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Abstract

Background—To counteract the syndemics of HIV and alcohol in sub-Saharan Africa,
international collaborations have developed interventions to reduce alcohol consumption. Reliable
and accurate methods are needed to estimate alcohol use outcomes. A direct alcohol biomarker
called phosphatidylethanol (PEth) has been shown to validate heavy, daily drinking, but the
literature indicates mixed results for moderate and non-daily drinkers, including among HIV-
infected populations. This study examined the associations of the PEth biomarker with self-report
alcohol use at 2 time points in 127 HIV-infected outpatient drinkers in western Kenya.

Methods—Participants were consecutively enrolled in a randomized clinical trial to test the
efficacy of a behavioral intervention to reduce alcohol use in Eldoret, Kenya. They endorsed
current alcohol use, and a minimum score of 3 on the Alcohol Use Disorders Identification Test-
Consumption or consuming = 6 drinks per occasion at least monthly in the past year. Study
interviews and blood draws were conducted at baseline and at 3 months post-treatment from July
2012 through September 2013. Alcohol use was assessed using the Timeline Followback
questionnaire. Blood samples were analyzed for presence of the PEth biomarker and were
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compared to self-reported alcohol use. We also conducted semi-structured interviews with 14
study completers in February through March 2014.

Results—Baseline data indicated an average of moderate-heavy alcohol use: 50% drinking
days and a median of 4.5 drinks per drinking day. At baseline, 46% of women (31 of 67) and 8%
of men (5 of 60) tested negative for PEth (p<.001). At the 3-month follow-up, 93% of women (25
of 27) and 97% of men (30 of 31) who reported drinking tested positive, while 70% of women (28
of 40) and 35% of men (10 of 29) who denied drinking tested negative for PEth. Interviews were
consistent with self-reported alcohol use among 13 individuals with negative baseline results.

Conclusions—These results add to the growing literature showing lack of agreement between
self-report and PEth results among unhealthy and non-daily drinkers, particularly women. More
research is needed to determine at what level of consumption over what period of time PEth
becomes a reliable and accurate indicator of alcohol use.
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Introduction

Approximately two-thirds of the world’s 33.2 million individuals infected with the HIV
virus live in sub-Saharan Africa. Several Africa-based studies have provided evidence for the
presence of a high rate of alcohol dependence (Othieno et al., 2000, Saunders et al., 1993a,
World Health, 2004), often involving the consumption of inexpensive local brew with high
ethanol content (Papas et al., 2010b). In Eldoret, Kenya, our work has also shown that an
average chang’aa drink (locally made spirit) is equal to two U.S. standard drinks (Papas et
al., 2010Db), and prevalence of hazardous drinking was reported among HIV (53%) and
general medicine (68%) outpatients (Shaffer et al., 2004). Alcohol use displays a dose—
response association with imperfect adherence to antiretrovirals (ARVs) (Braithwaite et al.,
2005), with comorbid medical diseases and acquired immune deficiency syndrome (AIDS)-
defining conditions (Justice et al., 2006), and has been associated with increased risk of
unprotected sex (Apostolopoulos et al., 2002, Seage et al., 2002). In Kenya, alcohol use
correlates with HIV infection (Ayisi et al., 2000, Hargreves, 2002) and with risk of sexually
transmitted infections (Feldblum et al., 2000, Lavreys, 2003). To counteract the syndemics
of HIV and alcohol use in sub Saharan Africa, international collaborations have developed
interventions to reduce risky behaviors such as alcohol consumption (e.g. Parry et al., 2014).

