of harm from unhealthy alcohol use.3->

Consistent with prior findings of under-reporting alcohol exposure among HIV+
individuals,16:17:38.39.42.43 ahout 15% of HIV+ individuals self-reporting abstinence in our
sample had positive PEth. Three studies among HIV+ individuals in Uganda reported higher
level (25%, 25%, 27%) of disagreement between AUDIT-C and PEth among those self-
reporting abstinence.16:38:43 These studies assessed self-report alcohol use in the last 3016
and 90 days.3843 Another study among young people in San Francisco who inject drugs
reported positive PEth results among 6% of those self-reporting abstinence.*2 Our findings
corroborate those from other settings,16:29.38:4243 that combining AUDIT-C and PEth can
improve detection of alcohol exposure. Our work extends prior findings by demonstrating an
association between under-report and increased risk of mortality.

Our results should be interpreted in light of some limitations. First, our sample is
predominantly male, so our results may not generalize to women. Secondly, one should note
that AUDIT-C assesses drinking over the past year whereas PEth can only detect alcohol
exposure only over approximately 3 weeks.*# As observed, despite reporting alcohol use
ranging from lower risk to high risk drinking, some individuals self-reporting alcohol use
had PEth <8 ng/mL in both the full sample and the sample restricted to the PEth time
window. This may be a reflection of the difference in the timing between PEth measurement
and AUDIT-C survey date, but may also be because PEth is not 100% sensitive, especially
for drinking below cutoffs for excessive use.25 In the restricted sample, positive PEth results
could not be attributed to alcohol use that occurred after AUDIT-C survey date. In these
analyses, a similar proportion of patients with self-reported abstinence had positive PEth as
in the full sample (15% vs. 12%) and this group also showed significantly increased risk of
mortality, corroborating results from the full sample. Additionally, previous research using
AUDIT-C trajectory models indicates that self-report of alcohol use varies little over time in
this population.#> We were also limited by sample size in our ability to use the combined
alcohol measure in the modeling of mortality risk among patients who self-reported any
alcohol use. Finally, due to the observational nature of our study, we cannot establish
causality.
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Conclusions

Due to the known adverse effects of unhealthy alcohol use on liver-related and all-cause
morbidity and mortality, it is critical to accurately measure the spectrum of alcohol
consumption. Even though PEth measures alcohol use in a shorter timeframe, we found that
it enhanced detection of alcohol use when used in conjunction with AUDIT-C. In high-risk
groups such as those infected with HCV or HIV+/HCV+ (co-infected), a group in which our
data suggest greater likelihood of under-report of alcohol use, using PEth in combination
with AUDIT-C can improve alcohol detection.
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Figure 1.

Figure 1a. Percent with PEth =8 by AUDIT-C, HIV and HCV Status Among the Full

Sample (N = 2344)

Figure 1b. Percent with PEth =8 by AUDIT-C, HIV and HCV Status
Among the Restricted Sample (N = 682)

* AUDIT-C summary score 1-3 for men and 1-2 for women

** AUDIT-C summary score 4—7 for men and 3-7 for women
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Figure 2.
Figure 2a. Association of Alcohol Exposure with Five-Year Mortality Among HIV+ and

Uninfected Individuals Among the Full Sample (N= 2344)

Figure 2b. Association of Alcohol Exposure with Five-Year Mortality Among HIV+ and
Uninfected Individuals Among the Restricted Sample (N = 682)

Note: model adjusted for age, sex, race/ethnicity, HIV, HCV and HIV viral suppression. We
used different AUDIT-C threshold to determine unhealthy alcohol use in men and women.
* AUDIT-C summary score 1-3 for men and 1-2 for women

** AUDIT-C summary score 4—7 for men and 3-7 for women

AUDIT-C, Alcohol Use Disorders Identification Test-Consumption

PEth, Phosphatidylethanol
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