In order to estimate alcohol use outcomes in resource-limited settings, reliable and accurate
methods are needed. Multimodal alcohol assessment is recommended, including both self-
report and biological measures, because each method of measurement has strengths and
weaknesses. Together they likely provide the basis for a more accurate estimate of
participants’ past alcohol consumption than either does alone, given the absence of a gold
standard of measurement. Our international research collaboration has engaged in a program
of research to reduce alcohol use among HIV-infected outpatients in western Kenya across a
range of drinking patterns (Papas et al., 2011, Papas et al., 2010a, Papas et al., 2010b, Papas
etal., 2012). As part of our ongoing research, we used both culturally adapted self-report
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measures and biological measures of alcohol use. We have previously described our
adaptation of the self-report primary outcome measure the Timeline Followback (TLFB)
(Papas et al., 2011), as well as multimodal alcohol assessment (Mwaniki et al., 2015). To
complement self-report measures, we incorporated two biological measures of alcohol use
and a clinical measure of alcohol withdrawal. We administer at all visits the Alco Screen®
saliva test, shown to be highly associated with blood ethanol concentration as a point-
prevalence measure of use (McColl et al., 1979), and a validated assessment for alcohol
withdrawal symptoms, the Clinical Institute Withdrawal Assessment for Alcohol (Sullivan et
al., 1989). We also obtain blood samples for analysis of a direct biomarker of alcohol use
called phosphatidylethanol (PEth).

PEth is the name of a group of phospholipids formed in the cell wall from
phosphatidylcholine in the presence of alcohol by the enzyme phospholipase D. In blood,
PEth resides primarily within the red blood cells and has a half-life of 4 days (Varga et al.,
2000). When examining PEth in both HIV-infected and non-HIV-infected samples, PEth has
been shown to be a valid indicator of heavy drinking, with reporting periods typically from
several hours to several weeks (Aradottir et al., 2006, Viel et al., 2012, Wurst et al., 2010,
Hartmann et al., 2007, Hahn et al., 2015, Hahn et al., 2012). Some studies in heavy drinking
non-HIV infected samples suggested that PEth demonstrated 100% specificity, because PEth
cannot be formed without the presence of alcohol (Hartmann et al., 2007).

Sensitivity has been reported to range as high as 100% in heavy drinkers (Wurst et al 2004).
The literature indicates mixed results for more moderate and non-daily drinkers among HIV-
infected and non-HIV-infected samples (Hahn et al., 2015, Varga et al., 1998, Viel et al.,
2012, Helander et al., 2012). More detailed research on PEth formation and elimination has
revealed that the presence of PEth may be affected by many factors. For example,
researchers have found that PEth in non-HIV infected samples can be formed in vitro after
alcohol consumption has ended, and that the formation rate is individual, so it may not be
possible to correlate PEth in blood exactly to the absolute amount of ingested ethanol
(Aradottir et al., 2004). In an experiment in which ethanol was incubated with red blood
cells collected from 12 PEth-negative (limit of quantification 0.2) individuals, PEth formed
in-vitro at twice the rate in those cells collected from chronic heavy drinkers versus those
from healthy volunteers who had abstained for the prior two weeks (Varga and Alling,
2002). Other researchers have suggested that PEth may have remained in the body for longer
than 21 days, that is sometime during the 90-day period prior to alcohol being consumed
(Hahn et al., 2012). Additionally, studies among healthy volunteers who drank limited
quantities of alcohol resulted in variable or in some cases undetectable PEth presence
(Gnann et al., 2012, Varga et al., 1998). For example, Gnann and colleagues provided
alcohol to 11 healthy volunteers on 5 successive days between 21 prior and 16 subsequent
days of alcohol abstinence. Alcohol was provided to achieve 1 g/kg of blood ethanol
concentration (equivalent to .106%). Using newer LC-MS/MS methods, they found variable
levels of PEth formation and elimination among the volunteers. Ten of 11 volunteers had
detectable PEth values 1 hour after the start of drinking, ranging from 45 to 138 ng/ml.
Concentrations of PEth increased continuously and reached maximum concentrations of 74
to 237 ng/ml between days 3 and 6. Four of 11 volunteers continued to test positive for PEth
after 16 days of alcohol abstinence (Gnann et al., 2012).
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Although early studies have focused on non-HIV infected samples, more recent literature
has emerged examining relationships among HIV-infected samples, both in the U.S. and
Africa. Hahn and colleagues conducted a validation study among 77 HIV-infected Ugandans
using daily breathalyzer testing during visits by study staff and a collateral report to validate
self-reported drinking. After 21 days, they then examined PEth levels (limit of detection 10
ng/ml). The authors concluded that PEth properties were best when measured for a duration
of 21 days (versus 7 and 14 days) of alcohol use. They reported 88% sensitivity and 88.5%
specificity for PEth’s property to detect any level of drinking in the past 21 days. PEth
results were correlated with number of drinking days in the prior 21 days (r=0.74). Authors
noted that the sample consisted of heavy drinkers, such that there was little difference
between the “any drinking” and “heavy drinking” subgroups. In a second study with a small
sample of drinkers, these researchers compared PEth levels against self-reported alcohol use
for the past 30 days (limit of quantification 8 ng/nl) among 150 HIV-infected ARV-naive
Ugandans, 21 of whom reported drinking. This sample was characterized by low levels of
reported drinking (median 10% drinking days in the past month). They observed positive
PEth levels for 16% (13 of 82) of women and 43% (16 of 37) of men who denied drinking.
They also found that 25% (4 of 16) of women (and no men) (0 of 15) who reported drinking
demonstrated negative PEth results (Bajunirwe et al., 2014). Recent literature pooling PEth
results across 3 observational studies and 4 clinical trials of HIV-infected individuals (6 in
the U.S. and 1 in Uganda, total n=1159) reported the following ranges of PEth-positive
results among these studies: reported abstainers, 8% to 17% positive; reported unhealthy
drinkers, 46% to 100% positive; reported lower-risk drinkers, 15% to 70% positive. All
studies employed a limit of quantification of 8 ng/nl. Unhealthy drinking was defined largely
according to National Institute on Alcohol Abuse and Alcoholism guidelines, i.e. more than
7 drinks/week for women or 14 drinks/week for men, or = 4 drinks/day women, =5
drinks/day men. Lower risk drinkers were defined as those who reported drinking that did
not meet unhealthy drinking criteria (Hahn et al., 2015).

Given the lack of agreement between self-report and PEth when examining PEth as an
indicator of alcohol use, particularly among non-daily drinkers, further exploration is
needed. The purpose of this study was to explore the relationship between PEth and self-
reported alcohol use among a larger sample of 127 HIV-infected moderate-heavy drinking
outpatients, on average, in western Kenya across two comparative time points. We examined
associations of PEth with different measures of alcohol consumption, and with several
demographic and clinical characteristics.

Materials and Methods

Participants

Participants were 127 (53% women) HIV-infected outpatients in western Kenya. They were
consecutively enrolled in a randomized clinical trial to test the efficacy of a Cognitive
Behavioral Therapy intervention to reduce alcohol use among HIV-infected outpatients in
Eldoret, Kenya. Inclusion criteria for the trial were: age 18 years or older, enrollment as an
HIV outpatient in any of 4 AMPATH HIV clinics and living within one hour travel distance
from the Eldoret AMPATH clinic. Participants were recruited if they reported any amount of
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alcohol use in the past 30 days and endorsed unhealthy drinking as indicated by either: 1) at
risk drinking (minimum score of 3 on the Alcohol Use Disorders Identification Test-
Consumption (AUDIT-C) (Gordon et al., 2001, Saunders et al., 1993b), or 2) consuming =
six drinks per occasion at least monthly in the past year. Participants also were required to
have a verbal working knowledge of Kiswahili. Exclusion criteria included active psychosis
or active suicidality, which were assessed through screening. Positive screens were followed
with a referral to the psychiatry department.

Study Procedures

Study interviews and blood draws were conducted at baseline and at 3 months post-
treatment from July 2012 through September 2013. The sample consisted of consecutively
enrolled participants who met study criteria and provided lab samples and interview data at
both study time points. Twenty-five randomized participants were excluded: 8 due to their
failure to provide 3-month follow-up data due to drop out; 2 were dismissed after admitting
no alcohol use at baseline; 3 died from non-study-related causes; and 12 participants were
not able to be located after study completion to consent to shipping dried blood spots outside
of Kenya for analysis. Of the 36 participants whose lab results were negative for PEth at
baseline, the first 14 (39%, 13 women) study completers of the 36 participants were enrolled
in brief interviews to discuss report of alcohol use. These 10-minute semi-structured
interviews were conducted from February to March 2014. During the interview, a gender-
matched research assistant employed a nonjudgmental approach to confirm alcohol use at
baseline by presenting possible explanations for misstating use. Participants were also
informed of PEth lab results (negative vs. positive). The study protocol was reviewed and
approved by institutional review boards at all affiliated universities. Participants provided
written informed consent.

Alcohol assessment

Self-report alcohol use—Alcohol use was assessed by interview in a private setting
using a computer survey interface with gender-matched research assistants. The 10-item
AUDIT was administered at screening. Following enrollment, alcohol was assessed
continuously from baseline through the end of the study, the 9-month post-treatment follow-
up. If a participant missed a previous interview, the days since the last interview were
assessed at the subsequent interview. For this study, we examined TLFB data for the past 30
days at baseline and for the past 30 days at the 3-month follow-up. We used the TLFB
method, a well-established, reliable and valid retrospective calendar-based measure
employing memory cues, to assess alcohol use (Maisto et al., 1979, Sobell et al., 1979,
Sobell and Sobell, 1992, Sobell et al., 1988). Based on our previous work (Papas et al.,
2010b), we adapted the TLFB to estimate use of local brew (chang’aa, spirit, and busaa,
maize beer) by asking participants how much money they spent on personal consumption.
Commercial drink was assessed by asking volume drunk for the respective time-periods.
Reported cost and volume were then converted into grams of ethanol and divided by 14 g to
achieve equivalence to a US standard drink. Seven-day re-test reliability using the adapted
TLFB was 0.88 for percent drinking days and 0.92 for drinks per drinking day (Papas et al.,
2011). Of the 127 participants in this study, 95% attended the 3-month follow-up interview
within 2 weeks of target assessment date, and 98% reported within 30 days of the target
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date. Two participants reported for 3-month follow-up interviews at 36 and 42 days later,
respectively.

Clinical and demographic variables

Clinical and demographic variables were obtained via self-report with the exception of BMI,
CD4 count and ARV status, which were obtained from participant medical records. ARV
status was also confirmed through self-report.

Other substance use

Besides alcohol, use of cigarettes, kuber (smokeless tobacco), marijuana and khat (stimulant
leaf) were assessed. Use of other substances has not been found to be prevalent in this
setting (Papas et al., 2011); however “other” substance use was also assessed.

Dried blood spot collection and PEth lab analysis

Whole blood was drawn and applied to dried blood spots (DBS). DBS were frozen
immediately after collection at =80 °C. They were subsequently transported to United States
Drug Testing Laboratory (USDTL), Des Plaines, IL, for testing and were stored at room
temperature for approximately 2 days during transport. A validated liquid chromatography-
tandem mass spectrometry method (LC-MS/MS) (Gnann et al., 2009, Helander and Zheng,
2009) was employed for the analysis of the most prevalent PEth isomer, palmitoyl (PEth
16:0)/oleoyl (PEth 18:1) on dried blood spots. PETH was detected in standard dried blood
spot punches (3.1 mm) using an Agilent 6460 liquid chromatography-tandem mass
spectrometry (LC-MS/MS) system following extraction into methanol (Jones, 2011). Studies
have shown that PEth 16:0/18:1 is as sensitive as total PEth (Helander et al., 2012). The LC-
MS/MS technique on DBS has been shown to produce results that highly correlate with PEth
analyses conducted using fresh blood (Jones, 2011, Faller et al., 2011). In the current study,
the limit of quantification was 8 ng/ml, and positive samples were confirmed using a second
sampling of DBS.

Statistical analysis

Categorical variables were summarized as frequencies and the corresponding percentages.
Continuous variables that assumed the Gaussian distribution were summarized as means
with the corresponding standard deviation (SD), while those that violated the Gaussian
assumptions were summarized as medians with corresponding 25th and 75th percentiles,
here denoted as Interquartile range (IQR). Gaussian assumptions were assessed using
empirical (Shapiro-Wilk test) as well as graphical approaches (box plots and normal
probability plots).

Association between categorical variables was assessed using Pearson’s Chi Square test or
test for proportions, and the association between continuous variables was assessed using
Spearman rank correlation coefficient or independent t-tests. Continuous variables that
assumed Gaussian distribution were compared using a two sample t-test. However, those that
violated the assumptions were compared using two-sample Wilcoxon rank-sum (aka Mann
Whitney U) test. Results were summarized in tables setting significance level (alpha) at 0.05.
Data analysis was done using R software.
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We measured common alcohol consumption variables using the TLFB: percent drinking
days and average drinks per drinking day. In order to enable comparison to previous
literature, we used a 30-day interval of the TLFB. Alcohol use was examined both
dichotomously (no/yes) and continuously. PEth results were analyzed dichotomously
(negative/positive). Boxplots were also developed by gender of the relationship between
PEth levels and reported alcohol use.

Baseline clinical, demographic and baseline substance use variables

Median age was 37.0 years (IQR 32.0-43.0). Average education was 8.5 years (SD 3.8).
Participants had been diagnosed with HIV for a median of 5.6 years (IQR 2.9-8.6). Fifty-five
percent of the sample was married. Eighty-two percent of participants were prescribed
ARVs. Median CD4 count was 421.5 (IQR 317.5-559.0). Median BMI was 21.5 (IQR
19.6-24.6), which is in the average range. Women reported significantly lower education and
more often being single, as well as longer duration since HIV diagnosis compared to men.
Women also demonstrated significantly higher CD4 count and BMI compared to men.

Median total AUDIT scores (21.0, IQR 13.0-28.0) suggested high-risk drinking. There were
no gender differences in the AUDIT-C quantity-frequency items; however, women reported a
significantly higher median total AUDIT score than men. Fifty-one percent of the sample
reported consuming = 6 drinks per occasion at least monthly in the past year. Use of other
substances besides alcohol was minimal. More men than women reported smoking tobacco.
At baseline, 79% of participants reported drinking locally made spirits, and 56% drank
locally made beer. Baseline TLFB data indicated moderate to heavy levels of alcohol use on
average: 50% drinking days and a median of 4.5 drinks per drinking day (IQR 3.4-7.8).
There were no significant gender differences at baseline in self-reported drinking using the
TLFB (Table 1). Baseline level of drinking (percent drinking days and drinks per drinking
day) was not significantly different between the 127 study participants and the 23
participants who did not provide PEth data.

Associations between alcohol consumption and PEth

Baseline data—At baseline, we found that PEth results were negative for 28% of the
127 participants (n=36). PEth results were negative at baseline for 46% of women (31 of 67)
and 8% of men (5 of 60) (p<.001) (Table 2). There were no significant differences at
baseline in percent of participants on ARVs, BMI scores or CD4 count by PEth status (data
not shown).

Three-month follow-up data—At the 3-month follow-up, PEth status was highly
associated with whether an individual reported any alcohol use in the past 30 days (p<.001).
Forty-six percent of participants (58 of 127) reported drinking any alcohol, while 68% (86 of
127) of the sample demonstrated positive PEth results. Five percent of those who reported
drinking (3 of 58) tested negative for PEth. Ninety-three percent of women (25 of 27) and
97% of men (30 of 31) who reported drinking tested positive, while 70% of women (28 of
40) and 34% of men (10 of 29) who denied drinking tested negative for PEth (Table 3). With
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regard to self-reported drinking, women reported significantly fewer drinks per drinking day
than men (2.3 vs 3.9, p=.008). There were no other significant gender differences in self-
reported drinking at the 3-month follow-up (data not shown).

We also examined the relationship between PEth status and self-reported drinking at the 3-
month follow-up among those 31 women who were PEth-negative at baseline. Nineteen
percent (6 of 31) of these women reported drinking also at the 3-month follow-up, and 2 of
these women 6 (33%) again tested negative for PEth. At the 3-month follow-up, there were
positive PEth results among 20% of women who denied drinking (5 of 25) (Table 4).

Comparison between values of self-report and PEth indicators of alcohol
consumption at baseline and 3-month follow-up—\We reviewed the relationships
between absolute values of PEth and self-report alcohol use in two ways. First, we examined
distributions of PEth levels and associated medians at baseline and the 3-month follow-up in
boxplots stratified by gender. Results showed lower median PEth levels at baseline when
compared to the 3-month follow-up, and among women when compared to men (Figure 1).
Then we examined Spearman correlations between detectable PEth levels and self-reported
alcohol use in the total sample. Drinks per drinking day were significantly correlated with
PEth levels at baseline (r=0.39, p<.001) and at 3-month follow-up (r=0.44, p<.001). Percent
drinking days was not significantly correlated with PEth levels at either baseline (r=—0.07,
p=0.509) or 3-month follow-up (r=-0.09, p=0.497).

Post-trial interviews

During brief interviews among study completers with PEth-negative results at baseline, one
of the 14 participants admitted that at the baseline assessment she falsely reported drinking
in order to gain the $6 per visit transport reimbursement. Her data were dropped from these
analyses. The remaining 13 participants confirmed drinking at baseline. Seven individuals
self-identified as occasional or not heavy drinkers, and 6 individuals self-identified as heavy
drinkers. One woman noted that she drank regularly throughout the study from baseline to
final follow-up. One man recalled during the interview the days he had drunk during the
baseline period, including 3 days before baseline, and this was consistent with data recorded
at baseline.

Discussion

This study examined associations of self-reported alcohol use with lab results of a direct
biomarker of alcohol use called PEth among a sample of HIV-infected outpatients in western
Kenya who reported, on average, moderate to heavy non-daily drinking. The results of this
study showing lack of agreement between self-report and PEth indicators of alcohol use are
consistent with recently published PEth literature in HIV-infected samples. This pertains
both to discrepancies overall between PEth and self-reports of any drinking, and gender
differences in the frequency of that discrepancy. For example, as part of a multi-study
analysis, Cook and colleagues reported finding that 46% of 125 HIV-infected women
participants enrolled in a U.S. trial for unhealthy drinkers tested negative for PEth. Authors
had previously found 100% PEth positive results in a pilot study of 17 women (Hahn et al.,
2015).
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Level of drinking has been commonly cited as an explanation for lack of agreement between
PEth and self-report (Helander et al., 2012, Varga et al., 1998). In a meta-analysis of PEth-
related studies published through 2012, Viel et al. concluded that PEth is an efficient marker
for chronic heavy drinking, and that the utility of PEth as a measurement of less frequent or
non-heavy drinking levels remains inconclusive. The level of consumption over what period
of time PEth becomes a reliable and accurate indicator of alcohol use is unknown. Hartmann
and colleagues concluded that a threshold of total ethanol intake yielding detectable PEth
seems to be around 1000 g (71.4 standard drinks), with a mean da/ly intake of about 50 g
(3.6 standard drinks) (Hartmann et al., 2007). Aradottir (2004) also concluded that 50 g per
day may be a useful threshold but noted that there are individual differences in the PEth
formation rate. It should be noted that both studies used less sensitive HPLC methods. Using
LC-MS/MS methods, Gnann and colleagues administered from 57 to 109 g alcohol daily to
achieve 1 g/kg of blood ethanol concentration, resulting in maximum PEth concentrations of
74 to 237 ng/ml between days 3 and 6. Hahn’s 2012 PEth validation paper suggested that
there was little difference in the sample between “any” drinking and “heavy” drinking
because of pervasive heavy drinking. Participants reported consuming 2.9 drinks on 75% of
the 21 days. Thus, the authors questioned whether PEth is measuring heavy drinking versus
any drinking (Hahn et al., 2012). In our sample of moderate to heavy reported drinkers,
percent drinking days at baseline was reported to be 50% and thus did not match the
frequency of drinking criteria identified; however median drinks per drinking day (4.5) met
heavy drinking criteria.

We also found that 45% of those who denied drinking (31 of 69) — this includes 19 of 29
men — at the 3-month follow-up tested positive for PEth. This may be attributed to several
factors besides possible under-reporting: the limited properties of PEth biomarker, as yet
unidentified factors associated with the HIV infection, or the sustained formation of PEth
after cessation of drinking (Aradottir et al., 2004). For example, Hahn et al. (2012)
conducted daily visits with breathalyzer testing and found that 3 of 26 individuals tested
positive for PEth after 21 days, although self-report, collateral report, and breathalyzers were
all negative. Authors questioned whether residual PEth continued to be found during the 90-
day period prior to baseline, when participants last reported drinking (Hahn et al., 2012).

It should be noted that, in our sample, there may have been motivations to both under-report
drinking, e.g., due to perceived stigma and fear of not accessing ARVS, social desirability
after treatment engagement; and to over-report drinking, e.g., for secondary gain of transport
reimbursement. Although our transport reimbursement of $6 per visit is considered standard
compensation by the Moi University Institutional Research and Ethics board, some
participants in the trial who live close to the study site have reported investing the money
gained from study participation in small businesses. Importantly, our interviews after study
completion with 39% of those who tested negative for PEth at baseline, mostly women,
suggested veracity of self-report by nearly all participants. It should be noted that women in
Kenya experience an impoverished and disempowered status when compared to men. One
possible explanation for the increase in percent of PEth-positive results among women at the
3-month follow-up is the possibility that there was increased motivation among women to
fabricate or exaggerate drinking patterns at baseline in order to gain access to study transport
payments, then to report more honest levels during subsequent follow-ups. However, when
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we examined self-report at the 3-month follow-up of those 31 women who were PEth-
negative at baseline, we noted mixed results. We found that 19% (6 of 31) continued to
report drinking at the 3-month follow-up, and 2 of those 6 (33%) continued to test negative
for PEth. Additionally, we noted at the 3-month follow-up positive PEth results among 20%
of these women who denied drinking (5 of 25). Furthermore, when visually examining
associations between PEth and self-report at the two time points, substantial heterogeneity
with no dominant pattern are noted. Hence, it is difficult to identify any specific patterns of
drinking that may account for change in percent of PEth-positive results and overall lack of
agreement between PEth and self-report. Given that other studies have noted significant lack
of agreement between self-report and PEth among women, there also may be some as yet
unidentified biological gender difference in PEth formation. There were a significant
number of individuals who denied drinking who tested positive for PEth and the reasons are
likely multifactorial as previously discussed. In sum, in the absence of a gold standard
biological measure, it is difficult to quantify and make attributions about the noted
discrepancies between self-report and PEth results found in our study.

This study has limitations. These include 1) primary reliance on self-reported alcohol use
given the infeasibility of collecting daily point-prevalence measures or collateral
confirmation, and 2) limited generalizability of the focus on only a sample of HIV-infected,
western Kenyan outpatients. Nonetheless, our results suggest that more research needs to be
performed on the PEth biomarker to improve its utility as a biological measure of alcohol
use. Questions that would be helpful to answer include the quantity of ethanol that must be
consumed and over which time period in order to result in a positive PEth blood assay, and
exploration of confounding factors associated with negative PEth results among confirmed
drinkers. Also, exploring other cutoffs of PEth beyond the commonly employed range of 8
ng/nl to 20 ng/nl may be useful to improve PEth’s utility among non-daily drinkers.
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Figure 1.
Box plot of logarithmic PEth levels at baseline and 3-month follow-up stratified by gender
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Table 1

Baseline demographic, clinical and substance use variables

Variable Total Female Male P-value
(n=127) (n=67, 52.8%) (n=60, 48.2%)
n (%) or Mean + SD or Median (IQR)
Demographics
Age (years) 37.0(32.0-43.0) 35.0(32.0-425) 39.0(34.0-43.3) 0.082
Education, highest year completed 85+3.8 73+37 9.8+34 <.001
Years since HIV diagnosis? 5.6 (2.9-8.6) 6.4(41-9.2) 49(22-17.3) 0.012
Married 70 (55.1%) 23 (34.3%) 47 (78.3%) <.001
Currently taking ARVs 104 (81.9%) 54 (80.6%) 50 (83.3%) 0.689
CD4 cells (per cubic mm)” (317.‘:32—l '359.0) (356.04§5577.5) (279.%6§ ESO.S) 0.008
BMI (Kgs/m?)€ 215(19.6-246) 22.9(201-26.6) 20.2(18.6-224)  0.003
AUDIT in the past year
Audit-C (First 3 items’ score) 6.0 (5.0-8.5) 6.0 (5.0-8.0) 6.5(5.0-9.3) 0.398
Total score 21.0(13.0-28.0) 24.0(140-280) 18.0(11.8250)  0.033
>6 drinks per occasion at least 65 (51.2%) 34 (50.7%) 31 (51.7%) 1.000
monthly in the past year
Substance use in the past 30 days
Tobacco use 32 (25.2%) 8 (11.9%) 24 (40.0%) <.001
Number of days using tobacco? (11.53_030.0) (2.8(ii4.0) (2433_030.0) <.001
Number of cigarettes per 4.0(2.0-5.0) 25(2.0-45) 4.0(2.8-5.0) 0.260
smoking dayd
Marijuana use 5 (3.9%) 1(1.5%) 4 (6.7%) 0.188€
Miraa use 11 (8.7%) 5 (7.5%) 6 (10.0%) 0.848
Kuber use 13 (10.2%) 6 (9.0%) 7 (11.7%) 0.834
Alcohol consumption in the past 30 days
Drank chang'aa spirit 100 (78.7%) 53 (79.1%) 47 (78.3%) 0.916
Drank busaa beer 71 (55.9%) 41 (61.2%) 30 (50.0%) 0.205
Drinks per drinking day 45(3.4-738) 43(29-6.9) 5.0(3.6-7.9) 0.200
Percent drinking days 50.0 (26.7-76.7) 50.0 (26.7-75.0) 48.3(29.2-80.8)  0.917
PEth-positive 91 (71.7%) 36 (53.7%) 55 (91.7%) <.001

dh=122;
bn =124;

Cn =115;

dn:32, among those who used tobacco for the past 30 days

e .
Result from Fisher’s exact test due to the small cell count
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Associations between self-reported drinking and PEth status by gender and in total sample at baseline

Table 2

PEth Negative PEth Positive P-value
n (%) or Median (IQR)

Women
Any use no - - -
Any use yes 31 (46.3%) 36 (53.7%)

Men
Any use no - - -
Any use yes 5 (8.3%) 55 (91.7%)

Total
Any use no - - -
Any use yes 36 (28.3%) 91 (72.7%)
Drinks per drinking day 43(28-17.1) 45 (3.5-8.0) 0.406
Percent drinking days 40.0 (25.8-74.2) 50.0(28.3-76.7)  0.419
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Table 3

Page 17

Associations between self-reported drinking and PEth status by gender and in total sample at 3-month follow-

up
PEth Negative PEth Positive P-value
n (%) or Median (IQR)
Women
Any use no 28 (70.0%) 12 (30.0%) <.001
Any use yes 2 (7.4%) 25 (92.6%)
Men
Any use no 10 (34.5%) 19 (65.5%)
ANy Use yes 1 (3.2%) 30 (96.8%) 0.005
Total
Any use no 38 (55.1%) 31 (44.9%)
<.001
Any use yes 3 (5.2%) 55 (94.8%)
Drinks per drinking day 4.0(4.0-48) 3.2(1.9-5.6) 0.380
Percent drinking days 23.3(16.7-26.7) 10.0(6.7-30.0)  0.479
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Table 4

Associations between self-reported drinking and PEth status at 3-month follow-up among women who were
PEth-negative at baseline

PEth Negative  PEth Positive Total Fisher’s
n (%) n (%) n (%) exact P
Alcohol Use  No 20 (80.0%) 5 (20.0%) 25 (80.6%)
Yes 2 (33.3%) 4 (66.7%) 6 (19.4%) 0.043
Total 22 (71.0%) 9 (29.0%) 31 (100.0%)
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